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Formation and dynamical evolution of protostars and protoplanetary disks
in turbulent molecular cloud cores
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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Formation and dynamical evolution of protostars and protoplanetary disks

in turbulent molecular cloud cores

Name: Daisuke Takaishi

This thesis summarizes the effects of turbulence of the molecular cloud cores on the formation and
dynamical evolution of protostars and protoplanetary disks.

Chapter 1 gives an overview of previous theoretical and observational studies on the formation and
evolution of protostars and protoplanetary disks. It specifically describes the latest research findings and
unresolved issues obtained from observational studies using instruments like the Kepler Space Telescope,
Subaru Telescope, ALMA Telescope, as well as theoretical research involving numerical simulations.

Chapter 2 outlines the fluid dynamics and magnetohydrodynamics (MHD) simulations used in this study.
The Smoothed Particle Hydrodynamics (SPH) method is employed to simulate the gravitational collapse of
the molecular cloud cores. The sink particle method is introduced to calculate the long-term evolution of
protostars and protoplanetary disks. We introduce these numerical methods in this chapter.

Chapter 3 reports the research on the misalignment of the rotational axes of protostars and protoplanetary
disks formed in the turbulent molecular cloud cores. The results show that the rotation axis of the protostar
is not always aligned with that of the protoplanetary disk at the early phase of the evolution. In contrast, the
rotation axis of the protostar is gradually aligned with that of the protoplanetary disk in a timescale of
10,000 years after the protostar formation. The results provide the constraints on the formation mechanisms
of the exoplanets that have the orbital planes misaligned relative to the spin axis of their hos stars.

Chapter 4 present the research on the new formation scenario of a counter-rotating protoplanetary disk
formed by the spiral-arm accretion from a circumbinary disk in a triple protostar system. This new
formation pathway during the disk evolution in Class 0/I Young Stellar Objects (YSOs) possibly explains
the counter-rotating disks recently discovered by the ALMA observations.

Chapter 5 reports the research on the formation and early evolution of the protostars and protoplanetary
disks formed in the magnetized turbulent cloud cores. We perform the three-dimensional non-ideal MHD
simulations and find that the unipolar outflows are driven by the low-mass protostars and protoplanetary
disks formed in the weakly magnetized cases.

Chapter 6 summarizes the achievements of the research and provides the effect of the turbulence in the
molecular cloud cores on the formation and early evolution of protostars and protoplanetary disks.





