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研究項目簡介： My research includes various aspects of theoretical astrophysics.  The main focus is on the application of General Relativity (GR) to astrophysical phenomena.  Several ongoing projects are described below.
Formation of Supermassive Black Holes

From the observations of distant quasars, black holes of several billion solar masses are believed to exist even when the Universe was less than one billion years old after the Big Bang. Standard scenario of forming these black holes from merging smaller ones requires much too long a time scale.  We have developed a theoretical model based on General Relativistic calculations that describes the formation of massive black hole directly from collapsing primordial clouds.  If the initial cloud is threaded by magnetic fields, the resulting black hole will likely wear a “magnetic toupee”, in which all the information on accretion history is encoded.  In principle, this information can be extracted and retrieved by future X-ray observations.
Jets from Black Holes and Young Stars
The formation of jets from accreting systems has been an outstanding problem in astrophysics.  Based on the assumptions of magnetohydrodynamics, we have formulated a theory known as the X-wind.  In this theory, a fraction of the accreting matter climbs onto the magnetic field lines, and is accelerated to supersonic speeds by centrifugal effects.  The outflow is then collimated by the magnetic hoop stress to acquire a jet-like appearance.  The X-wind theory has been successfully applied to the study of star formation, and is being extended into relativistic gravity in order to describe black hole jets.
Density and Bending Waves in Proto-Planetary Disks
Recently several proto-planetary disks surrounding young stars have been discovered to have spiral like structures.  Much like the spiral in galaxies, these structures are believed to be the result of non-axisymmetric gravitational potential.  In one particular example, the rotational velocity on the spiral deviates from the expected Keplerian value by as much as 50%.  It is an indication that a planet is being formed in the disk, which gives rise to density and bending waves. Using a perturbation technique, we have been analyzing the excitation mechanism and propagation of these waves.  By comparing to observation, we are hoping to infer the mass and orbit of the unseen planet.
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