Brief information about the project

Name of the project

Exploring the g-metric with high-resolution multi-
wavelength observations. AP25795219

Relevance

This research focuses on testing the g-metric against
observational data from the EHT and GRAVITY
experiments, providing new insights into the gravitational
properties of compact objects like black holes and neutron
stars. By bridging the gap between theoretical models and
real-world observations, the study will enhance our
understanding of how quadrupole moments affect
gravitational fields, light-bending, and shadows. These
findings contribute to advancing theoretical astrophysics
and observational methods, while also fostering
international collaboration in Kazakhstan’s scientific
community.

Purpose

The aim of the project is to constrain the g-metric, a
theoretical model of deformed compact object spacetime,
using high-resolution observational data from the EHT and
the GRAVITY instrument. This will provide a more
accurate understanding of the gravitational properties of
these objects and bridge the gap between theoretical
models and real-world observations.

Objectives

Task 1: Constraining the g-metric by analyzing radio-
interferometric data from the Event Horizon Telescope,
focusing on the photon ring, black hole shadow, and
bright spots observed around M87 and SgrA*.

Task 2: Comparing theoretical models of orbital motion
with observed near-infrared GRAVITY data,
specifically examining dynamics of bright near-infrared
flares and S-star clusters near SgrA*, to derive
constraints on the g-metric.

Task 3: Predicting observable phenomena, such as
light-bending and gravitational lensing effects, unique
to the g-metric, which can serve as direct observational
probes of spacetime deformations near compact
objects.

Expected and achieved results

1. First-ever constraint on the g-metric derived from
the analysis of radio-interferometric data from the Event
Horizon Telescope, including the study of the photon
ring, black hole shadow, and the interpretation of the
bright spots observed around sources M87 and SgrA*.

At this stage, an analysis was carried out of high-
resolution images of black hole shadows obtained with
the Event Horizon Telescope (EHT). The study focused
on the objects M87 and Sgr A* in order to assess the
influence of the quadrupole moment on the size, shape,
and angular structure of the shadow. The theoretical
predictions of the g-metric were compared with
observational data, which made it possible to estimate
possible quadrupolar deformations. The obtained results
provided observational constraints on the g-metric and




demonstrated its differences from the Kerr and
Schwarzschild models.

2.  First-ever constraint on the g-metric through
comparison of orbital motion with observed near-
infrared GRAVITY data, specifically from bright flares
and S-star clusters near Galactic center supermassive
black hole SgrA*.

Within the framework of this task, theoretical models of
orbital motion based on the g-metric were compared
with near-infrared observational data obtained with the
GRAVITY instrument. The features of the dynamics of
bright infrared flares, as well as the motion of S-class
stars in the immediate vicinity of Sgr A*, were
considered. The necessary observational and
computational data were selected, processed, and
systematized for the subsequent imposition of
constraints on the parameters of the g-metric.

3. Predictions of observable signatures, such as light-
bending and gravitational lensing effects, unique to the g-
metric that could serve as direct probes of spacetime
deformations near compact objects.

The project tasks are being implemented in stages in
accordance with the calendar plan: Tasks 1 and 2 have
been completed, while the implementation of Task 3 is
planned for the next reporting period.
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Usage

The project results can be used to study strong gravitational
fields, analyze the properties of compact astrophysical
objects, and interpret observational data obtained by EHT
and GRAVITY. In addition, the results may be applied in
research activities and in the educational process in
astrophysics and gravitational theory.

Priority compared to real-world
alternatives

The advantage of the project lies in the fact that the g-
metric is considered not only as a theoretical model, but
also as an object for comparison with real observational
data from EHT and GRAVITY. This ensures a more
concrete and application-oriented scientific outcome
compared with similar studies.
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Patents

No patents are planned under the project, since the
research is fundamental and theoretical in nature.




