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AGN: WITH JETS, WITHOUT JETS  

With)jet:4

! )Large)scale)radio)lobes4

! )Compact)luminous)cores)often)with)

apparent)luminal)motions4

Without)jet:4

! )Faint)radio)sources4

! )Emission)confined)to)sub%kpc)scale4

3.1. Notes on the KSR Candidates

The radio sources from our sample that are classified as KSR
candidates and their basic properties are listed in Table 3. The list
includes several KSR sources that were detected at lower fre-
quencies than the present observations that could not be resolved

by the present observations, or that we chose not to reobserve
because they were already knownKSR candidates. These sources
are indicated by references in parentheses. The reported KSR
position angles (P.A.s) refer specifically to extended radio struc-
ture apart from obvious disk emission. The ‘‘extent’’ refers to the
end-to-end (or lobe-to-lobe) extent of the radio source, usually

Fig. 1.—Seyfert galaxies classified as point sources (at the 1500–2000 resolution of the present survey). The 5GHz radio continuum is plotted as contours, and the contour
levels are 3 ! ; (!2; !1; 1; 2; 4; 8; : : :; 512), where ! is the image rms listed in Table 1. A point source has been subtracted at the position of the plus sign. The
horizontal dual-direction arrows are 10 kpc scale bars. The Seyfert identification is annotated in the upper left corner of each panel.
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AGN with JETS 
Radio Loud 

 
X-RAYS: 

Accretion disc + hot corona + jet(?) 



AGN with JETS 
Radio Loud 

LR#

LX#

If both X-rays and radio are jet dominated 



AGN without JETS 
Radio Quiet  

 
X-RAYS: 

Accretion disc + hot corona 

 
RADIO: 



AGN without JETS 
Radio Quiet 

LR#

LX#

If X-rays come from accretion and radio from ? 

?4



AGN without JETS of low luminosity  
Radio Quiet  

RL 

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

Low Luminosity Radio Galaxies  
VLA + Chandra 
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"  X-ray and radio from the same component? 
"  Jet/outflow are disk related (jet, disc-corona) 
 
 



AGN without JETS of high luminosity  
Radio Quiet  
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"  Slope consistent with efficient accretion 

INTEGRAL)AGN)sample4

20%40)keV)4



JET-DISK COUPLING 
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ORIGIN OF RADIO EMISSION IN RADIO QUIET 

ARE WE SURE THAT 
THIS IS A JET? 



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.)20034
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BLR scale! 



references therein). Our observations (Fig. 3) show extended ra-
dio continuum emission associated with the optical disk and,
peculiarly, two compact radio sources offset by! 4000–6000 north-
east and east of the nucleus that resemble a single-sided ejection
structure. The relative brightness and misaligned P.A. of the two

offset sources, however, suggest that they might be associated
with a background source or sources. Figure 4 shows an archi-
val HST WFPC-2 image with the archival VLA 1.5 GHz image
overlaid as contours. The HST image reveals a resolved12 mag
(in F606W) galaxy, which also appears as a faint knot on the

  

Fig. 3.—Seyfert galaxies classified as candidate KSR sources based on either the present observations or observations in the literature. The plotting convention is
identical to that in Fig. 1. Note that two point sources were subtracted from the radio image of NGC 5929 to reveal the underlying disk emission. KSR sources not
resolved by the present observations include NGC 1241, NGC 2992, NGC 5506, and NGC 5929.
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VLA " tens of pc up to kpc scales 
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•  6 and 20 cm survey 

•  90 microJy/beam 

•  Linear scales 0.05 pc @10 
Mpc 

 
 

The European VLBI Network (EVN) 
survey of local nuclei < 22 Mpc 
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!  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–??

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–??

 
!  Flat/inverted spectrum 
!  Steep spectrum 

 
!  Thermal (torus/corona) 
!  Non thermal (jet base) 



NGC 4051 
Giroletti & Panessa, 2009, ApJL 

See)also)Tarchi)et)al.)2011,)A&A4

Girolebi)&)Panessa)2009,)ApJL4

 
Linear size < 0.31 pc 

 (BLR size 0.006 pc) 
 
!  Log L5 GHz/L 2-10 keV < -5.8 
 
 
 
 
 
 
 
 
H2O Maser coincident with core4



Possible physical mechanisms in Radio-Quiet: 
 
 

!  Synchrotron emission from a jet: 

!  Mostly sub-relativistic and weak jets 

!  Possible outflows 

 

!  Free-free emission from a molecular torus or corona 

!  Maybe ADAF 

ORIGIN OF RADIO EMISSION IN RADIO QUIET 



No)significant)correlation)at)VLBI)sub%pc)scales4

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)&)Girolebi)2013)MNRAS4

DISK-JET COUPLING4



Most)of)the)VLA)emission)is)resolved)out!!!4

Panessa)&)Girolebi)2013)MNRAS4

DISK-JET COUPLING4



!  VLA)flux)of)0.6)mJy4

!  VLBI)non)detection!!!4

(3)σ peak)<)90)microJy)at)1.6)GHz)4

%  95)%)of)the)VLA)flux)resolved)at)

20%300)mas)scale4

%  significant)variability4

4

!  Log)L5)GHz/L)2%10)keV)<)%64

4

!  Log)LX/L)EDD)=)%3.24

4

Resolved)radio)emission)or)variable)radio)source?4

NGC 5273: a LLAGN with no jet 

Girolebi)&)Panessa)2009,)ApJL4



SIMULTANEITY - VLBI monitoring of a RQ AGN!4

Panessa)et)al.)in)preparation4

Swift/XRT4

No)conclusive)on)time)lags4

Evidence)of)variability)at)

VLBI)scales!4



BE)CAREFULL)WHEN)USING)RADIO)DATA)4

for)correlations)in)AGN)and)XRB)unification:4
4

4

!  CHECK)SPATIAL)RESOLUTION!)PHYSICAL)SCALE…4

!  CHECK)THERMAL)VS)NON%THERMAL)ORIGIN!4

!  CHECK)THE)EFFICIENCY)STATE)OF)THE)AGN!4



!  Two years post-doc  
!  X-ray/radio + theory of TDE and FRB 
 
"  Jet formation and propagation  
      in different systems 
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