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bulk metallicity or alpha-element abundance of a 
star, while they are a sensitive function of effective 
temperature and to a moderate extent of surface 
gravity of a star.
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Turbulence plays a crucial role in controlling 
star formation as it produces density fluctuation as 
well as non-thermal pressure against gravity. 
Therefore, turbulence controls the mode and 
tempo of star formation. However, despite a plenty 
of previous studies, the properties of turbulence 
remain poorly understood. As part of the Taeduk 
Radio Astronomy Observatory (TRAO) Key Science 
Program (KSP), “mapping Turbulent properties In 
star-forming MolEcular clouds down to the Sonic 
scale (TIMES; PI: Jeong-Eun Lee)”, we mapped the 
Orion A and the Ophiuchus clouds, in three sets of 
lines (13CO 1-0/C18O 1-0, HCN 1-0/HCO+ 1-0, and 
CS 2-1/N2H+ 1-0) with a high-velocity resolution 
(~0.1 km/s) using the TRAO 14-m telescope. The 
mean Trms for the observed maps are less than 
0.25 K, and all these maps show uniform Trms 
values throughout the observed area. These 
homogeneous and high signal-to-noise ratio data 
provide the best chance to probe the nature of 
turbulence in two different star-forming clouds, 
the Orion A and Ophiuchus clouds. We present 
comparisons between the line intensities of 
different molecular tracers as well as the results of 
a Principal Component Analysis (PCA).
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Most of the stellar mass accretes during the 
early evolutionary stage of protostars. However, 
the accretion process in protostars is in a veil of 
the thick envelope. Monitoring the submillimeter 
emission from the envelope is a way to trace the 
accretion process in protostars since the 
submillimeter emission linearly responses to the 
temperature of the envelope, which is heated by 
the accretion process at the center. In the JCMT 
transient Survey, we detected a submillimeter 
variable, EC 53. EC 53 is a Class 1 protostar that 
was known to have a periodic variation at NIR. EC 
53 has been monitored with United Kingdom 
InfraRed Telescope (UKIRT), Liverpool telescope, 
and JCMT/SCUBA-2 since we detected the 850 μ m 
flux enhancement in the JCMT transient survey. We 
also adopt the photometric data sets of Wide-field 
Infrared Survey Explorer (WISE). Over all 
wavelengths from NIR to submillimeter, we see two 
modes of variation, a 1.5-years periodic variation 
and a long-term increase. We present the light 
curves of EC 53 at multi-wavelengths and discuss 
the cause of variability in EC 53.
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We present the preliminary results on the 
formation of star clusters by cloud-cloud collision. 
For this purpose, we perform sub-parsec scale, 
radiation-hydrodynamic simulations of giant 
molecular clouds using a sink particle algorithm. 
The simulations include photo-ionization, direct 
radiation pressure, and non-thermal radiation 
pressure from infrared and Lyman alpha photons. 
We confirm that radiation feedback from massive 
stars suppresses accretion onto sink particles. We 
examine the collision-induced star formation and 
discuss the possibility on the formation of a 
globular cluster.
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In this poster, we present a relation between the 

Galactic foregrounds and Galactic latitude to study 
the structure of the Galactic foregrounds. We 
propose that the standard deviation of observed 
values along a line of sight with Galactic latitude b 
(‘ ’) is inversely proportional to sin . To 
confirm this, we use synchrotron intensity data 
from the Planck archive and rotation measure (RM) 
data from the NVSS. We divided the sphere of the 
Galactic coordinate into bins with a constant 
surface area and calculated the average of 
standard deviation along Galactic latitude (‘ ’). 
We compared 

sin  with   along Galactic 
latitude and found that 

sin  is the most 
constant. These results support that the relation is 
reasonable. 
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A series of numerical MHD simulations are 
performed to investigate the evolution of coronal 
magnetic fields consisting of two flux ropes and an 
overlying field. Depending on the directions of the 
axial current and the axial field, two co-helicity 
cases and two counter-helicity cases are 
addressed. In Case 1, in which both the axial 
currents and the axial fields are parallel, flux rope 
merging bears a huge flux rope with a large 
winding number. This flux rope naturally erupts, 
but the whole evolutionary process is rather slow. 
In Case 2, in which the axial currents are parallel 
while the axial fields are antiparallel, a self-closed 
structure is formed and it drives eruption. In Case 
3, in which the axial currents are antiparallel and 

the axial fields are parallel, each flux rope erupts 
independently and the presence of the other flux 
rope does not affect the eruption of one flux rope. 
In Case 4, in which both the axial currents and the 
axial fields are antiparallel, interaction of the flux 
ropes and the overlying field effects a breakout 
reconnection creating an apple-like CME 
configuration. Our study tells what kind of 
eruption mechanisms are involved for different 
eruption features observed.  
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To construct a coronal force-free magnetic field, 
we must impose the boundary normal current 
density (or three components of magnetic field) as 
well as the boundary normal field at the 
photosphere as boundary conditions. The only 
method that is known to implement these boundary 
conditions exactly is the method devised by Grad 
and Rubin (1958). However, the Grad-Rubin method 
and all its variations (including the fluxon method) 
suffer from convergence problems. The 
magnetofrictional method and its variations are 
more robust than the Grad-Rubin method in that 
they at least produce a certain solution 
irrespective of whether the global solution is 
compatible with the imposed boundary conditions. 
More than often, the influence of the boundary 
conditions does not reach beyond one or two grid 
planes next to the boundary. We have found that 
the 2D solenoidal gauge condition for vector 
potentials allows us to implement the required 
boundary conditions easily and effectively. The 2D 
solenoidal condition is translated into one scalar 
function. Thus, we need two scalar functions to 
describe the magnetic field. This description is 
quite similar to the Chandrasekhar-Kendall 
representation, but there is a significant difference 
between them. In the latter, the toroidal field has 
both Laplacian and divergence terms while in ours, 
it has only a 2D Laplacian term. The toroidal 
current density is also expressed by a 2D 
Laplacian. Thus, the implementation of boundary 
normal field and current are straightforward and 
their effect can permeate through the whole 
computational domain. In this paper, we will give 
detailed math involved in this formulation and 
discuss possible lateral and top boundary 
conditions and their meanings.


