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sub-galactic structures around isolated dwarf 

galaxies using cosmological hydrodynamic zoom 

simulations. For this, we modify a cosmological 

hydrodynamic code, GADGET-3, in a way that 

includes gas cooling down to T~10K, gas heating by 

universal reionization when z < 8.9, UV shielding 

for high density regions of nshield > 0.014cm-3, star 

formation in the dense regions (nH > 100cm-3), and 

supernova feedback. To get good statistics, we 

perform three different simulations for different 

target galaxies of the same mass of ~10
10Msun. Each 

simulation starts in a cubic box of a side length of 

1Mpc/h with 17 million particles from z = 49. The 

mass of dark matter (DM) and gas particle is MDM = 

4.1×10
3 Msun and Mgas = 7.9×102 Msun, respectively, 

thus each satellite sub-galactic structure can be 

resolved with more than hundreds or thousands 

particles. We analyze total 90 sub-galactic 

structures that have formed outside of the main 

halos but infall the main halos. We found that 1) 

mini halos that interact more with the other mini 

halos tend to accrete the more mass, 2) mini halos 

that interact more before the reionization tend to 

form more stars, 3) mini halos with the more 

interaction tend to approach closer to the galactic 

center and have the lower orbital circularity, 4) 

survivals even in the strong tidal fields evolve 

baryon dominated system, such as globular 

clusters. 
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Recent integral-field spectrograph surveys have 

found that similar-looking early type galaxies have 

wide range of rotational properties (Emsellem et al. 

2007). This finding initiated a new point of view to 

the galaxies; rotation of galaxy as the first 

parameter of galaxy classification (Emsellem et al. 

2011, Cappellari et al. 2011, for example).

Some theoretical studies tried to address the 

origin of galaxy rotation. Idealized galaxy merger 

simulations have shown that galaxy-galaxy 

interactions have significant effects on the rotation 

of galaxies. Cosmological simulations by Naab et 

al. 2014 also added some more insights to the 

rotation of galaxies. However, previous studies 

either lack cosmological background or have not 

enough number of samples.

Running a set of cosmological hydrodynamic 

zoom-in simulations using the AMR code 

RAMSES(Teyssier 2002). we have constructed a 

sample of thousands of galaxies in 20 clusters.  

Here we present a kinematic analysis of a large 

sample of galaxies in the cosmological context. The 

overall distribution of rotation parameter of 

simulated galaxies suggests a single peak 

corresponding to fast rotating galaxies. But when 

divided by mass, we find a strong mass 

dependency of galaxy rotation, and massive 

galaxies are distinctively slow rotating. The 

cumulated effective of mergers seems to neutralize 

galaxy rotation as suggested by previous studies 

(Khochfar et al. 2011, Naab et al. 2014, and Moody 

et al. 2014). This is consistent with the fact that 

massive galaxies tend to rotate more slowly after 

numerous mergers. However, if seen individually, 

merger can either increase or decrease galaxy 

rotation depending on mass ratio, orbital 

parameter, and relative rotation axis of the two 

galaxies. This explains the existence of some 

non-slow rotating massive early type galaxies.
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To understand the observed kinematics in the 

narrow-line region (NLR) of type 2 AGNs, we 

construct a model of 3-D biconical outflow 

combined with a thin dust plane. The model 

consists of two identical cones whose apex is 

located at the nucleus, and the cones are 

axisymmetric with respect to the bicone axis. After 

we define the properties of the bicone and the dust 

plane, we calculate a spatially integrated velocity 

and velocity dispersion along the line-of-sight 

using various physical parameters. As we test the 

effect of model parameters, we find three key 

parameters determining the integrated kinematics: 

intrinsic outflow velocity, bicone inclination, and 

the amount of dust extinction. The velocity 

dispersion increases as the intrinsic outflow 

velocity or the bicone inclination increases, while 

the velocity shift increases as the amount of dust 

extinction increases. We confirm that the 

integrated velocity dispersion can be a good 

indicator of the intrinsic outflow velocity unless 

dust extinction is not very strong (>∼80%), while 

the effect of dust extinction can be alleviated by 

combining the integrated velocity and the velocity 

dispersion. Based on the simulated velocity 

distributions using the 3-D models, the variety of 


