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# SC# B Structure of the Central Engine in NGC 4261
Revealed by Core Shift Measurements

The compact regions in some galaxies generate a huge amount of energy
and a various characteristic activities from radio thorough gamma rays,
which called active galactic nuclei (AGNs). It is widely believed that the
powerful energy and activities originate from a release of gravity energy
onto a super massive black hole (SMBH) from an accretion disk and this is
a central engine of AGNs. The parts of energy and matter can eject in the
form of jets, which have relativistic speed and emit non-thermal
synchrotron. A central engine and jets are most essential components for
understanding the phenomena of AGNs. However, there are some remaining
problems on the black hole, the accretion disk and the jet, respectively. We
do not know the position of the black hole with a sufficient accuracy, the
form and the state of the accretion disk and the details of the jet
mechanism such as the originating point and the form.

The main goal of this thesis is to determine the position of the black hole
and to reveal the structure of the central engine and the jet mechanism. For
this purpose, it is important to observe directly the location of generating
the jet and the accreting the matter with the highest spatial resolution
using very long baseline interferometry (VLBI). Additionally, I measure
core positions with a high accuracy using multi-frequency astrometry
observations and phase-referencing technique. A radio core represents the
peak flux in VLBI images located at the base of jets. It appears different
positions depending on frequencies, which is known as“ core shift 7, caused
by absorption of the core emission. I select the best target source NGC 4261
for this research because it is nearby radio galaxy, has prominent two-sided
jets and is a candidate of the accretion disk with sub-parsec scale.

I analyzed the core shifts to measure the core positions in both
approaching and counter jet side to determine the position of the central
engine in NGC 4261. The position of the core at infinity of frequency, which
indicates the emission peak with no absorption, was separated by 82+16 pas
from 43 GHz core position, corresponding to 31060 Rs (Schwarzschild
radius). Additionally, it is found that the core (innermost component) in
counter jet side appeared to approach to the same position. I confirm for the
first time that the position of the jet base is coincided with the black hole in
NGC4261. Following this determination, I investigated the structure of the
accretion disk relative to the position of the black hole. Spectral index maps
obtained by phase referencing technique indicate that the emission of the
counter jet is affected by free—free absorption (FFA). It is consistent with
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the core shift profile on counter jet side because the core positions at 5-15
GHz cannot be explained for a simple synchrotron self-absorption (SSA)
model. A possible solution is the SSA core shift with an additional disk-like
absorber. The disk opacity profile at the counter jet side indicates the
optical depth changes dramatically into optically thin at inner than the 22
GHz core position. I propose two-component structure; radiatively
inefficient accretion flow (RIAF) at the inner region and a truncated disk in
the outer region.

I also examined the form of the jet through the range from 1073 —10"9 Rs
in NGC4261. Using Very Large Array (VLA) data in addition to VLBA data,
I measured the jet width relative to the distance from the black hole. I
found that the jet shape is maintained with almost conical (W e r*a, a =
0.91+0.03, where W and r are the jet radius and the distance from the black
hole, respectively) from parsec scale to kilo-parsec scale in outer region.
This is clearly distinct from another nearby radio galaxy, M87, whose shape
of the jet transitions in the region of the Bondi radius; the upstream jet
maintains a parabolic shape and the downstream jet is a conical shape.
Comparison of the shapes between them indicates that the jet of NGC 4261
is less accelerated while that of M87 is extremely accelerated from the
modest velocity to almost light speed.
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