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Comparison of L-band RadioAstron to MOJAVE data

Supermassive black holes in the centres of radio-loud active galactic nuclei
(AGN) produce collimated relativistic outflows (jets). Space-VLBI observations within the RadioAstron (Kardashev et al. 2013) key science program on
AGN polarization provide images at an unprecedented resolution, which enables us to study the magnetic field strength and morphology in the innermost
regions of AGN jets. 11 of the brightest and highly polarized AGN were observed during observing periods AO-1, -2, -3, -4 and -5 between July 2013
and April 2018, with continuation approved for AO-6 (Pashchenko et al. 2015;
Lobanov et al. 2015; Goméz et al. 2016; Bruni et al. 2017).

RadioAstron

3C 345
We present here images of the strong blazar 3C 345 (1641+399), a flat-spectrum radio quasar at a redshift of z = 0.59 (Marziani et al. 1996). It is coredominated and shows a bending jet at lower frequencies (e. g. Ros et al.
2000; Schinzel et al. 2012).

MOJAVE

Observations
The observations at λ = 18 cm took place on March 30th and March 31st 2016
during AO-3, and with a total of eighteen antennas from a ground array were
observing, complemented by the Spekt-R space telescope. We detect
ground-space fringes up to 9 earth diameters.

Results
We present here the calibrated visibility data and preliminary images of the
source in total intensity.

Top: UV coverage with RadioAstron, with the color scale indicating the minimum brightness temperature inferred from the visibility amplitudes (Lobanov
2015).These measurements imply a brightness temperature in excess of
3.4×1013 Kelvin in the most compact regions of the jet.
Bottom: 3C 345 at 1.6 GHz with RadioAstron, overlaid as contours over the
ground array image obtained from the same observation. The respective synthesized beams of the two images are shown in the lower right corner. The
beam minor axis is 2.326 mas (15.6 pc) for the ground array, and 0.283 mas
(1.9 pc) with RadioAstron. We used a uniform weighting scheme.

Top: Visibility Amplitude and phase as a function of UV radius for 3C 345.
Upper panel: L-band data with RadioAstron. The black data points correspond to the space baselines, red shows the source model (blue contours in
the figure at the bottom panel in the left hand side of the poster); lower panel:
At 15 GHz observed with the VLBA in the MOJAVE survey (see Lister et al.,
th
2009, 2018) at March 5 , 2016. The RadioAstron data show more extended
structure.

Left: Clean map obtained using
natural weighting from the MOJAVE
survey at 15 GHz observed nearly
simultaneously to our RadioAstron
observations. The resolution is
comparable to our L-band RadioAstron image, which consistently recovers the inner jet structure seen
by MOJAVE.

Conclusions
Correlated visibilities between ground and the space telescope have been
found up to a projected baseline distance of ~9 earth diameters. 3C 345 was
successfully observed with RadioAstron with sub-mas resolution, corresponding to a projected distance of 1.9 pc or ~5000 gravitational radii for a black
9
4×10
M sol (Lobanov 1998). The visibility data imply the presence
hole mass of
13
of emitting regions with the brightness temperature in excess of 3.4×10 K.
These results in total intensity suggest promising future findings also for the
polarization data.
References
- Bruni, G. et al. 2017, A&A 604, A111
- Deller, A. T. et al., 2011, PASP 123, 275
- Goméz, J. L. et al., 2016, ApJ 817, 96
- Kardashev, N. S. et al. 2013, Astron. Rep. 57,
153
- Lister, M. L. et al., 2009, AJ 137, 3718
- Lister, M. L. et al., 2018, ApJS 232, 12
- Lobanov, A. P., 1998, A&A 330, 79
- Lobanov, A. P., 2015, A&A 574, A84
- Lobanov, A. P. et al., 2015, A&A 583, A100
- Marziani, P. et al., 1996, ApJS 104, 37
- Pashchenko, I. N. et al., 2015, Cosmic
Research 53, 199
- Ros, E. et al., 2000, A&A 354, 55
- Schinzel, F. et al. 2012, A&A, 537, 70

Acknowledgements
The RadioAstron project is led by the Astro Space Center of the
Lebedev Physical Institute of the Russian Academy of Sciences and
the Lavochkin Scientific and Production Association under a contract
with the State Space Corporation ROSCOSMOS, in collaboration with
partner organizations in Russia and other countries. Partly based on
observations performed with radio telescopes of IAA RAS (Federal
State Budget Scientific Organization Institue of Applied Astronomy of
Russian Academy of Sciences). The European VLBI Network is a
joint facility of independent European, African, Asian, and North American radio astronomy institutes.Scientific results from data presented
in this publication are derived from the following EVN project code(s):
GG079A. Partly based on observations with the Medicina (Noto) telescope operated by INAF - Istituto di Radioastronomia. The National
Radio Astronomy Observatory is a facility of the National Science
Foundation operated under cooperative agreement by Associated
Universities, Inc. The Green Bank Observatory is a facility of the National Science Foundation operated under cooperative agreement by
Associated Universities, Inc. This work is based in part on observations carried out using the 32-meter radio telescope operated by
Torun Centre for Astronomy of Nicolaus Copernicus University in
Torun (Poland) and supported by the Polish Ministry of Science and
Higher Education SpUB grant. This research has made use of data
from the MOJAVE database that is maintained by the MOJAVE team
(see Lister et al. 2009, 2018). Partly based on observations with the
100-m telescope of the MPIfR (Max-Planck-Institut für Radioastronomie) at Effelsberg. The data were correlated at the DiFX correlator (Deller et al. 2011) of the MPIfR at Bonn.

