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We reconstruct the underlying dark matter (DM) 
density distribution of the local universe within 
20Mpc/h cubic box by using the galaxy position 
and peculiar velocity. About 1,000 subboxes in the 
Illustris-TNG cosmological simulation are used to 
train the relation between DM density distribution 
and galaxy properties by using UNet-like 
convolutional neural network (CNN). The estimated 
DM density distributions have a good agreement 
with their truth values in terms of pixel-to-pixel 
correlation, the probability distribution of DM 
density, and matter power spectrum. We apply the 
trained CNN architecture to the galaxy properties 
from the Cosmicflows-3 catalogue to reconstruct 
the DM density distribution of the local universe. 
The reconstructed DM density distribution can be 
used to understand the evolution and fate of our 
local environment.

[구 CD-07] Model-independent constraints on 
the light-curve parameters and 
reconstructions of the expansion history 
from Type Ia supernovae

Hanwool Koo1,2 (구한울), Arman Shafieloo1,2, Ryan 
Keeley1, Benjamin L’Huillier3

1Korea Astronomy and Space Science Institute 
(한국천문연구원), 2University of Science and 
Technology (과학기술연합대학원대학교), 3Yonsei 
University (연세대학교)

We use iterative smoothing reconstruction 
method along with exploring in the parameter 
space of the light curves of the JLA supernova 
compilation (Joint Light-curve Analysis) to 
simultaneously reconstruct the expansion history 
of the universe as well as putting constrains on the 
light curve parameters without assuming any 
cosmological model. Our constraints on the light 
curve parameters of the JLA from our 
model-independent analysis seems to be closely in 
agreement with results assuming ΛCDM cosmology 
or using Chevallier-Polarski-Linder (CPL) 
parametrization for the equation of state of dark 
energy. This implies that there is no hidden 
significant feature in the data that could be 
neglected by cosmology model assumption. The 
reconstructed expansion history of the universe 
and properties of dark energy seems to be in  good 
agreement with expectations of the standard ΛCDM 
model. Our results also indicate that the data 
allows a considerable flexibility for expansion 

history of the universe.
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Mass and radius of a neutron star in low-mass 
X-ray binary (LMXB) can be estimated 
simultaneously when the observed light curve and 
spectrum show the photospheric radius expansion 
feature. This method has been applied to 4U 
1746-37 and the mass and radius were found to be 
unusually small in comparison with typical neutron 
stars. We re-estimate the mass and radius of this 
target by considering that the observed light curve 
and spectrum can be affected by other X-ray 
sources because this LMXB belongs to a very 
crowded globular cluster NGC 6441. The new 
estimation increases the mass and radius but they 
do not reach the typical values yet.  

[구 HT-02] A Model for Diffusive Shock 
Acceleration of Protons in Intracluster 
Shocks and Gamma-ray and Neutrino 
Emissions from Clusters of Galaxies

Ji-Hoon Ha1, Dongsu Ryu1 and Hyesung Kang2

1Department of Physics, School of Natural Sciences 
UNIST, Ulsan 44919, Korea
2Department of Earth Sciences, Pusan National 
University, Busan 46241, Korea

During the formation of large-scale structures in 
the universe, shocks with the sonic Mach number 
Ms <~ 5 are naturally induced by supersonic flow 
motions of baryonic matter in the intracluster 
medium (ICM). Cosmic rays (CRs) are expected to 
be accelerated via diffusive shock acceleration 
(DSA) at these ICM shocks, although the existence 
of CR protons in the ICM remains to be confirmed 
through gamma-ray observations. Based on the 
results obtained from kinetic plasma simulations, 
we build an analytic DSA model for weak, 
quasi-parallel shocks in the test-particle regime. 
With our DSA model, the CR acceleration efficiency 
ranges ~ 0.001 – 0.02 in supercritical 
quasi-parallel shocks with sonic Mach number Ms 
~ 2.25 – 5, and the acceleration would be negligible 
in subcritical shocks wth Ms <~ 2.25. Adopting our 
DSA model, we estimate gamma-ray and neutrino 
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emissions from clusters of galaxies by performing 
cosmological hydrodynamic simulations. The 
estimated gamma-ray flux is below the Fermi-LAT 
upper limit. In addition, the possible neutrino 
emission due to the decay of charged pions in 
galaxy clusters would be about <~ 1% of the 
atmospheric neutrino intensity in the energy range 
of <~ 100 GeV. In this talk, we will discuss the 
implication of our results.
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We investigate broadband emission properties of 
the pulsar wind nebula (PWN) 3C 58 using a 
spectral energy distribution (SED) model. We 
attempt to match simultaneously the broadband 
SED and spatial variations and emission about 3C 
58 in X-ray band. We further the model to explain 
a possible far-IR feature of which a hint is recently 
suggested in 3C 58: a small bump at ∼10^11 GHz 
in the PLANCK and Herschel band. While external 
dust emission may easily explain the observed 
bump, it may be internal emission of PWNe 
implying an another additional population of 
particles. Although significance for the bump in 3C 
58 is not higher than other PWNe, here we explore 
possible origins of the IR bump using the emission 
model and find that a population of electrons with 
GeV energies can explain the bump. If it is 
produced in the PWN, it may provide new insights 
into particle acceleration and flows in PWNe.
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The firehose instability is driven by a pressure 
anisotropy in a magnetized plasma when the 
temperature along the magnetic field is higher 
than the perpendicular temperature. Such 
condition occurs commonly in astrophysical and 
space environments, for instance, when there are 
beams aligned with the background magnetic field. 
Recently, it was argued that, in weak 
quasi-perpendicular shocks in the high-β 
intracluster medium (ICM), shock-reflected 

electrons propagating upstream cause the 
temperature anisotropy. This electron temperature 
anisotropy can trigger the electron firehose 
instability (EFI), which excites oblique waves in the 
shock foot. Scattering of electrons by these waves 
enables multiple cycles of shock drift acceleration 
(SDA) in the preshock region, leading to the 
electron injection to diffusive shock acceleration 
(DSA). In the study, the kinetic properties of the 
EFI are examined by the linear stability analysis 
based on the kinetic Vlasov-Maxwell theory and 
then further investigated by 2D Particle-in-Cell 
(PIC) simulations, especially focusing on those in 
high-β (β~100) plasmas. We then discuss the basic 
properties of the firehose instability, and the 
implication of our work on electron acceleration in 
ICM shock.
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We present a pipeline to estimate baryonic 
properties of a galaxy inside a dark matter (DM) 
halo in DM-only simulations using a machine 
trained on high-resolution hydrodynamic 
simulations. As an example, we use the 
IllustrisTNG hydrodynamic simulation of a   Mpc  volume to train our machine to 
predict e.g., stellar mass and star formation rate in 
a galaxy-sized halo based purely on its DM 
content. An extremely randomized tree (ERT) 
algorithm is used together with multiple novel 
improvements we introduce here such as a refined 
error function in machine training and two-stage 
learning. Aided by these improvements, our model 
demonstrates a significantly increased accuracy in 
predicting baryonic properties compared to prior 
attempts --- in other words, the machine better 
mimics IllustrisTNG's galaxy-halo correlation. By 
applying our machine to the MultiDark-Planck 
DM-only simulation of a large   Gpc  
volume, we then validate the pipeline that rapidly 
generates a galaxy catalogue from a DM halo 
catalogue using the correlations the machine found 
in IllustrisTNG. We also compare our galaxy 
catalogue with the ones produced by popular 
semi-analytic models (SAMs). Our so-called 
machine-assisted semi-simulation model (MSSM) is 
shown to be largely compatible with SAMs, and 
may become a promising method to transplant the 


