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AGN	  structure	  and	  radio-‐loud 
•  Radio	  loudness:	  
R>10	  radio-‐loud;	  <1	  radio-‐quiet;	  	  	  	  
1<R<10	  radio	  intermediate	  
(Kellermann	  et	  al.	  1994)	  
	  
•  Radio	  luminosity:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

(Miller	  et	  al.	  1990)	  
only	  10%–20%	  were	  qualified	  as	  radio-‐
loud	  objects	  in	  op8cally	  selected	  
samples	  (e.g.,	  Kellermann	  et	  al.	  1989;	  
Hooper	  et	  al.	  1995). 
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Radio	  Galaxies	  and	  Jets	  

Cygnus	  A	  	  →	  
VLA	  radio	  image	  at	  1.4	  GHz	  
the	  closest	  powerful	  radio	  galaxy	  	  
(D=190	  Mpc)	  

←	  	  3C	  236	  	  
Westerbrok	  radio	  image	  at	  608	  MHz	  –	  a	  radio	  
galaxy	  of	  very	  large	  extent	  (D=490	  Mpc)	  

150	  kPc	  

Radio	  Lobes	  

5.7	  MPc	  

Radio	  Lobes	  



M87	  (NGC4486;	  Virgo	  A):	  FRI	   
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	  M87	  jet	  
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Narrow	  Line	  Seyfert	  1	  galaxies	  (NLS1s) 

•  Balmer	  lines	  broader	  than	  forbidden	  lines	  but	  narrower	  than	  normal	  type	  1	  AGNs	  
(FWHM	  <	  2000km/s)	  

•  Peculiar	  proper8es:	  soner	  X-‐ray	  spectra,	  fast	  X-‐ray	  variability,	  strong	  op8cal	  Fe	  IIs	  
•  Rela8vely	  small	  black	  hole	  mass	  106-‐8	  M¤(e.g.	  Collin	  &	  Kawaguchi	  2004),	  however	  s8ll	  

controversial:	  viewing	  angle,	  radia8on	  pressure	  …	  
•  High	  accre8on	  rate	  Lbol	  >>	  0.1	  LEdd	  (up	  to	  Lbol/Ledd	  ~	  1)	  
•  Accre8on	  possible	  via	  slim	  disk	  (e.g.	  Abramowicz	  et	  al.	  1988;	  Mineshige	  et	  al.	  2000)	  
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Radio-‐loud	  NLS1s	  (RLNLS1s) 
�  NLS1s	  were	  long	  thought	  to	  be	  radio-‐quiet.	  Radio-‐loud	  NLS1s	  are	  rare,	  but	  they	  

do	  exist	  (Siebert	  et	  al	  1999	  ;	  Grupe	  et	  al.	  2000;	  Zhou	  &	  Wang	  2002;	  Zhou	  et	  al.	  
2003;	  Whalen	  et	  al.	  2006;	  Komossa	  et	  al.	  2006;	  Yuan	  et	  al.	  2008).	  	  

�  RL	  NLS1s	  sample	  from	  SDSS:	  >100	  out	  of	  ~2000	  NLS1s	  (Zhou	  et	  al.	  2006)	  –	  RL	  
(R>10)	  frac8on	  =	  7%;	  very	  radio-‐loud	  (R>100)	  NLS1s:	  very	  rare	  –	  23	  from	  SDSS	  
DR5	  (Yuan	  et	  al.	  2008).	  

	  
�  Komossa	  et	  al.	  (2006):	  the	  radio	  loud	  NLS1	  galaxies	  are	  generally	  compact,	  

steep	  spectrum	  sources.	  

�  Several	  of	  the	  radio	  loudest	  NLS1	  galaxies	  display	  blazar	  characteris8cs	  and	  
harbor	  rela8vis8c	  jets	  (Doi	  et	  al.	  2007;	  Zhou	  et	  al.	  2007;	  Yuan	  et	  al.	  2008)	  

�  Flat	  radio	  spectra,	  large-‐amplitude	  flux	  and	  spectral	  variability,	  compact	  radio	  
cores,	  very	  high	  variability	  brightness	  temperatures,	  enhanced	  op8cal	  
con8nuum	  emission,	  flat	  X-‐ray	  spectra,	  and	  blazar-‐like	  SEDs.	  
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Compact	  at	  arcsec	  scale 
•  Arcsecond-‐resolu8on	  observa8ons	  have	  resolved	  the	  structures	  

of	  only	  a	  few	  NLS1s	  because	  they	  are	  generally	  quite	  compact	  
(e.g.	  Ulvestad	  et	  al.	  1995,	  Moran	  et	  al.	  2000,	  Stepanian	  et	  al.	  
2003,	  Doi	  et	  al.	  2012).	  
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Host	  galaxies 

•  Almost	  all	  the	  low	  redshin	  NLS1s	  are	  hosted	  by	  spiral	  
galaxies	  (Crenshaw	  et	  al.	  2003,	  Deo	  et	  al.	  2006) 
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Host	  galaxies	  of	  RLNLS1s:unclear 

•  a 
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RLNLS1s 
•  Smaller	  Mbh,	  larger	  accre8on	  rate.	  
•  Two	  sequences	  on	  R	  -‐	  Eddington	  ra8o	  plane	  (Sikora	  et	  al.	  2007). 
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Jets 
•  Jets	  in	  BHB	  and	  AGNs:	  similar	  ?	  
•  Jet-‐produc8on	  related	  parameters:	  black	  hole	  mass,	  spin,	  host	  galaxy,	  

accre8on	  rate,	  environments	  …	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Fender	  et	  al.	  (2004)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Yuan	  &	  Narayan	  (2014) 
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Jet,	  black	  hole	  mass	  and	  accre8on	  rate	  	  	  
	  

Gu	  &	  Chen	  (2009)	  118	  FSRQs;	  Wang	  et	  al.	  (2004)	  35	  blazars;	  	  
Liu,	  Jiang	  &	  Gu	  (2006)	  	  RLQs;	  Bian	  et	  al.	  (2008)	  306	  RLQs 
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VLBI	  observa8ons 
�  Morphologies:	  core	  &	  components	  -‐	  flux	  density,	  posi8on	  angle,	  

angular	  size,	  flux	  variability,	  proper	  mo8on	  and	  polariza8on	  

�  Brightness	  temperature	  (Ghisellini	  et	  al.	  1993)	  

	  
�  Variability	  brightness	  temperature:	  (e.g.	  Yuan	  et	  al.	  2008)	  

	  
	  
�  Constraints	  on	  Doopler	  factor:	  equipar88on	  brightness	  temperature	  

Teq=5×1010	  K	  (Readhead	  	  1994);	  	  Inverse	  Compton	  limit	  Tb,int	  ~	  1012	  K	  
(Kellermann	  &	  Pauliny-‐Toth	  1969)	  
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Status	  of	  VLBI	  observa8ons	  
 	  

• Radio-‐loud	  NLS1s:	  RXS	  J16290+4007,	  RXS	  J16333+4718,	  and	  B3	  
1702+457	  (VLBA	  Gu	  &	  Chen	  2010,	  Doi	  et	  al.	  2011,	  JVN	  Doi	  et	  al.	  2007),	  
RX	  J0806.6+7248	  (JVN	  Doi	  et	  al.	  2007,	  VLBA	  Doi	  et	  al.	  2011),	  B2	  
1111+32	  (EVN,	  VLBA	  Chen	  &	  Gu	  in	  prep.).	  

• gamma-‐ray	  NLS1s:	  compact	  at	  kpc	  scale,	  but	  resolved	  at	  pc	  scale	  (SBS	  
0846+513,	  PKS	  1502+036	  and	  PKS	  2004-‐447,	  VLBA	  D’Ammando	  et	  al.	  
2012,	  Orien8	  et	  al.	  2012);	  SDSS	  J094857.31+002225.4	  (VLBA	  Doi	  et	  al.	  
2006,	  Foschini	  et	  al.	  2011,	  global	  e-‐VLBI	  Girolez	  et	  al.	  2011),	  1H	  
0323+342	  (VLBA	  Zhou	  et	  al.	  2007),	  FBQS	  J1644+2619	  (JVN	  Doi	  et	  al.	  
2007,	  VLBA	  Doi	  et	  al.	  2011).	  

• In	  total,	  only	  11	  RLNLS1s	  (out	  of	  117)	  have	  published	  VLBI	  images.	  
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Gamma-‐ray	  RLNLS1s 
•  Foschini	  (2011)	  

	  
•  FBQS	  J1644+2619	  (D’Ammando	  et	  al.	  2015) 
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PMN	  J0948+0022 
•  A	  bright	  and	  compact	  component	  with	  an	  

inverted	  spectrum,	  and	  a	  faint	  jet	  feature.	  
•  Beaming	  effect	  indicated	  from	  the	  variable	  

emission	  and	  high	  brightness	  temperature.	  
•  First	  Fermi-‐detected	  NLS1s	  -‐	  third	  class	  of	  

gamma-‐ray	  AGNs.	   
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  15	  GHz	  VLBA	  (Foschini	  et	  al.	  2011)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  22	  GHz	  global	  e-‐VLBI	  (Girolez	  et	  al.	  2011) 



SBS	  0846+513	  (z=0.5835):	  (D’Ammando	  et	  al.	  2013) 

•  Strong	  γ	  -‐ray	  flares;	  an	  apparent	  
superluminal	  velocity	  of	  (9.3±	  0.6)c	  
(MOJAVE).	  

•  Blazar-‐like;	  at	  the	  low	  end	  of	  the	  
blazar’s	  black	  hole	  mass	  distribu8on. 
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PKS	  1502+036 
•  High	  frequency	  peakers	  (HFPs)	  selected	  by	  Dallacasa	  et	  al.	  (2000),	  

but	  rejected	  due	  to	  the	  variability	  (Orien8	  et	  al.	  2008).	  

•  No	  significant	  proper	  mo8on	  is	  detected	  for	  the	  jet	  
components	  (D’Ammando	  et	  al.	  2013). 
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PKS	  2004-‐447 
•  Compact	  steep	  spectrum	  source:	  a	  steep	  spectrum	  at	  high	  frequency	  

(above	  8.4	  GHz),	  the	  absence	  of	  significant	  flux	  density	  variability,	  and	  
unresolved	  at	  arcsecond-‐resolu8on	  (e.g.	  ATCA)	  (Gallo	  et	  al.	  2006).	  

•  Included	  in	  the	  CRATES	  catalog	  of	  flat	  spectrum	  objects	  (Healey	  et	  al.	  
2007)	  due	  to	  its	  fla~er	  spectrum	  below	  4.8	  GHz.	  

•  1.4	  GHz	  VLBA	  image	  
	  	  	  	  	  	  (Orien8	  et	  al.	  2012). 
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1H	  0323+342:	  hosted	  in	  a	  spiral	  galaxy	  
core	  +	  weak	  extended	  (MOJAVE	  source,	  1.2	  pc/mas)	  

(radio	  image	  from	  Foschini	  at	  h~p://nls1.brera.inaf.it/)	  
(proper	  mo8on:	  sta8onary	  or	  very	  low	  speed,	  Wajima	  et	  al.	  2014) 

Radio morphology 

SBS 0846+513 

(6.6 pc/mas) 

VLBI 5 GHz 

Helmboldt et al. (2007) 

1H 0323+342 

(1.2 pc/mas) 

PKS 1502+036 

(5.4 pc/mas) 
PKS 2004-447 

(3.8 pc/mas) 

8.6 GHz 

Courtesy M. Giroletti 
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No. 1, 2007 NLS1-BLAZER COMPOSITE NUCLEUS IN 2MASX J0324!3410 L15

Fig. 2.—Broadband SED of 2MASX J0324!3410 (diamonds). A typical
NLS1, I Zw 1 (black triangles), and a typical TeV blazar, Mrk 421 (crosses),
are also plotted for comparison. The second-order polynomial (parabolic) fit of
the radio and X-ray data of 2MASX J0324!3410 and that of the radio, IR, and
X-ray data of Mrk 421 are shown as dashed and dotted lines, respectively. Data
apart from those described in the text were retrieved from the HEASARC browser
server (http://heasarc.gsfc.nasa.gov/db-perl/W3Browse/w3browse.pl). Inset: Re-
sidual image after subtraction of the best-fit model of a point source plus a Sérsic
component from the HST WFPC image. The similarity to a one-armed spiral-
like structure can be clearly seen. [See the electronic edition of the Journal for
a color version of this figure.]

one at 151 MHz, is below the dividing line separating the FR II
and FR I galaxy types.

X-ray emission as well as hard X-ray (and perhaps even g-ray)
flares have been detected from 2MASX J0324!3410 by various
instruments. Hard X-ray emission was detected with the High
Energy Detectors (2.6–60 keV) on board HEAO-1 at three epochs
over a time span of 1 year, when it showed decreasing averaged
count rates from 1.25 ! 0.39 to 0.01 ! 0.26 counts s"1. It was
also detected in the ROSAT All-Sky Survey (RASS), with a 0.1–
2.4 keV flux of (3.1 ! 0.5) # 10"12 ergs cm"2 s"1 in the observed
frame and corrected for the Galactic absorption ( GN p 1.45 #H

cm"2 (Dickey & Lockman 1990). 2MASX J0324!3410 has2110
been monitored by the All-Sky Monitor (ASM) on board the Rossi
X-Ray Timing Explorer since 1996 June. The average ASM count
rate over the last 10 years is counts s "1, con-0.0343 ! 0.0065
verting to a 2–10 keV flux of ergs cm"2 s"1."12F p 9.0 # 10X

The most recent X-ray observation was done by the Swift X-Ray
Telescope in July of 2006. The spectrum in the 0.3–10 keV band
can be well fitted with a power law of a photon index 2.02 !

with Galactic absorption. X-ray flux variations of up to a0.06
factor of 2 on timescales of less than 1 ks have been detected in
the Swift data. The average flux in the 0.2–2.4 keV band was 3
times brighter than that measured in the RASS. Of particular
interest, a TeV flare was claimed to be marginally detected at a
significance level of ∼2.5–3.3 j on 2001 October 10 with a peak
rate of crab (Falcone et al. 2004).0.62 ! 0.19

The broadband spectral energy distribution (SED) for the nu-
cleus of 2MASX J0324!3410 is plotted in Figure 2, using the
results of our own data as well as data collected through the
HEASARC Web browser. For comparison, the SED for I Zw 1
and Mrk 421—a well-known NLS1 and blazar, respectively—
are overplotted. It can be seen that 2MASX J0324!3410 re-
sembles Mrk 421 in terms of the broadband, nonthermal con-
tinuum in the radio and possibly X-ray bands, whereas it
resembles I Zw 1 in the infrared-optical regime where thermal
emission is dominant.

2.3. The Host Galaxy: A One-armed Spiral?

Two snapshot images of 2MASX J0324!3410, each of 200 s
exposure, were taken with the Wide Field Planetary Camera 2
(WFPC2) on the HST with the F702W filter (leff p 6919 ). TheÅ
data were retrieved from the HST archive. The two exposures were
combined to create a single image with a better signal-to-noise
ratio. A ringlike structure of ∼15! diameter can be clearly seen,
which corresponds to ∼15.6 kpc at redshift 0.0629. A nuclear
source with high surface brightness is apparently displaced from
the symmetric center of the host galaxy. The surface brightness
profile of the galaxy can be decomposed into two components:
an unresolved pointlike source as the NLS1 nucleus, and a Sérsic
model for the host galaxy (detailed analysis is to be presented in
a later paper). We find mag for the activem p 15.15NLS1, F702

nucleus and mag for the host galaxy. Afterm p 15.22bulge, F702

correcting for the Galactic extinction, mag,E(B " V ) p 0.213
we get mag. The residual looks like a one-m ≈ 14.70NLS1, F702

armed spiral (see Fig. 1).

3. DISCUSSION: A NLS1-BLAZAR COMPOSITE

The spectral and temporal properties of 2MASX J0324!
3410 in the radio and X-ray bands, as presented in § 2.2, are
characteristic of blazars: a flat radio spectrum and flux variability,
a compact and bright radio core on a milliarcsecond scale, hard
X-ray emission and flares, short timescale variations in X-rays,
and a broadband, nonthermal continuum. In particular, its SED

and possible TeV g-ray emission resemble those of a high-energy–
peaked blazar (HBL). On the other hand, its optical properties
fulfill all criteria for classification as a NLS1. These observational
facts thus make 2MASX J0324!3410 a composite of a NLS1
and a blazar. We note that the rest-frame Hb equivalent width

is only slightly below the median value˚EW(Hb) p 58 ! 4 A
(!80 ) for a large sample of NLS1s (Zhou et al. 2006); i.e., theÅ
contribution from a potential nonthermal continuum is small in
the optical. If the X-ray–to–optical spectral slope is similar to that
of I Zw 1 for the NLS1 component, the NLS1 accounts for only
∼ of the observed X-ray emission, which also has a flat spectrum1

3

compared with other NLS1s. Its radio and, most likely, X-ray
radiation can be naturally explained as being from a jet (via syn-
chrotron emission), while the infrared and optical light is domi-
nated by thermal emission from a Seyfert nucleus.

We estimate the central black hole (BH) mass using a few
methods. Using the width and luminosity of the Hb line and the
empirical scaling relations as in Greene & Ho (2005), we find
a BH mass of 107 M,. While the empirical relations of Vester-
gaard & Peterson (2006) give BH masses of 3 # 107 M, using
the continuum luminosity at 5100 and 1.8 # 107 M, usingÅ
the Hb luminosity. These BH mass estimates are consistent
within their uncertainties, giving . Interestingly,7M ∼ 10 MBH ,

this value falls into the overlapping region in the BH mass dis-
tributions for NLS1s and blazars, which have the bulk lying
within (e.g., Wang & Lu 2001; Grupe & Mathur6 710 –10 M,

2004; Zhou et al. 2006) and (e.g., Woo et al. 2005;7 910 –10 M,

Falomo et al. 2002), respectively.
We estimate the bolometric luminosity from the 5100 lu-Å

minosity using the correction factor for quasars given by Elvis et
al. (1994). This gives . We thus obtain45 "1L ≈ 1.2 # 10 ergs sbol

a rough estimate of the Eddington ratio forṁ { L /L ≈ 0.1bol Edd

2MASX J0324!3410. The Eddington ratio is typical of NLS1s
and resembles that for flat-spectrum radio quasars as far as its
blazar property is concerned; however, the SED of its jet emission
is more like HBLs, which have, on the contrary, generally low

Zhou	  et	  al.	  (2007),	  Foschini	  (2011) 



The	  radio	  structure	  of	  three	  RLNLS1s	  	  
(Gu	  &	  Chen	  2010,	  AJ) 

•  Radio	  loud	  NLS1s	  can	  be	  either	  intrinsically	  radio	  loud	  (e.g.	  B3	  
1702+457),	  or	  apparently	  radio	  loud	  due	  to	  jet	  beaming	  effect	  
(e.g.	  RXS	  J16290+4007	  and	  RXS	  J16333+4718).	  

	  
	  	  	  	  	  RXS	  J16290+4007	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  B3	  1702+457	   23 



Preliminary	  results	  of	  our	  observa8ons	  
(Gu	  et	  al.	  2015,	  ApJ,	  to	  be	  submi~ed) 

•  A	  largest	  sample	  of	  117	  RLNLS1s	  (R>10)	  has	  been	  constructed	  
by	  combining	  various	  samples	  available	  so	  far,	  which	  are	  
mostly	  from	  our	  own	  work.	  

•  Fourteen	  RLNLS1s	  with	  FIRST	  1.4	  GHz	  flux	  >10	  mJy	  were	  
observed	  with	  a	  total	  of	  15	  hours	  at	  5	  GHz	  using	  VLBA	  on	  Oct.	  
and	  Nov.,	  2013.	  

•  This	  is	  the	  first	  and	  largest	  systema8c	  high	  resolu8on	  radio	  
study	  of	  RLNLS1s.	  
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Morphology 
•  Generally	  compact:	  seven	  sources	  show	  compact	  core	  only,	  

and	  other	  seven	  objects	  have	  core-‐jet	  structure. 
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Core	  only 



•  s 
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Core-‐jet 



Radio	  spectra 
•  In	  combina8on	  with	  the	  mul8-‐band	  data,	  seven	  sources	  show	  flat	  or	  even	  

inverted	  radio	  spectra,	  and	  steep	  spectra	  are	  found	  in	  rest	  seven	  objects.	  	  
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Steep	  –	  CSS	  like 



•  Fermi	  detected:	  J1246+02	  
•  Core	  only,	  different	  from	  others	  
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Flat 



Brightness	  temperature 
•  The	  brightness	  temperature	  of	  cores	  range	  from	  108.4	  to	  1011.4	  K	  

with	  a	  median	  value	  of	  1010.1	  K.	  
•  The	  radio	  emission	  is	  from	  non-‐thermal	  jets,	  and	  the	  beaming	  

effect	  is	  generally	  not	  significant.	  	  
•  Typical	  blazars	  have	  1011	  -‐	  1013	  K	  with	  a	  median	  value	  near	  1012	  K	  

(Kovalev	  et	  al.	  2005,	  2009).	  	  
•  The	  bulk	  jet	  speed	  may	  likely	  be	  low	  in	  our	  sources.	  

	  	  	  Kovalev	  et	  al.	  2009	  
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Polariza8on 
•  The	  higher	  frac8onal	  polariza8on	  in	  jets:	  the	  strong	  Faraday	  rota8on	  in	  nuclei	  

region	  due	  to	  the	  high	  plasma	  density,	  and/or	  depolariza8on	  due	  to	  the	  complex	  
core	  structure.	  	  

•  The	  gradient	  of	  frac8onal	  polariza8on	  along	  the	  direc8on	  perpendicular	  to	  the	  jet	  
elonga8on:the	  jet-‐ISM	  interac8on	  at	  the	  loca8ons	  of	  high	  frac8onal	  polariza8on	  
because	  of	  the	  jet	  bulk	  mo8on. 
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VLBI	  morphology	  in	  typical	  CSSs 
•  Most	  high-‐power	  CSSs	  show	  double	  or	  triple	  morphologies	  

(O’Dea	  1998,	  Dallacasa	  et	  al.	  2013) 
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Core,	  core-‐jet	  in	  low-‐power	  CSSs 

•  The	  compact	  core	  only,	  or	  core-‐jet	  structure	  have	  been	  detected	  
in	  rela8vely	  low-‐power	  CSS	  sources	  (Kunert-‐Bajraszewska	  et	  al.	  
2006;	  Kunert-‐Bajraszewska	  &	  Marecki	  2007) 

32 



Evolu8on 
•  Our	  sources	  occupy	  the	  space	  below	  the	  main	  evolu8onary	  

path	  of	  radio	  objects	  (An	  &	  Baan	  2012).	  
•  However,	  the	  difference	  is	  that	  our	  sources	  have	  small	  black	  

hole	  mass	  and	  high	  accre8on	  rate. 
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Comparison	  with	  blazars 
•  The	  central	  engine	  of	  RLNLS1s	  is	  quite	  similar	  to	  blazars:	  the	  jet	  power	  is	  generally	  lower	  than	  

quasars	  and	  BL	  Lacs.	  However,	  once	  normalised	  by	  the	  MBH,	  the	  jet	  power	  are	  consistent	  
with	  each	  other,	  indica8ng	  the	  scalability	  of	  the	  jet	  (Foschini	  et	  al.	  2014).	  	  

•  	  The	  presence	  of	  curvature	  in	  the	  gamma-‐ray	  spectrum,	  similar	  gamma-‐ray	  photon	  index,	  
and	  flux	  variability	  amplitudes	  suggest	  that	  gamma-‐ray	  NLS1s	  could	  be	  similar	  to	  low/
moderate	  jet	  power	  FSRQs	  (Paliya	  et	  al.	  2014). 
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Scenario 
•  The	  ou�lows	  accelerated	  from	  the	  hot	  corona	  above	  the	  disk	  by	  the	  magne8c	  

field	  and	  radia8on	  force,	  with	  high	  mass	  loss	  rate	  but	  low	  speed	  (Cao	  2014).	  
•  (BALQs	  Tb:	  10^9.9	  –	  10^10.9	  with	  median	  value	  of	  10^9.6)	  

•  The	  MBH	  -‐	  Γ	  correla8on:	  the	  faster	  moving	  jets	  are	  magne8cally	  accelerated	  by	  
the	  magne8c	  fields	  threading	  the	  horizon	  of	  more	  rapidly	  rota8ng	  black	  holes	  
(Chai,	  Cao	  & Gu	  2012).	  

•  The	  low	  jet	  speed	  could	  be	  due	  to	  the	  low	  spin,	  supported	  by	  low/intermediate	  
average	  spins	  (a	  <	  0.84)	  from	  composite	  broad	  Fe	  K	  line	  (Liu	  et	  al.	  2015). 
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•  We	  have	  proposed	  24	  hours	  VLBA	  observa8ons	  for	  addi8onal	  20	  
RLNLS1s	  selected	  with	  FIRST	  flux	  limit	  >=6	  mJy.	  

•  All	  sources	  have	  been	  observed	  in	  Nov.	  and	  Dec.	  2014,	  yielding	  
the	  biggest	  sample	  of	  45	  sources	  observed	  with	  VLBI. 
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•  To	  constrain	  the	  bulk	  velocity	  of	  jets,	  we	  proposed	  14	  hours	  
two-‐epoch	  VLBA	  observa8ons	  for	  10	  sources. 

37 



Parent	  popula8on 
•  CSS/GPS	  ?	  (Yuan	  et	  al.	  2008,	  Caccianiga	  et	  al.	  2014):	  large	  viewing	  angle:	  

CSS/GPS;	  small	  viewing	  angle:	  blazar-‐like	  NLS1s.	  
•  Radio-‐quiet	  NLS1s:	  compact	  radio	  structure	  
•  Radio	  galaxies	  in	  spirals	  ?	  PKS	  0558-‐504	  with	  large	  scale	  46	  kpc	  double	  

lobes	  (Gliozzi	  et	  al.	  2010);	  double	  radio	  source	  0313-‐192	  in	  spiral	  (Keel	  et	  
al.	  2006);	  Inskip	  et	  al.	  (2010)	  for	  radio	  sources	  in	  disk	  galaxies.	  
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TABLE 1
SWIFT Observation log of PKS 0558-504

Segment Start time End Time MJD Observing time given in s
(UT) (UT) TXRT TV TB TU TUVW1 TUVM2 TUVW2

001 2008-09-07 08:10 2008-09-07 11:36 54716.41 2215 122 122 122 244 210 488
002 2008-09-08 01:50 2008-09-08 06:50 54717.20 2429 199 199 199 399 358 798
003 2008-09-09 09:52 2008-09-09 11:48 54718.45 2327 191 191 191 381 532 763
004 2008-09-10 00:15 2008-09-10 18:20 54719.39 2203 181 181 181 361 509 724
005 2008-09-11 13:21 2008-09-11 19:59 54720.69 1897 163 163 163 326 344 653
006 2008-09-12 00:36 2008-09-12 05:37 54721.15 2008 155 155 155 310 483 621
007 2008-09-13 15:09 2008-09-13 18:40 54722.68 1869 148 148 148 296 447 594
008 2008-09-14 00:42 2008-09-14 05:40 54723.13 2363 240 240 240 483 682 966
009 2008-09-15 16:56 2008-09-15 21:54 54724.80 2353 184 184 184 369 557 739
010 2008-09-16 07:20 2008-09-16 12:11 54725.90 2072 165 165 165 330 461 660

PKS 0558–504 was observed by XMM-Newton from
September 9, 2008, 1:19 UT to September 16, 2008, 12:02
UT. The EPIC pn and MOS1 cameras were operated
in small window mode, the MOS2 in timing mode, and
both RGS in spectroscopy mode. In the present work
we only use EPIC pn data, which were processed with
the XMM-Newton Science Analysis Software (SAS) 8.0.
The recorded single and double events were screened to
remove known hot pixels and other data flagged as bad:
only data with PATTERN≤4, FLAG=0 were used. A more
detailed description of the XMM-Newton data analysis
can be found in Papadakis et al. (2010a).

2.3. ATCA

Radio monitoring observations of the PKS 0558–504
with the ATCA commenced in April 2006. The observa-
tion session that overlapped with the SWIFT and XMM-
Newtonmonitoring campaign was carried out on Septem-
ber 16, 2008, 22:50 UT. The source showed a slightly
inverted spectrum between 18.5 and 4.8 GHz (α ≃ 0.3,
where the flux density fν is related to the spectral index
α by the relation fν ∝ ν−α). The peak flux density of
0.09±0.01 Jy was measured at 4.8 GHz. Our previous
images at this frequency indicate that almost 80% of ra-
dio intensity originates from the bright unresolved core,
as shown in Figure 1. No flux density fluctuations were
detected on intra-hourly timescales.

2.4. SED fitting

The broadband spectral analysis was performed using
the XSPEC v.12.4 software package (Arnaud 1996). We
used FLX2XSP in FTOOLS to transform the optical and
UV fluxes into suitable units for XSPEC. All the X-ray
spectra were re-binned so that each bin contained at least
20 counts for the χ2 statistic to be valid.

3. RADIO PROPERTIES OF PKS 0558-504

Despite the fact that PKS 0558–504 has been one of
the first radio-loud NLS1 ever discovered, not until this
project its radio properties and activity have been stud-
ied in deserving detail. Our multi-wavelength, radio
monitoring and imaging program with the ATCA and
the VLBI shows the long-term variability pattern sim-
ilar to the flat spectrum, low luminosity compact radio
sources (Falcke et al. 2000). A detailed description of the

Fig. 1.— The ATCA image with the rms of 2× 10−4 Jy/beam was
obtained on the 19th of January 2008. The superimposed contour lines
show isophotes between 2% and 95% of the peak flux density. The
beam size is shown in the bottom left corner.

radio properties will be presented elsewhere (Kedziora-
Chudczer et al. 2010, in preparation). Here we limit our-
selves to briefly discuss the morphology of the radio emis-
sion and the intensity of the source during the SWIFT
and XMM-Newton campaigns in September 2008.
From Figure 1 it is evident that the radio emission

of PKS 0558–504 resembles an FRI radio galaxy that is
characterized by two diffuse lobes located at ∼ 7′′ from
the bright, central core. At the redshift of z = 0.137
the projected linear size of the full structure is close to
46 kpc. Interestingly, the extended radio emission ob-
served in PKS 0558–504 is at odds with the compact
radio structure generally observed in other radio-loud
NLS1s, which are characterized by radio-loudness param-
eters larger than 100 (e.g. Yuan et al. 2008).
Historically, the radio-loudness parameter has been de-

fined as R ≡ Lν(6 cm)/Lν(B) with R = 10 considered as
the conventional boundary between radio-loud and radio-
quiet AGNs (e.g. Kellermann et al. 1994). However,
Ho & Peng (2001) demonstrated that, when the nuclear
luminosities are properly measured, most of the Seyfert
galaxies appear to be radio-loud, indicating that R = 10

Search for the parent population: radio galaxies in spirals 

0313-192 (z=0.067) 

Keel et al. (2006) 

For any number of beamed sources, with bulk Lorentz factor !, 

there should be a number !!2 of un-beamed sources (parent 

population).  

7 ""NLS1 with !!10 # ! 700 NLS1 RG 

One found by Gliozzi et al. (2010) ! talk, which is PKS 

0558-504, but where are the others?? 

Should we search among NLS1 or among RG in spirals? 

46 kpc 

Some cases of RG in spirals are already available in literature, but they 

were not “seen”. Possible misclassification of E with S0, but also the 

opposite (bright S0 are classified as E).  

Some examples found (14), but checking for more sources…  

2 "-ray detections with Fermi: PKS 0336-177 (1LAC) and possibly PKS 

1413+135 (under study); searching for more as data accumulate. 

Inskip et al. (2010, MNRAS, 407, 1739) in a sample of 42 radio sources 

(2Jy sample) found that 12% are hosted in “disk” galaxies. 



Summary 
•  Powerful	  jets	  may	  present	  in	  systems	  with	  small	  Mbh	  and	  high	  

accre8on	  rate,	  e.g.	  NLS1s.	  

•  The	  jet	  proper8es	  of	  very	  radio-‐loud	  NLS1s	  (R>100)	  are	  diverse	  on	  
mas	  scale,	  in	  terms	  of	  the	  morphology	  and	  spectral	  shape.	  

•  There	  may	  be	  8ght	  rela8on	  between	  radio	  loud	  NLS1s	  and	  young	  
radio	  sources	  (e.g.	  CSS).	  

•  The	  slow	  jet	  speed	  or	  less	  rela8vis8c	  jet,	  in	  combina8on	  with	  the	  
low	  kine8c/radio	  power,	  can	  be	  responsible	  for	  the	  compact	  VLBA	  
radio	  structure	  in	  most	  of	  sources. 
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Thanks	  for	  your	  a~en8on	  ! 
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