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(] Statistical analysis: correlation between jet viewing angle
and FWHM of Hb broad emission line.

L A model for the central subparsec-scale region and
implications for the BLR structure.
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AGN unification

emission from accretion disk 1s dominant;
emission from the jet is less beamed (BLR
is viewed directly).

Corona

4 Broad-line RGs: accretion disk and
BLR are partially hidden by the torus; jet
emission can be strong if the jet is
relativistic and intrinsically bright.

Accretion disk
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Lobe-dominated FR 11 Pc-scale superluminal jet
structure on kpc-scales Kellermann et al. (1998)

Broad double-peaked Hb emission

line (Shapovalova et al. 2001) Ve, Digmaller Bitiar = 1,16

Leahy & Perly (1995) Apparent speed = 1.5¢

Jet viewing angle ~ 50
Lorentz factor ~2
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Multiwavelength data over 10
yr: optical component is likely
to be opt. thin synchrotron
radiation from the core of the
jet

NED

= No UV bump (the central disk is obscured)
= Non-thermal emission: radio, optical to X-ray
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1. All 9 ejection events are associated with optical flares !
2. Chance probability of this is ~10-10 (the correlation is significant at > 99.99 % ).
3. Opt. continuum emission rises between component D and component S1
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Tavares et al. 2009 (in prep.)

Relative Declination

5C 120 racdio-lotiel ¢jzlziey (2=0.0955)

—10

KPC: broad-line FRII radio galaxy
PC-scale: bright compact jet
Apparent speed: ~5.3

Lorentz factor: ~5 (0.98 c)
Jet viewing angle: ~10 deg
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Jet components: Wity — toptmax®) ~ 0.15 yr.

2 stationary radio features (D, S1) separated 1
by 0.8 mas (0.5 pc). '
9 moving jet components (C4-C12)

Correlation is significant at > 99.9 %
2. Optical emission is enhanced
between components D and S1
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3C 120: interpretation of the dip in the X-ray licht curve
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3C 120 (Marscher et al. 2002)
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Evidence from the soft and hard X-ray data
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Ejections of C5 and C8 components at D occurs after a dip in the X-ray and hardening
of the spectrum (similar to 3C 120; Marscher et al. 2002).
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Thermal radio emission can be generated in the accretion
disk (AD) or above the hot X-ray corona at ~200-1000 Ry
above the AD (Fabian 2004; Ponti et al. 2005).
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The synchrotron radio emission from the core of the jet (S1) is
beamed in the direction of the jet.
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Variations of optical continuurn drive changes of the H
broad-ernission line with a time lag of 20-100 days

(Kaspi et al. 2000; Shapovalova et al. 2002)
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Conventional BLR1: virialized
clouds ionized by disk/corona.

Outflowing and rotating BLR2 Doppler factor = 1.16 Jet
ionized by: Apparent speed = 1.5¢
1. from the jet y
Jet viewing angle ~
(between D and S1). 50
2. from the disk/ Lorentz factor ~2
corona. Beaming angle ~30m

_— BLR2 outflow

| Z BLR1 clouds

; .
0. Accretion

O-/dISk & BH

BLR1/BLR2 are evident around the

epochs of minima in the continuum flux,
when the jet contribution is small. -

BLR2 may be manifested when the jet o
.. ) ) . Dust torus %
emission dominates the optical continuum.
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( onitoring f etsin ctive galactic nuclei with LBA xperiments) is a
long-term program to monitor radio brightness and polarization variations in jets
associated with active galaxies (hitp://www.physics.purdue.edu/MOJAVE).

The MOJAVE program is currently observing over 200 compact
AGN (core+jet) to study their morphology, variability,

kinematics and evolution:

- Radio flux, fractional polarization

- Brightness temperature

- Kinematics and trajectory of ejected jet components
- Doppler factor, viewing angle of the jet

We combined radio data with data available from the optical
spectroscopy of AGN (~150 AGN; 2 m class telescopes in Mexico).

1. Locate the region of energy release and identify the radiation mechanism.
2. Study the link between jet parameters and characteristics of the central engine

(variable continuum and line emission, broad-line emission, BHs, Eddington ratios, BLR).
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Jet viewing angle
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Jet viewing angle
FWHM (H[¥])

N (RL AGN) = 37 (jet viewing angle [¥] 10°)
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Jet viewing angle
FWHM (H[¥])

Negative correlation:

r = 0.38, correlation is significant at 98 % cl

____________

Outflowing + flat BLRs !
(R I N T T TR I T

= HP: Hovatta ct al. (in prep.)
= Ho: Rokaki et al. (2003)

Flat BLR

= Spher. BLR+

0 10 20
Jet viewing angle (deg)

40
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FWHM(H[¥], outflow) ~< 4000 km/s N

2 \ Outflow

5 Clouds
Outflow speed of the broad-line \ -
emitting gas is stratisfied within Viewing angle

angle of ~10° from the jet:

faster layers are near the spine
of the jet (~4000 km/s). ___ BLR2 outflow

BLR1 clouds
2 K

“‘» .3‘ Accretion

O-/dlSk & BH

Dust torus
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Jet viewing angle
BH mass

5 (Hovplta-etalinprep)— For jet viewing angles [¥] 10°
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Jet viewing angle
BH mass

105 Hovatta gtal(n pre For jet viewing angles [¥] 10°

95 — N
! I = BH masses can be overestimated
<§%s by factor of <~ 100.

log(BHM)

1.5 -1 -05 0 0.5 1 1.5 2
log(Viewing angle)
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U The of relativisitic jets are resolved in two
radio-loud galaxies (3C 390.3 and 3C 120) on scales less than one
parsec.

U For these, between optical flares (on timescales of
few monts to few years) and kineamatics of the subprsec-scale jet.

0 We suggest
 Location of the source of optical flares: non- thermal emission from
the subparsec-scale jet.
* Properties of optical flares (timescale, amplitude and frequency)
depends on kinematics and ejection rate of the jet.
« Complex BLR structure: conventional BLR and rotating outflow-BLR
stratisfied within ~10 degrees from the jet.

U Existence of non-virial outflowing BLRs challenges the BH mass
and Eddington ratio estimates for radio-loud compact AGN.
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A sketch of the inner parsec

BLR - two component structure:
% Virilized BLR1 ionized by disk/
corona (D)

x Outflow BLR2 ionized by the non-
thermal beamed emission from the jet
near the VLBI core (S1)

BLR1 is evident around the epochs of minima
in the cont. flux (the jet contribution is small)

BL.R2 may be manifested when the jet
emission dominates the optical continuum.

Relativistic jet -~ Subrelativistic outflow

Feature S1

Jet base, D

Jet parameters

Var. Doppler factor = 1.16
Apparent speed = 1.5¢

Jet viewing angle ~ 500
Lorentz factor ~2

Beaming angle ~300

Distance ~0.4 pc=0.3/sin(50%)



