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MANEOES

Relativistic jets in active galactic nuclei (AGN) are the most energetic phenomena
in the Universe. It is widely accepted that AGN jets are ultimately powered by the
“central engine” consisting of a supermassive black hole and an accretion disk, and
radiate nonthermal emission created by highly accelerated particles. The detailed
mechanism of the jet formation and the origin of the high-energy emission are,
however, still longstanding problems in astrophysics. A key to answer these issues is
to probe such sites directly with Very-Long-Baseline-Interferometry (VLBI) — the

ultimate case of interferometry.

In this thesis, we present the VLBI observations of the nearby radio galaxy M 87.
Due to its proximity and intense Y -ray emission, this source is the best target to

explore the above issues.

First, in order to specify the location of the central engine, we report the
astrometric VLBI observations of M 87 using the multi-frequency phase-referencing
technique at 2, 5, 8, 15, 22 and 43 GHz. Specifying the central engine location is the
most important challenge for understanding the jet formation and emission, but its
location has not been determined yet for M 87, due to the opacity effect at the jet
base (a “radio core”). Here we show that, as the jet base becomes more transparent
at higher frequencies, the accurate position measurements of the radio core allow us
to determine the upstream end of the jet, which is supposed to be the most probable
location of the central engine. We have revealed that the central engine of M 87 is
located within 14-23 Schwarzschild radii (Rs) from the 43-GHz radio core. This
provides conclusive evidence that the M87 jet conclusive evidence that the M 87 jet
is launched with a wide opening angle, indicating that the initial jet formation
region is actually béginning to be resolved. On the other hand, the derived
separation between the black hole and the radio core in M 87 is remarkably smaller

than those for some blazars.

Second, following the constraint on the central engine location, we have
extensively investigated the jet structure as a function of the distance from the
central engine, based on the VLBI at 2, 5, 8, 15, 22, 43 and 86 GHz. We revealed
that the M 87 jet maintains a paraboloidal structure over the wide range of distance
from ~100 to ~10° Rs. This is evidence that the M 87 jet is subject to the collimation
process and not reach the final collimation state within this scale. Toward the
central engine, we further found that the size of the radio core smoothly connects
with this jet shape down to a few 10s Rs. On the other hand, based on the 86 GHz

analysis, a possible faster convergence of the flow is suggested around a few 10s to



~10 Rs from the black hole. We discuss the radial profile of the magnetic field using
the core shifts and other literature. We also estimated the expected radial profile of
the jet velocity based on the observed jet shape and the magnetic field. We found
that the inferred gradual acceleration profile can reasonably reproduce the observed
descrepant speeds between the sub-luminal inner jet (~0.4c at 400 Rs) and the
super-luminal outer jet (~4¢ at 4 x 10° Rs).

Third, we have also examined the possible correlation between radio and
Very-High-Energy
(VHE) gamma-ray activities of M 87. Our VLBI observations have successfully
synchronized with a giant VHE flaring episode from M 87 in 2010 April. We have
constrained the location of this VHE gamma-ray flare as the immediate vicinity of
the black hole. We did not detect strongly enhanced activities at the radio band
during the flare. We confirmed the inverted radio core spectra up to 43 GHz during
the flare phase, implying that the VHE emission site is embedded in the optically

thick region at the observed radio band.

In particular, our findings presented here demonstrate critical importances of

future VLBI at submillimeter regime for study of AGN jets.
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