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Introduction

The study

I The VLBI [Ma et al., 1998,Fey
et al., 2015,Charlot et al., 2020]
and Gaia mission —>
positioning of radiosources from
AGN family (Active Galactic
Nuclei) radio and optical with
precision of 0.1 mas.

I Differences in positions between
radio and optical centroid up to
more than 1 mas are observed
properties of AGNs.

I The blazars make good reference
points due to their lack of
proper motion and parallax.

I Gaia [Prusti et al., 2016,Brown
et al., 2016,Brown et al.,
2018,Brown et al., 2021]—>
provide an ICRF in optical band
with a precision similar to the
VLBI.

I Study aiming at identifying
which mechanisms are behind
the optical emission : is it from a
jet feature – also observable in
radio – or a mix between the jet,
the accretion disk, an extended
halo or host galaxy ?
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Introduction

Different view points on the study

I Reference frame : Differences in
positions prevent from « perfect
» connection between VLBI and
Gaia.

I Astrophysics : the optical
centroids positions seem to be
located downstream but not
always.

Figure – Map of the relatives
positions in radio and optical bands
for the source 0006+061 (IERS
name) between Gaia EDR3 et
ICRF3. The point (0,0) is the
ICRF3 core .
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Les AGN AGNs Classification

AGNs Classification

Figure – Unified theory of the AGNs
classification (Crédits : thèse de
J.Biteau, LLR, Urry Padovani 1995)

I There exist different AGNs
categories, divided in two
families : radio loud and radio
quiet.

I The radio quiet include Seyfert
galaxies and certain quasars,
The radio loud include
radio-galaxies and blazars.

I Blazars are AGNs with a
relativistic jet directed on our
line of sight.
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astrometric approach First approach of the data

First approach of the data

I Data : ICRF3 4588 in total,
4537 sources at 8 GHz, 824 at
22 GHz, 678 at 32 GHz.

I Gaia EDR3 (1.5 M extragalactic
sources) optical counterpart of
the ICRF3 sources : 3477/4537.

I MOJAVE [Lister & Homan,
2005,Lister et al., 2019] study
with the VLBA at 15 GHz, 409
sources with jet features.

I Sample of 350 sources —>
crossing between MOJAVE, Gaia
EDR3 and ICRF3 X (8 GHz).

I We will use the gamma emission
from the Fermi-LAT used by
MOJAVE [Kramarenko et al.,
2021]
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astrometric approach Positions maps

Positions maps

FSRQ class : BL Lac class :
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astrometric approach Positions maps

Positions maps

I Positions and proper motion
were projected in right ascension
and declination.

I Taking into account the errors
and correlations between right
ascension and declination with
the error ellipses.

I The flux for source structure
—> DIFMAP programm.

I The sources are divided
independently of their
classification in the different
types of configurations.

I The positions maps show that
the classification alone of an
object do not permit us to
conclude whether or not the
origin of the optical and radio
emission are the same.
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astrometric approach Core-shift and errors

Core-shift and errors

I We made an error building our
maps —> core-shift, apparent
position of the core depend on
the frequency.

I Identification of the MOJAVE
core (15 GHz) with ICRF3
centroid X (8 GHz).

I Ratio of the offsets due to the
core-shift —> estimation of our
error done by choosing a
reference point.
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I We choose a 0.2 mas error
which is in accordance with of
the estimation we could make
using the results of [Kovalev
et al., 2008]. By choosing a 0.2
mas error we are being cautious.
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astrometric approach Identification

Identification

I Offset feature by feature —>
selection of the minimal
distance.

I For certain sources it is not
always pertinent.

I Error on the offset and if
R/σ < 3 we consider having a
good identification.

I 350 sources : 150 identified to
jet features, 21 don’t have clear
identification, 179 identified to
the core.

Figure – Positions map and proper
motion Gaia and MOJAVE source
0003+380(IERS name).
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astrometric approach Identification

Correlations

I Identification method —>
expected and unexpected
correlations.

I Statistical tests on the 150
sources sample –> correlation
values of 0.3 which at 3σ can be
the result of random gaussian
processes appear.

I The proper motion and distances
seem in good correlation. No
possible conclusion on the
correspondence of proper
motion.

Figure – Graph representing the
significance correlations between
rG,θG,rM ,θM ,vG,ΦG,vM ,ΦM ).
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Photometry

Photometry : angular offset and color index

I The optical offset can come
from a composite emission.

I We look at the angular offset
distribution Ψ = θG − θM . 25
sources at 180°, 110 à 0° —>
preferred directions.

I Peaks —> effect of the jet
affecting the positions. Strong
optical jet structure for Ψ = 0◦.
core-shift, instrumental
resolution, disk emission for
Ψ = 180◦.

Figure – Joint distribution of the angular
offset written Ψ with the distance to the
core of Gaia. The color represents the
source classification.
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Photometry

Photometry : angular offset and color index

I Color index of Gaia : BP −RP
allows to separate the
contributions from the jet and
from the disk.

Figure – Joint distribution of the
angular offset written Ψ and the
color index of Gaia

I We study the two populations at
0° et 180 ° in each of the classes.

I More red than expected —> Jet
domination, expected for the
MOJAVE sources that are
particularly active.
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Photometry

Photometry : angular offset and color index
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Photometry Positions maps

Positions maps

3C66A :

3C120 :

OJ287 :

3C279 :
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Photometry Positions maps

Positions maps

AP lib :

Mrk501 :

BL Lac :

3C454.3 :
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Photometry Gamma emitting sources

Gamma emitting sources

I We investigated the sources
3C66A (0219+428), 3C120
(0430+052), OJ287
(0851+202), 3C279 (1253-055),
AP lib (1514-241), Mrk501
(1652+398), BL Lac
(2200+420) and 3C454.3
(2251+158).

I Except for Mrk501 all the other
sources have their optical
centroid identified with the core
or a feature downstream the jet
very close to the core .

I About half of the sources have
an angle offset near 180° and
the other half near 0°.

I Most of the FSRQ in these
sources have a more blueish
color index than the average of
the sources in our sample, which
indicate that a part of the
optical emission could originate
in the disk or its very closed
vicinity. On the contrary most of
the BL Lac are not particularly
bluer.
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Photometry Gamma emitting sources

Gamma emitting sources

I We conclude that for most of
the gamma emitting sources the
optical centroid seems to be
emitted by the base of the jet or
near it. The offset might be
caused by the emission of the
disk or a core-shift effect.

I This optical emission in the
vicinity of the core may indicate
that the gamma emission also
comes from this part of the
source. However it has yet to be
confirmed.

I The optical emission can reveal
a specifically more active
synchrotron zone and that can
indicate that a gamma emission
zone.

I We must remain cautious as
some other counter examples to
this tendency like Mrk501 exist.
We need to explore this
possibility much further before
we can conclude anything for
certain.
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Conclusion

Conclusion

I Identification —> both the
radio and optic points are indeed
emitted by the same part of the
source (core, jet, disk).

I Existence of correlations
between different quantities both
in optic and radio.

I Joint distributions of the angular
offset Gaia-MOJAVE and the
distance to the core of Gaia or
the color index of Gaia, allow to
constraint the relative
contibutions of the galaxy and
the disk.

I Increasing the sample size with
new refined data.

I Study where the MHD/radiative
simulations would be made to
reconstruct the jets, to take into
account the observed jets and
exploit the different results
already obtained.
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Conclusion

Thank you for your attention !
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