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RQ and RL AGN 

 
X-RAYS: 

Accretion disc + hot corona (+jet) 

 
RADIO-QUIET: 

Weak jet? SB? Torus? 

 
RADIO-LOUD: 
Poweful jets 



 
How do X-ray and radio 

luminosities change depending 
on the accretion rate  
(and Luminosity)? 
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Analogy with black hole X-ray binaries 

X-ray/radio emission vs accretion 



X-ray Luminosity (LEdd)
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RL 

RQ 

Optically selected sample: L2-10 keV  vs.  LRadio 

 X-ray and radio from the  
    same component? 
 Jet/outflow are disk related 
    (jet, disc-corona) 
 
 

Low Luminosity RQ AGN (Palomar) 
VLA + Chandra/XMM 

Low Luminosity Radio Galaxies 
VLA + Chandra 

Panessa et al. 2007 A&A 

VLA 



Hard X-ray selected sample 

INTEGRAL sample of 79 luminous AGN: 
  -> INTEGRAL 20-100 keV 

  -> 2-10 keV X-ray data  
  -> NVSS radio data 

  Significant correlation 
  Slope consistent with efficient accretion 

(Panessa et al. accepted, MNRAS) 



milliarcsecond-resolution imaging using the VLBA resolved
some of the MERLIN components and identified at least eight
separate regions of radio emission, A–H (Ulvestad et al. 1998).
The correspondence among the different radio components is
shown in Figure 1 (top), reproduced fromMundell et al. (2003).
The highest resolution 1.4 GHz VLBI images indicate that the
average jet direction incorporates a number of sharp changes in
position angle, possibly related to jet interactionswith the circum-
nuclear environment (Mundell et al. 2003). In this paper we dis-
cuss only theVLBAcomponentsD andE, corresponding toC4W
and C4E in the MERLIN scheme; no other components were de-
tected at our high resolution.

Mundell et al. (1995) hypothesized that the nucleus of the
active galaxy is located in VLBA component D, based largely
on the lack of H i absorption toward that radio component and
the expectation that the inner part of any nuclear torus or accre-
tion disk would be ionized by the active galactic nucleus (AGN).
In contrast, Ulvestad et al. (1998) suggested that VLBA com-
ponent E, located 7 pc farther east, is the actual AGN on the basis
of the possible presence of a subcomponent with a flat radio spec-
trum. However, high-resolution VLBA imaging of NGC 4151
recently has shown that all parts of component E exhibit H i ab-
sorption, making it unlikely that it includes the AGN, and there-
fore supporting the identification of component D as the galaxy
nucleus (Mundell et al. 2003).

Hubble Space Telescope (HST ) images of NGC 4151 with
the Wide Field Planetary Camera 1 (WFPC1) and the Faint

Object Camera revealed a 300 narrow-line region with a bicon-
ical form (Evans et al. 1993; Boksenberg et al. 1995); more
details of the conical structure and the kinematics of the narrow-
line region have been revealed in the WFPC2 and Faint Object
Spectrograph program carried out by Hutchings et al. (1998).
Both a compact hard X-ray source and extended soft X-ray emis-
sion have been detected at or near the nucleus (Elvis et al. 1983;
Weaver et al. 1994; Yang et al. 2001). Near-infrared variability
(Minezaki et al. 2004) and interferometric imaging (Swain et al.
2003) indicate the presence of a dust torus with an inner radius
of!0.05 pc, possibly with a geometrically thin accretion disk at
a smaller radius. Placing these small components in context and
studying the physical properties of the core of the AGN is pos-
sible only if there is a secure identification of the radio nucleus
of the galaxy. In this paper we report high-sensitivity VLBI im-
aging of NGC 4151 that identifies the flat-spectrum radio nu-
cleus of the galaxy and also provides the lowest upper limit to
date on relative parsec-scale component speeds in any Seyfert
galaxy.

2. VLBI OBSERVATIONS AND IMAGING

2.1. Observations

NGC 4151 was observed in dual-circular polarization at 5.0
and 8.4 GHz (6 and 3.6 cm wavelengths, respectively), using
the 10 25 m antennas of the VLBA (Napier et al. 1993) together
with the phased VLA (27 25 m antennas), for a total of 12 hr on

Fig. 1.—Top: VLBA image of the NGC 4151 jet, from Mundell et al. (2003), showing the nomenclature for the radio components. Bottom: 15.3 GHz VLA image
of NGC 4151 at epoch 2002.37 from the current observations. Components X, D, E, and F from the top panel are all included in the component marked ‘‘Nucleus’’
in the bottom panel. The restoring beam for the VLA image is 0B32 ; 0B15 in position angle 84". Contour levels begin at 3 times the rms noise of 141 !Jy beam#1

and increase by factors of 2. The scale of the VLA image differs slightly from the VLBA image because of the much larger beam size.

MILLIARCSECOND AGN OF NGC 4151 937

Ulvestad et al. 2005 

VLBI  < 0.1 pc 

NVSS  up to tens of kpc 

VLA  tens of pc up to kpc scales 

NGC4151 D = 20 Mpc 

Mundell et al. 2003 

VLA 

VLBI 

NVSS 



 
 

Giroletti & Panessa 2009, Bontempi et al. 2012, Panessa & Giroletti 2013 MNRAS  
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EVN Survey of 23  

Seyfert nuclei 
 
 

•  6 and 20 cm survey 

•  90 microJy/beam 

•  Linear scales 0.05 pc 
@10 Mpc 

 
 



Are sub-pc radio cores ubiquitous? 

 
 

 
At 20 cm (1.4 GHz): 
•  NVSS : 26/28 (93%)  
•  VLA : 18/28 (64%) 
•  VLBI : 12/21 (57%) 
 
At 6 cm (5 GHz): 
•  VLA : 23/28 (82%)  
•  VLBI : 13/21 (62%) 
 

•  Lower detection rate with 
respect to VLA 

•  RQ nuclei are less 
ubiquitous at VLBI spatial 
scale resolution 

Water maser detection rate of 26%  
 compared to 7% of maser surveys  
(Braatz et al.1997) 



X-ray versus Radio correlation 

No significant correlation at EVN sub-pc scales 

ty 1 - flat sp

ty 2 - flat sp

ty 1 - steep sp

ty 2 - steep sp

ty 1 - flat sp

ty 2 - flat sp

ty 1 - steep sp

ty 2 - steep sp

Panessa & Giroletti 2013 MNRAS 



VLBI Morphology  

 
 

 
  Single compact 
  Double at one freq. 
  Double at both freq. 
  Jet like structure 
  Non detection (8/23) 

6 Bontempi, Giroletti, Panessa, Orienti, Doi
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Figure 1. Images of NGC3227 at 1.7 GHz (left) and 5 GHz (right). Contours are traced at (!1, 1, 2, 4, . . .)" the # 3! noise level, which
is 0.13 and 0.08 mJy beam!1 at 1.7 and 5 GHz, respectively. HPBWs are shown in the lower left corner, and their size is 2.9 mas " 17.3
mas in P.A. !44" and 7.2 mas " 13.5 mas in P.A. 50" at 1.7 and 5 GHz, respectively.
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Figure 2. NGC3982 at 1.7 GHz (left) and 5 GHz (right). Contours are traced at (!1, 1, 2, 4, . . .)" the # 3! noise level, which is 0.20
and 0.09 mJy beam!1 at 1.7 and 5 GHz, respectively. HPBW are shown in the lower left corner, and their size is 6.4 mas " 11.4 mas in
P.A. 4" and 5.7 mas " 6.8 mas in P.A. 85" at 1.7 and 5 GHz, respectively.

c$ 2002 RAS, MNRAS 000, 1–??
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Figure 3. NGC4138 at 1.7 GHz (left) and 5 GHz (right). Contours are traced at (!1, 1, 2, 4, . . .)" the # 3! noise level, which is 0.14
and 0.09 mJy beam!1 at 1.7 and 5 GHz, respectively. HPBW are shown in the lower left corner, and their size is 8.5 mas " 17.7 mas in
P.A. 14" and 2.4 mas " 3.7 mas in P.A. 8" at 1.7 and 5 GHz, respectively.

c$ 2002 RAS, MNRAS 000, 1–??
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is 0.13 and 0.08 mJy beam!1 at 1.7 and 5 GHz, respectively. HPBWs are shown in the lower left corner, and their size is 2.9 mas " 17.3
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Figure 2. NGC3982 at 1.7 GHz (left) and 5 GHz (right). Contours are traced at (!1, 1, 2, 4, . . .)" the # 3! noise level, which is 0.20
and 0.09 mJy beam!1 at 1.7 and 5 GHz, respectively. HPBW are shown in the lower left corner, and their size is 6.4 mas " 11.4 mas in
P.A. 4" and 5.7 mas " 6.8 mas in P.A. 85" at 1.7 and 5 GHz, respectively.

c$ 2002 RAS, MNRAS 000, 1–??



Brightness Temperatures and Spectral Slopes 

 
 

 
  Peak at relatively low brightness 

temperature: 
  thermal vs non-thermal 

  low T(B) are found in type 2   
 
 
 
 
 
 
  Radio spectral slope equally distributed 
 between steep, flat and inverted: 

   no correlation between the slope and the 
optical spectral class type1 vs type2  

  



NGC 4051 
Giroletti & Panessa, 2009, ApJL 

See also Tarchi et al. 2011, A&A 

Girolec & Panessa 2009, ApJL 

 
Linear size < 0.31 pc 

 (BLR size 0.006 pc) 
 
  Log L5 GHz/L 2-10 keV < -5.8 
 
 
 
 
 
 
 
 
H2O Maser coincident with core 



  VLA flux of 0.6 mJy 

  VLBI non detec8on!!! 
(3 σ peak < 90 microJy at 1.6 GHz) 
‐  95 % of the VLA flux resolved at 

20‐300 mas scale 
‐  significant variability 
 

  Log L5 GHz/L 2‐10 keV < ‐6 
 
  Log LX/L EDD = ‐3.2 
 

Resolved radio emission or variable radio source? 

NGC 5273: a LLAGN with no jet 

Girolec & Panessa 2009, ApJL 



 
 The X-ray vs radio correlation holds at pc-kpc scales 
  extended emission connected to the X-ray activity 

 
 Spectral slope consistent with efficient branch for luminous AGN 

 
   No correlation with EVN sub-pc luminosities 
 
   At EVN angular resolution  5-100% of emission is resolved 
     the sub-pc cores are extremely RADIO QUIET and heterogeneous 

 

Conclusions 



Origin of radio emission in Radio Quiet 
Possible physical mechanisms in Radio-Quiet: 
 
 

  Synchrotron emission from a jet: 

  Rela8vis8c? Sub‐rela8vis8c? Weak jet? Ourlow? 

  Free‐free emission from a molecular torus or corona? 

  ADAF? CDAF? RIAF? … 



 
VLA Survey of  
Seyfert nuclei 

 
(Ho&Ulvestad 2000): 

 
•  6 and 20 cm survey 

•  0.12 mJy/beam – 1” 

•  Linear scales 10-100 pc 

•  64% detected at 20 cm 

•  82% detected at 6 cm 

•  Compact unresolved 
cores + extended linear 
structures 

•  Spectral slopes from 
steep to flat/inverted 

 
 
 



VLBI Observations of a distance limited 
Complete Sample of Seyferts 

 
  Complete sample of 28 Seyfert nearby galaxies  
 
  For the first time sources with S < 1 mJy (VLA cores) 

  European VLBI Network new observations to 
complete the sample at mas scales of 
23/28 nuclei 
  
 
 



VLBI Observations of Radio Quiet Nuclei 

  Compactness of the source (ADAF < 104 RS) 

  Brightness temperature limits (high TB -> non thermal emission) 
 
  Spectral indeces (steep, flat or inverted --> Synch, ADAF or SSA) 
 
  Motions (relativistic/sub-relativistic) 
 

Discriminate between jet synchrontron, SSA, ADAF, free-free 
emission?    
 
Physical constraints: 



  Type 1.9 Seyfert galaxy 

  Several VLA detections up to 15 GHz, flat 
spectrum (Falcke et al. 1998) 

  Detected at 1.6 GHz (not at 5 GHz) 
-> very steep α > 1.3 

 
  Compact radio emission at 1.3 mJy 

  Extension of 6 mas (0.48 pc) 

  TB = 1.3 x 106 K 

  H2O Maser emission 

  Log L5 GHz/L 2-10 keV < -6.1 & Log LX/L EDD =-3.17 

No ADAF (steep α, 106 RS) --> Free-free emission from the torus? 

Type 2 Seyfert: NGC 4388 



Resolved radio emission at sub-pc scales 

ty 1 - flat sp

ty 2 - flat sp

ty 1 - steep sp

ty 2 - steep sp

ty 1 - flat sp
ty 2 - flat sp
ty 1 - steep sp
ty 2 - steep sp

Panessa&Giroletti 2013 MNRAS, submitted 



ty 1 - flat sp
ty 2 - flat sp
ty 1 - steep sp
ty 2 - steep sp

ty 1 - flat sp
ty 2 - flat sp
ty 1 - steep sp
ty 2 - steep sp

Panessa&Giroletti 2013 MNRAS, submitted 

Radio power versus Eddington ratio 




