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structural and photometric properties of dwarf 
candidates such as effective radius, central surface 
brightness, Sérsic index, and absolute magnitude 
appear to be consistent with those of known dwarf 
galaxies in nearby groups and clusters, except for 
color. NGC 1291, residing in a relatively isolated 
environment, tends to accompany bluer dwarf 
galaxies (<B-V>≃0.58) than those in denser 
environment. It shows that the quenching of 
dwarfs is susceptible to the environment. 
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We trace the cosmological origin of satellites 
around isolated dwarf galaxies using a very high 
resolution (12 pc/h) cosmological hydrodynamic 
zoom simulation. To realistically describe the 
formation and evolution of small-mass stellar 
satellites, our model includes a full baryonic 
physics treatment. We find that the mini-halos 
form objects resembling dwarf galaxies. The 
majority of their star forming gas is accreted after 
reionization, thus the survival of a mini-halo’s gas 
to reionization is not an important factor. Instead, 
the key factor seems to be the ability for a 
mini-halo to cool its recently accreted gas, which 
is more efficient in more massive halos. Although 
the host galaxy is only a dwarf galaxy itself, we 
find that ram pressure is an efficient means by 
which accreted mini-halos lose their gas content, 
both by interacting with hot halo gas but also in 
direct collisions with the gas disk of the host. The 
satellites are also disrupted by the tidal forces near 
the center of the host galaxy. Compared to the 
disrupted satellites, surviving satellites are 
relatively more massive, but tend to infall later into 
the host galaxy, thus reducing the time they are 
subjected to destructive environmental 
mechanisms and dynamical friction.
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Diffuse radio emissions at the outskirt of 

merging galaxy clusters called radio relics provide 
a unique channel to understand the merger 
history. We present a recent discovery of double 
radio relics in the cluster merger ZwCL1447+2619 
from our recent Giant Metrewave Radio Telescope 
observations. Both Band 3 (300-500 MHz) and Band 
4 (550-850 MHz) data reveal a large (~1Mpc) and 
thin (~40kpc) radio relic ~1Mpc from the cluster 
X-ray center and a small radio relic (~0.3 Mpc) on 
the opposite side. These remarkable radio data 
together with Subaru weak-lensing analysis and 
Chandra X-ray observations enable us to 
reconstruct the merger scenario. Our preliminary 
analysis suggests that the cluster ZwCL J1447+2619 
is a post-merger near its returning phase. In 
addition, using Keck DEIMOS spectroscopy, we find 
many “green” and “blue” member galaxies are 
located between the radio relics, a possible 
indication of merger shock-driven star formation 
activities.
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Ram pressure stripping due to the intracluster 
medium (ICM) is an important environmental 
process, which causes star formation quenching by 
effectively removing cold interstellar gas from 
galaxies in dense environments. The evidence of 
diffuse atomic gas stripping has been reported in 
several HI imaging studies. However, it is still 
under debate whether molecular gas (i.e., a more 
direct ingredient for star formation) can be also 
affected and/or stripped by ram pressure. The 
goal of this thesis is to understand the impact of 
ram pressure on the molecular gas content of 
cluster galaxies and hence star formation activity. 
To achieve this, we conducted a series of detailed 
studies on the molecular gas properties of three 
Virgo spiral galaxies with clear signs of active HI 
gas stripping (NGC 4330, NGC 4402, and NGC 4522) 
based on high-resolution CO data obtained from 
the Submillimeter Array (SMA) and Atacama Large 
Millimeter/submillimeter Array (ALMA). As a result, 
we find the evidence that the molecular gas disk 
also gets affected by ram pressure in similar ways 
as HI even well inside of the stellar disk. In 
addition, we detected extraplanar 13CO clumps in 
one of the sample, which is the first case ever 
reported in ram pressure stripped galaxies. By 
analyzing multi-wavelength data (e.g., Hα, UV, HI, 
and CO), we discuss detailed processes of how ram 
pressure affects star formation activities and 
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hence evolution of cluster galaxies. We also 
discuss the origin of extraplanar 13CO, and how 
ram pressure can potentially contribute to the 
chemical evolution of the ICM.
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We report progress on identifying cosmic voids 
using cluster halos as the antipode. According to 
the standard scenario of structure formation, 
clusters are expected to form at peaks of the initial 
density field, whereas cosmic voids form at 
troughs. Then, a cluster would be a void if the sign 
of the initial density fluctuation of the universe 
were inverted. To study the relevance of 
anti-structures of clusters to cosmic voids, we use 
a pair of simulations whose initial density fields are 
sign inverted versions to each other. By examining 
the spatial distribution and environment of the 
particles in inverted simulation, which are the 
member particles of clusters in the other 
simulation, we discuss the characteristics of the 
antipode structures of clusters including their size, 
density, internal structure, and redshift evolution 
as well.
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허블 텐션이란 허블우주망원경으로 관측한 허블상수 값
과 플랑크 위성으로 측정한 허블상수 값이 일치하지 않는 
문제를 일컬으며 현재 우주론에서 주목 받는 이슈 중 하나
이다. 밀도가 작은 지역에선 약한 중력으로 공간의 팽창이 
빠르고, 반대로 밀도가 큰 지역에서는 팽창이 느리다. 만
약, 우리 근처에서 상대적으로 낮은 밀도 때문에 팽창 속
도의 차이가 생긴다면 허블 텐션의 원인을 쉽게 설명할 수 
있다. 이 문제를 구체적으로 다루기 위해, 우리는 우주 상
수를 고려한 아인슈타인 중력의 구형 우주론 풀이인 
Lambda-Lemaître-Tolman (ΛLT) 모형을 사용하였다. 
우리로부터 먼 현상은 기존의 ΛCDM(Λ cold dark 
matter) 모형으로, 가까운 현상은 국소적인 LT 모형으로 
기술함으로써 허블 텐션 문제를 해결하고자 하였다. 또한, 
마코프 체인 몬테 칼로 (MCMC) 방법을 적용하여 천문 관
측 결과를 잘 맞추는 ΛLT 모형의 변수들을 탐색하였다.
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Our recent observations of the Sun through 
strong spectral lines have revealed several 
important properties of the three-minute umbral 
oscillations inside sunspots -- the oscillations of 
intensity and Doppler velocity with periods of 2 to 
3 minutes. The oscillations usually occur in the 
form of a time series of oscillation packets each of 
which lasts 10 to 20 minutes, not as continuous 
trains.  Each oscillation packet is characterized by 
a singly peaked power spectrum of velocity 
oscillation. The oscillations propagate in the 
vertical direction from the photosphere to the 
corona. In the upper chromosphere, they develop 
into shocks that eventually collide with the 
transition region. When shocks propagate along a 
highly inclined direction, the merging of two 
successive shocks can take place. Once they enter 
the corona, they change to linear compressional 
waves. In the image plane, the three-minute 
oscillations propagate with high speeds in the 
transverse direction as well, usually propagating 
radially outwards from a point, and sometimes 
accompanying spiraling patterns of Doppler 
velocity. These observational properties can be 
theoretically explained by postulating the 
spatio-temporally localized source of fast MHD 
waves at a depth of about 2000 km below the 
surface, the excitation of slow MHD waves via 
mode conversion near the photosphere, and the 
resonance of the slow waves in the photospheric 
layer below the temperature minimum, and the 
nonlinear development of slow waves in the 
chromosphere.
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Interplanetary coronal mass ejections (ICMEs) 


