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 January 16 (Monday)

  
  4:00 pm – 4:30 pm   Room check-in

  6:15 pm -          Dinner

Session I (2 hours): Group I – Chair: Kyujin Kwak
2:00 pm – 2:30 pm Dongsu Ryu Shock Waves in Simulated Clusters of Galaxies

(Including a short introduction of CHEA)
2:30 pm – 2:45 pm Ji-Hoon Ha Statistics and Properties of Merger Shocks
2:45 pm – 3:15 pm Hyesung Kang Particle Acceleration at Astrophysical Shocks
3:15 pm – 3:30 pm Shinsuke Ideguchi Study of Cosmic Magnetism using Faraday Tomography
3:30 pm – 3:45 pm Jihyun Kim Overview on the Astrophysics of Ultra-high Energy Cosmic Rays
3:45 pm – 4:00 pm Soonyoung Roh Propagation of Cosmic Rays in Magnetized Protoplanetary Disks

Session II (2 hours): Group I – Chair: Min Sup Hur
4:30 pm – 5:00 pm Jungyeon Cho Effects of Driving-Scale on Turbulence
5:00 pm – 5:15 pm Junseong Park Numerical Study of Compressible Isothermal Magnetohydrodynamic 

Turbulence
5:15 pm – 5:30 pm Heesun Yoon Density-Magnetic Field Correlation in Magnetohydrodynamic 

Turbulence
5:30 pm – 5:45 pm Hoonkyu Kim Small scale of Solar Wind Turbulence
5:45 pm – 6:00 pm Hanbyul Jang Numerical Simulations for High Energy Astrophysical Phenomena
6:00 pm – 6:15 pm Seungwoo Ha An MHD Code for Low-Beta Plasmas in Astrophysics and Tokamak



 January 17 (Tuesday)

 7:00 – 8:30 am     Breakfast

 
  10:15 am – 10:30 am   Break

 12:15 pm – 1:15 pm    Lunch

  3:00 pm              Closing

Session III (1.75 hours): Group I & II – Chair: Moses Chung
8:30 am – 9:00 am Min Sup Hur Bridging Laboratory Plasma Physics to Astrophysical Plasmas via 

Study of THz-Burst
9:00 am – 9:15 am Young-Kuk Kim Investigation of Laser-Driven Electrostatic Shock Generation by a 

Linearly and a Circularly Polarized Laser Pulse
9:15 am – 9:45 am Chae Un Kim Study on Glassy Water using XFEL
9:45 am – 10:00 am Sandeep Kumar Few-Cycle Pulse generation in XFEL and Magnetic Field 

Generation due to Weibel Instability
10:00 am – 10:15 am Hyock Jun Son Development of an Electron Beam Ion Source and Expansion to 

Charged Particle Trap

Session IV (1.75 hours): Group II – Chair: Chae Un Kim
10:30 am –11:00 am Chang-Hwan Lee Strangeness in Neutron Star Cooling
11:00 am –11:15 am Hee-Suk Cho A brief Overview of Gravitational Wave Data Analysis for Binary 

Black Hole Mergers
11:15 am –11:30 am Myungkuk Kim Constraint on neutron star mass and radius in LMXBs by 

introducing spin frequency
11:30 am –11:45 am Byeongchan Park Effects of Rare Isotope Reaction Rates on the X-ray Burst
11:45 am –12:00 noon Kwangeon Seong Study on X-ray Bursts with Radiative Transfer
12:00 noon –12:15 pm Huiyoung Ryu Hadronic contribution in the thermal photon emission

Session V (1.75 hours): Group II – Chair: Dongsu Ryu
1:15 pm – 1:45 pm Kyungyuk Chae The 18Ne(a,a)18Ne Reaction Measurement for Astrophysical 

18Ne(a,p)21Na Reaction Rate
1:45 pm – 2:00 pm Minsik Kwag Study of Astrophysical22Na(p,γ)23Mg Reaction Rate
2:00 pm – 2:15 pm Gyeong-Min Lee Probing Dynamics in Galaxy Rotation Curves from the SDSS 

MaNGA Survey
2:15 pm – 2:30 pm Chae-lin Hong Methods for Photometrical Feasibility of Upcoming 

Telescope-James Webb Space Telescope
2:30 pm – 2:45 pm Kwang Hyun Sung Estimation of Fuel Rate on the Galactic Disk from High Velocity 

Cloud (HVC) Infall
2:45 pm – 3:00 pm Jeongkwan Yoon Simulating Physical Conditions of Evolving Interstellar Molecular 

Clouds Using Astrochem



January 16 (Monday) - Session I

Shock Waves in Simulated Clusters of Galaxies

Dongsu Ryu (UNIST)

 During the formation of the large-scale structure (LSS) of the Universe, the intracluster medium 
(ICM), which fills the volume of galaxy clusters and is composed of hot, high-beta plasma, is 
continuously disturbed by major and minor mergers of clumps as well as infall along filaments of 
the warm-hot intergalactic medium (WHIM). Such activities induce shock waves, which are observed 
in radio and X-ray mostly in cluster outskirts. These shocks are collisionless, as in other 
astrophysical environments, and are thought to accelerate cosmic rays (CRs) via diffusive shock 
acceleration (DSA) mechanism. Here, I present the properties of shocks in the ICM, studied with 
high-resolution simulations. 

Statistics and Properties of merger shocks

Ji-Hoon Ha (UNIST), Dongsu Ryu (UNIST and KASI), Hyesung Kang (PNU)

 Major merger is the most energetic event in the universe and merger shocks which are generated 
by major merger play an important role in the acceleration of Cosmic Ray particles. In this 
presentation, properties of merger shock will be mainly presented. Since, merger shock has 
non-uniform shock surface, we label merger shocks depending on the propagating direction. 
Perpendicular shock propagates perpendicular direction to merging direction and has big fluctuated 
and parallel shock propagates along the merger axis. Those two kinds of shocks have different 
properties. Perpendicular shock is launched at first before major merging is occurring, and Parallel 
shock is generated after major merger. Perpendicular Shock is stronger than parallel shock, but is 
less energetic than parallel shock. And parallel shock is also classified into two kinds. Parallel 
shock in massive clump is weaker than parallel shock in light clump but is more energetic. In case 
of energetic parallel shock, CR acceleration at the outskirts of the cluster is mostly efficient and 
these shocks (M > 2.5) are expected to observe as radio relics. The formation of shock front and 
cold front will be also discussed. 



January 16 (Monday) - Session I

Particle Acceleration at Astrophysical Shocks

Hyesung Kang (PNU)

 High energy particles are known to be accelerated at astrophysical shocks in cosmic plasmas from 
the solar wind to the intracluster medium. Recent progresses in PIC/hybrid simulations of collisionless 
shocks have greatly improved our understanding of fundamental plasma processes, such as wave 
excitation and magnetic field amplification by plasma/MHD instabilities. In particular, the formation of 
suprathermal populations and the particle injection to the Fermi I process are important yet 
outstanding problems in the Diffusive Shock Acceleration (DSA) theory. Those plasma processes 
depend on the shock parameters such as the magnetic field obliquity, sonic and Alfvenic Mach 
numbers, and the plasma beta of the underlying medium. These key issues will be reviewed in my 
talk.

*Useful Terms (in cgs units)
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January 16 (Monday) - Session I

Study of cosmic magnetism using Faraday tomography

Shinsuke Ideguchi (UNIST)

 Magnetic fields are ubiquitous in the universe and they play an important role in various 
astrophysical phenomena. While such fields have often been studied using Faraday rotation measure 
as far, the near-future radio interferometers such as the Square Kilometre Array, providing 
wide-band radio data, allow us to utilize so-called Faraday tomography technique. This technique 
has the potential to probe the distribution of magnetic fields and polarized sources along a line of 
sight. In this talk, I briefly introduce the technique and present what kind of information of 
magnetic fields we can obtain using the technique.

Overview on the Astrophysics of Ultra-high Energy Cosmic Rays

Jihyun Kim (UNIST)

 Cosmic rays are energetic particles originated from outer space that impinge on the Earth’s 
atmosphere. Since the first discovery by Victor Hess, the nature and origin of cosmic rays have 
been studied for more than a century. It is found that cosmic rays have a wide energy range from 
108 eV to 1021 eV and their flux decreases as their energy increases. It is known that the cosmic 
rays having energies lower than 1014 eV originate from supernovae, but the origin of cosmic rays 
with higher energies is still uncertain. Especially, cosmic rays having energies above 1018 eV, 
so-called ultra-high-energy cosmic rays (UHECRs), have many unanswered questions about their 
origin and nature: What are their components? Where do they come from? How are they influenced 
by the cosmic magnetic fields when they propagate in the universe? In this presentation, we will 
give an overview on the astrophysics of UHECRs and the most recent results from the observations 
to find the answers.



January 16 (Monday) - Session I

 Propagation of cosmic rays in magnetized protoplanetary disks

Soonyoung Roh (UNIST)

 The magnetorotational instability (MRI) is thought to drive mass accretion in protoplanetary disks 
(PPDs). For the development of the MRI, sufficient ionization degree for a good coupling between 
the disk gas (mostly neutrals) and the magnetic field is needed. Cosmic rays (CRs) are believed to 
be one of the dominant ionization sources in PPDs. In previous studies, ionization rate was 
determined as a function of column density from the disk surface based on a work computing the 
attenuation of CRs in an unmagnetized cloud. In reality, however, CRs are expected to sweep up 
larger column density in a magnetized PPD due to their gyro motion. In order to quantitatively 
analyze the propagation of CRs considering energy loss processes in magnetized PPDs, we have 
performed test particle numerical calculations of CRs using a global magnetohydrodynamic (MHD) 
simulation of the MRI as a background. We follow the trajectories of CRs and discuss the change of 
CRs flux in a PPD.



January 16 (Monday) - Session II

 Effects of Driving-scale on Turbulence

Jungyeon Cho (CNU)

 Many astrophysical fluids are in turbulent state. To maintain turbulence, energy must be injected 
into the system. In turbulence simulations, it is customary to drive the fluids on a scale 
comparable to the size of the computational domain. In this talk, I will consider how statistics of 
turbulence is changed when we do not follow the conventional approach. First, I will talk about the 
effects of the driving scale. When we drive turbulence on a small scale, some turbulence statistics 
changes. I will discuss in detail how the Chandrasekhar-Fermi method is affected by the small-scale 
driving.  Second, I will briefly discuss other issues related to driving-scale of turbulence. When 
time permits, I will also discuss other issues related to the driving mechanisms. 

Numerical Study of 
Compressible Isothermal Magnetohydrodynamic Turbulence

Junseong Park1, DongsuRyu1,2

1 Department of Physics, UNIST, Ulsan 689-798, Korea
2 Korea Astronomy and Space Science Institute, Daejeon 34055, Korea

 MHD shocks are ubiquitous in astrophysical environments, and understanding how such shock 
structures form and their statistics in turbulent media is of great importance in astrophysics. Here 
we study compressible isothermal MHD turbulence in a variety of astrophysical environments by 
numerical simulations with resolution up to 10243. Our study covers both a wide range of turbulent 
Mach number (Mturb = 0.5 to 8) and plasma beta (β0 = 0.1 to 10). We introduce a refined 
methodology for detecting fast and slow shocks in MHD simulations and measure their Mach 
number and distribution. Our main findings are as follows. (1) The distribution of fast and slow 
shocks in a two-dimensional slice shows the non-linear structures and voids of the density and 
convergence maps. As the turbulent Mach number increases, the total number of fast and slow 
shocks and their ratio increase. (2) The distribution of fast and slow shocks with the number of 
shocks is represented the best-fit power law index, α, defined as  ∼  

  . The power 
law index decreases as the turbulent Mark number increases with fast and slow shocks, and its 
shape is not significantly affected by the magnetic field. Our results will be helpful in understanding 
distribution of shocks and flow motions in the ISM and ICM.



January 16 (Monday) - Session II

 Density and Magnetic Field Correlation in Magnetohydrodynamic 
Turbulence

Heesun Yoon (CNU)

 Turbulent motions naturally produce density and magnetic field fluctuations. Correlation between 
the two fluctuations is important for interpretation of observations, such as the rotation measure 
(RM) and dispersion measure (DM). It is also important for star formation. We study the factors that 
determine the density-magnetic field correlation. In particular, we numerically investigate how the 
correlation time  of driving affects the correlation between density and magnetic field. 

Small scale of Solar Wind Turbulence

Hoonkyu Kim (CNU), Jungyeon Cho (CNU)

 Turbulence at magnetohydrodynamics (MHD) scales of the solar wind has been studied for more 
than three decades. In-situ observational data for the MHD scales and available for along times and 
they allows for extensive theatrical and numerical modeling. However smaller scales have been 
explored only recently. We review results of the observations of the solar wind turbulence at small 
scales. We used the high resolution magnetic data of the Cluster spacecraft and computed 
intermittency of solar wind turbulence to compare with that of electron magnetohydrodynamic 
(EMHD) turbulence.



January 16 (Monday) - Session II

 Numerical Simulations for high energy astrophysical phenomena 

Hanbyul Jang (UNIST)

 Many high energy astrophysical phenomena involve processes of magnetohydrodynamics (MHD) and 
relativistic magnetohydrodynamics (RMHD). A number of numerical schemes have been developed to 
solve the equations of ideal MHD and RMHD. Recent codes are based on upwind schemes which 
solve hyperbolic systems of equations following the characteristics of the systems. Upwind schemes 
stand out by their robustness, clarity of the underlying physical model, and ability of achieving 
high resolution. We present MHD and RMHD codes based on the total variation diminishing (TVD) 
and weighted essentially non-oscillatory (WENO) schemes, which are second and higher order 
accurate extensions of upwind schemes. We demonstrate the ability and limitation of codes based 
on upwind schemes through a series of tests.

An MHD Code for Low-Beta Plasmas in Astrophysics and Tokamak

Seungwoo Ha(UNIST), Hanbyul Jang(UNIST), Dongsu Ryu(UNIST)

 The development of a new magnetohydrodynamic (MHD) code, specifically for phenomena involving 
strong magnetic fields in low-beta plasma is under progress. The code is based on a high-order, 
finite-volume method, WENO5. It implements a high-order flux CT scheme, which helps reduce 
numerical oscillations. The geometry includes Cartesian and cylindrical coordinates, and the 
parallelization is done with MPI/OpenMP. The robustness, accuracy, and performance of the code is 
presented through a number of tests.



January 17 (Tuesday) - Session III

 Bridging	 laboratory	 plasma	 physics	to	 the	 astrophysical	 plasmas	 via	 study	 of	 THz-burst
Min Sup Hur (UNIST)

 Radiation emission from laboratorial and astrophysical plasmas has been an issue of decades in 
each environment, while the interaction between them has been insignificant. In the modern 
laboratory experiments, the laser is commonly used for generation of radiation from plasma, since 
the ultrahigh power of modern laser systems enables the excitation of strong oscillatory motion of 
charged particles; major focus is maximizing the efficiency of radiation emission by tailoring the 
plasma density such as periodic ripple, linear gradient, etc. and using a very high power driving 
laser pulses.   Such an artificial plasma profile and intense electromagnetic driver are rarely found 
in natural state of plasmas in space.  Recently, we studied the generation of narrowband coherent 
THz burst from dipole oscillation of a block of electrons. Although we focused on using it as an 
artificial light source, we also perceived that this concept can be used to explain the radio-burst 
from space plasmas. In our study, we still used laser pulses to generate the dipole oscillation, but 
possibility of similar dipole generation by colliding beams, which are abundant in space plasmas, is 
discussed. 

Investigation of laser-driven electrostatic shock generation 
by a linearly and a circularly polarized laser pulse

Young-Kuk Kim (UNIST)

 A generation of laser-driven collisionless electrostatic shock (CES) is studied with a linearly and a 
circularly polarized laser pulse using a particle-in-cell simulation. When linearly polarized pulse (LP) 
is reflected on high density plasmas, the Mach number condition 1.5 < M < 3.7 for CES is satisfied 
through plasma heating by an oscillating ponderomotive force of the pulse, where Mach number 
M=v/c_s and sound speed c_s=(ZkT/M)0.5. On the other hand, the condition is satisfied when 
circularly polarized pulse (CP) with non-oscillating ponderomotive force penetrates near-critical 
density plasmas producing higher velocity and higher temperature, which result in high velocity 
shock and energetic ions. Furthermore, we found that LP-driven shock formation is strongly 
affected by the plasma scale length and transmittance but CP-driven shock formation is determined 
by the transmittance only. In addition, Weibel-like instability is suppressed during the shock 
formation by CP in two-dimensional simulation.



January 17 (Tuesday) - Session III

Study on Glassy Water using XFEL 

Chae Un Kim (UNIST)

 Water has more than two glassy states, including low-density amorphous (LDA) and high-density 
amorphous (HDA) ice. The glass-to-liquid transition in these polyamorphic forms of ice is the focus 
of theories proposed to explain anomalous properties of supercooled water. The phase behavior of 
HDA ice was studied by X-ray diffraction. The HDA ice was induced by rapidly cryocooling water 
(either in bulk state or in confined state such as in protein crystals) from room temperature to 77K 
under hydrostatic pressure (200 MPa) using the high pressure cryocooling method. The X-ray 
diffraction study of HDA ice confined in the high-pressure cryocooled protein crystals revealed that 
it converts to low-density amorphous (LDA) ice upon warming (from 80 to 160K at 0.1 MPa), while 
showing the characteristics of a first order phase transition. Furthermore, it was discovered that 
protein molecules in the high-pressure cryocooled protein crystals execute dynamical fluctuations 
during the water phase transition, suggesting a liquid or mobile state of water between HDA and 
LDA ice. In this presentation, I will propose XFEL experiments which may lead to the theories that 
LDA and HDA ice are thermodynamically distinct and they are continuously connected to two 
different liquid states of water.

References1.	 Chae	 Un	 Kim	 et	 al.,	 Evidence	 for	 liquid	 water	 during	 the	 high-density	 to	 low-density	 amorphous	 ice	 transition,	 Proc.	 Natl.	 Acad.	 Sci.	
USA	 106,	 4596-4600	 (2009).2.	 Chae	 Un	 Kim	 et	 al.,	 Protein	 dynamical	 transition	 at	 110	 K,	 Proc.	 Natl.	 Acad.	 Sci.	 USA	 108,	 20897-20901	 (2011).3.	 Chae	 Un	 Kim	 et	 al.,	 Glass-to-cryogenic-liquid	 transitions	 in	 aqueous	 solutions	 suggested	 by	 crack	 healing.	 Proc.	 Natl.	 Acad.	 Sci.	 USA	 112,	11765–11770	 (2015).

Few-Cycle Pulse generation 
in XFEL and Magnetic Field Generation due to Weibel Instability

Sandeep Kumar (UNIST),
Young-Kuk Kim (UNIST), Min-Sup Hur (UNIST), Moses Chung (UNIST)

 With the development of XFEL facilities, interest in high energy density science (HEDS) is growing 
within the scientific community at large. These investigations demand tools with high degree of 
temporal and nanometer spatial resolutions with high brilliance, and high penetration ability so that 
one can apply to create and probe HED matter. In the first part, I will discuss the mode locked 
afterburner scheme at PAL-XFEL which is believed to yield 1/1000 times shorter pulse-length with 
similar output power as in normal XFEL operation. With such XFEL pulses, one can directly probe 
the generation and evolution of the fine structure of the filaments in the collisionless shock waves 
as well as the magnetic reconnection that play an important role in many different plasma 
phenomena including solar flares, star formation, and other astrophysical events. In the second 
part, I will discuss the magnetic field generation by thermal anisotropy-driven Weibel instability 
using 1D and 2D PIC simulations. 



January 17 (Tuesday) - Session III

Development of an Electron Beam Ion Source and Expansion 
to Charged Particle Trap

Hyock-Jun Son1,2, Moses Chung3

1 Rare Isotope Science Project, Institute for Basic Science, Daejeon 305-811, Rep. of Korea
2 Department of Advanced Green Energy and Environment, Handong Global University, Pohang 791-708, Rep. of Korea

3 Department of Physics, Ulsan National Institute of Science and Technology, Ulsan 689-798, Rep. of Korea

 In Korea, a heavy ion accelerator facility called RAON is being designed to produce various rare 
isotopes for the Rare Isotope Science Project (RISP). The facility is designed to use both In-flight 
Fragment (IF) and Isotope Separation On-Line (ISOL) techniques to produce a wide variety of RI beams 
for nuclear physics experiments. The ion beam is mainly accelerated by linear accelerator, and the 
linear accelerator requires an ion beam energy of 10keV/u at initial stage. In order to match such 
energy condition, we have to control a charge-to-mass ratio (q/A) of various RI beams. An Electron 
Beam Ion Source (EBIS) will be used to match the initial ion beam condition of linear accelerator by 
converting a singly-charged ion beam into the highly charged ion beam. This machine, we called EBIS 
charge breeder, has significant advantages over the ECR charge breeder for high ion beam intensities, 
providing higher efficiency, shorter breeding times and significantly better purity of highly charged 
radioactive ion beams.
The EBIS charge breeder could be categorized by 4 section such as e-gun, drift tube, collector and 
ion transport section. The EBIS will use a 3 A electron gun and a 6 T superconducting solenoid to 
increase electron beam current density for high capacity, high efficiency and short breeding time. 
There are 10 drift tubes inside of vacuum chamber, and a strict alignment is required between 
mechanical structure and magnetic field line. A maximum power consumption of the collector is 20kW 
by the electron beam dump. Electrostatic ion beam optics of 5 sets is designed to inject and extract 
the different charge state ion beams. The design of EBIS system is mostly finished, we are in the 
manufacturing stage presently. The EBIS is large machine compared to other charged particle trap 
such as EBIT and anti-proton trap, however, the machine principle of charged particle trap is very 
similar. An experience of developing EBIS charge breeder is useful expanding to other charged particle 
trap. This presentation will cover the development status of EBIS charge breeder and possibility of 
expansion to other charged particle trap.

Fig1. EBIS charge breeder for rare isotope science project.



January 17 (Tuesday) - Session IV

Strangeness in Neutron Star Cooling

Chang-Hwan Lee (PNU)

 In this talk, I will discuss our recent work on the thermal evolution of neutron stars in the 
presence of hyperons or kaons in the core.  Our results indicate that the nucleon and hyperon 
direct Urca processes play crucial roles for macroscopic cooling behavior of neutron stars.
The presence of hyperons drives fast cooling mechanisms in two ways:
1) it allows the hyperon direct Urca prior to the nucleon direct Urca, 
2) and it makes the nucleon direct Urca more feasible by reducing the neutron Fermi momentum.
All of the equation of state (EOS) used in this work satisfy the maximum mass constraints and the 
allowed areas of mass and radius of neutron stars. We found that the neutron star EOS with 
hyperons can be consistent with both mass and temperature observations. We also found that the 
neutron star EOS with kaon condensation can be consistent with observations, even though the 
cooling behavior is seldom useful to identify or isolate the effect of kaon condensation.

A brief overview of gravitational wave data analysis
for binary black hole mergers

Hee-Suk Cho (PNU)

 The orbits of binary black hole systems shrink due to gravitational radiations. At the last stage of 
merger, the gravitational wave (GW) signals can be detected by the ground- based detectors, such 
as LIGO and Virgo. In the data analysis of GWs emitted from merging black hole binaries, the 
matched filtering method is employed in the detection pipeline to identify GW events. Once a 
detection is made, the parameter estimation seeks the physical parameters of the GW source. The 
parameter estimation pipeline repeatedly performs overlap computations by generating theoretical 
waveforms and matching those to the detector data based on Monte Carlo simulations. In this talk, I 
give an overview of the detection and the parameter estimation pipelines. I also introduce the Fisher 
matrix (FM) method that has been mainly used to predict the statistical uncertainties in the 
parameter estimations. The FM can be computed semi-analytically, so has very low computational 
cost compared to Monte Carlo simulations. Using the FM, I calculate the uncertainties in measuring 
the mass parameters for several binary black hole sources.



January 17 (Tuesday) - Session IV

Constraint on neutron star mass and radius in LMXBs 
by introducing spin frequency

Myungkuk Kim (PNU)

 X-ray burst which has been observed in low-mass X-ray binaries (LMXBs) is understood by 
powerful explosion of unstable hydrogen or helium burning on the envelope of neutron star. Type-I 
X-ray bursts showing photospheric radius expansion (PRE) are main sources which can provide 
possibilities of simultaneous estimating the mass and radius relation of neutron star. In recent 
research, Ozel et al. suggested modified framework for neutron star mass and radius measurement 
by introducing spin frequency in angular size and temperature correction to electron scattering in 
opacity. In this talk, I will discuss our progress work on the mass and radius probability distribution 
for a fixed hydrogen mass fraction using modified framework. Both masses and radii of neutron 
stars depend on the composition of accreted matter.

Effects of Rare Isotope Reaction Rates on the X-ray Burst

Byeongchan Park (UNIST)

 X-ray Bursts (XRBs) have been understood via a thermonuclear phenomenon that happens on the 
surface of a neutron star. These thermonuclear reactions are sensitive to composition of accreted 
material, accretion rate, and properties of those nuclear reactions participating in the reaction 
network. These factors determine properties of the XRB light curve such as luminosity and 
recurrence time of the XRBs. In this study, we consider three newly obtained nuclear reaction rates; 
triple alpha, 18Ne(a, p)21Na, and 15O(a, r)19Ne. We simulate the XRB models with these three 
nuclear reactions and investigate the impacts of these nuclear reactions on the properties of the 
XRBs light curve. Our results show that the properties of the XRBs light curve strongly depend on 
the nuclear reactions although the calculated flux does not match the observed one yet.



January 17 (Tuesday) - Session IV

Study on X-ray Bursts with Radiative Transfer

Gwangeon Seong (UNIST)

 X-ray burst models made by MESA (Modules for Experiments in Stellar Astrophysics) use the mass 
and radius of the NS as the inner boundary conditions and the nuclear reaction network and they 
provide information on the neutron star (NS) envelope as a function of time. But those data 
obtained with MESA can’t show the effects of radiation transfer because in MESA, the optical depth 
of the NS envelope is determined by the OPAL opacity table by assuming that the envelope is 
optically thick.  This envelope model made by MESA does not include the full radiative transfer 
within the NS envelope. Here we study the effect of radiative transfer in X-ray bursts by using 
SNEC (the SuperNova Explosion Code), an open-source Lagrangian code that is designed to solve 
the hydrodynamics and equilibrium-diffusion radiation transport in the expanding envelopes of 
core-collapse supernovae. We apply SNEC for the NS envelope which results from MESA. SNEC can 
generate bolometric light curves for given models of a progenitor star, a choice of explosion energy, 
and distribution of chemical components. We present the radiative transfer results for X-ray bursts 
obtained by SNEC.

Hadronic contribution in the thermal photon emission

Hui-Young RYU (PNU)

 The photon emitted from hot matter or astronomical objects encodes information on properties of 
the fireball which are not easily accessible. Sources of photon and photon emission mechanism have 
been studied by not only the theoretical side but also the experimental one. In the present work, we 
investigate novel sources of photon production from hot hadronic matter, and in this way 
contribute to a more complete characterization of the electromagnetic emissivity of QCD matter in a 
regime of moderate temperatures. Specifically, we explore photon emission rates from a thermally 
equilibrated system composed of \pi, \rho, and \omega mesons using relativistic kinetic theory. The 
thermal emission from \pi \rho \omega interactions gives a sizable contribution to direct-photon 
sources and it may help to reduce discrepancies with experimental spectra. Work in this direction is 
in progress.



January 17 (Tuesday) - Session V

The 18Ne(a,a)18Ne reaction measurement 
for the astrophysical 18Ne(a,p)21Na reaction rate

Kyungyuk Chae1,
 K.Abe2, S.H.Bae3, D.N.Binh4, S.M.Cha1, S.H.Choi3, N.N.Duy5, K.I.Hahn6, S.Hayakawa2, B.Hong7, 
N.Iwasa8, D.Kahl9 L.H.Khiem10 , A.Kim11, D.H.Kim11  , E.J.Kim12, G.W.Kim11, M.J.Kim1, K.J.Kwag13, 

M.S.Kwag1, E.J.Lee1, S.I.Lim11, B.Moon7, J.Y.Moon14, S.Y.Park11, V.Phong15, H.Shimizu2, H.Yamaguchi2, 
L.Yang2 and G.Zhuang15

1 Department of Physics, Sungkyunkwan University2 Center for Nuclear Study, the University of Tokyo3 Department of Physics and Astronomy, Seoul National University4 30 MeV Cyclotron Center, Tran Hung Dao Hospital5 Dong Nai University6 Department of Science Education, Ewha Womans University7 Department of Physics, Korea University8 Department of Physics, Tohoku University9 School of Physics and Astronomy, University of Edinburgh10 Institute of Physics, Vietnam Academy of Science and Technology11 Department of Physics, Ewha Womans University12 Division of Science Education, Chonbuk National University13 Department of Physics, Ulsan National Institute of Science and Technology14 Institute for Basic Science15 RIKEN Nishina Center

 The 18Ne(a,p)21Na reaction rate at stellar temperature is believed to be very important in 
understanding heavy elements synthesis during explosive stellar events such as X-ray bursts. Since 
the reaction proceeds through resonances in radionuclide 22Mg located above the alpha threshold at 
Ex = 8.14 MeV, the properties of the energy levels are essential for astrophysical implications. In 
order to constrain the resonance parameters, the 18Ne(a,a)18Ne scattering reaction was measured in 
inverse kinematics by using radioactive 18Ne beams at the Center for Nuclear Study Radioactive Ion 
Beam Separator (CRIB). Owing to the beauty of the thick-target method, very wide range of Ex = 
8.6-20 MeV could be populated in a single run. Details of the experimental setup and the 
preliminary results will be discussed.

STUDY OF THE ASTROPHYSICAL 22Na(p,γ)23MgREACTIONRATE

Minsik Kwag1,
K.Y.Chae1, S.Ahn2, D.W.Bardayan3, K.A.Chipps4, J.A.Cizewski5, M.E.Howard5, R.L.Kozub6, B.Manning5, 

M.Matos7, P.D.O’Malley5, S.D.Pain8, W.A.Peters9, S.T.Pittman8, A.Ratkiewicz5, M.S.Smith8, and 
S.Strauss5

1Department of Physics, Sungkyunkwan University, Suwon, Korea2Department of Physics and Astronomy, University of Tennessee, Knoxville, USA3Department of Physics, University of Notre Dame, Notre Dame, USA4Department of Physics, Colorado School of Mines, Golden, USA5Department of Physics and Astronomy, Rutgers University, New Brunswick, USA6Department of Physics, Tennessee Technological University, Cookeville, USA7Department of Physics and Astronomy, Louisiana State University, Baton Rouge, USA8Physics Division, Oak Ridge National Laboratory, Oak Ridge, USA9Oak Ridge Associated Universities, Oak Ridge, USA

 The galactic 1.275 MeV -ray is emitted by + decay of the long-lived radionuclide 22Na produced 
during nova explosions. The final abundance of 22Na after the explosions strongly depends on the 
22Na(,)23Mg reaction rate.  Since the resonance parameters of energy levels in 23Mg above the 
proton threshold at 7.581 MeV determine the 22Na(,)23Mg reaction rate, the 24Mg(,)23Mg reaction 
was measured at the Holifield Radioactive Ion Beam Facility of the Oak Ridge National Laboratory. 
The resonance parameters of a main contribution to the total reaction rate, 7.784 MeV level, are 
updated from the previous work and the spins of four levels above the proton threshold could be 
constrained for the first time. Using the newly-constrained resonance parameters, the 22Na(,)23Mg 
reaction rate is updated at nova temperatures and the final weighed abundance of 22Na is calculated 
accordingly. The result shows that the abundance is increased (decreased) about 48% (22%) 
compared to that from the previous work. Details of the experimental setup and results will be 
presented.
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Probing dynamics in galaxy rotation curves 
from the SDSS MaNGA survey

Gyeong-Min Lee (Sejong University)

 Galaxy rotation curves show anomalous gravitational accelerations, in excess of the Newtonian 
acceleration aN based on baryonic matter content. This may be accounted for by dark matter 
unseen or non-Newtonian gravitational attraction in weak gravity, parameterized empirically by 
Milgrom’s scale of acceleration aH=cH, where c is the velocity of light and H is the Hubble 
parameter. With Lelli et al. (2016) data of galaxies around zero redshift, van Putten, 
arXive:1611.05692 identified a sharp transition to weak gravity at a threshold of acceleration 
aN/aH=1. These data are derived from the observed acceleration a=Vobs

2/R across radii R from the 
galaxy center and aN=Vbar

2/R inferred form the distribution of stars and gas, assuming a constant 
mass-to-light ratio for different spiral galaxies. SDSS MaNGA data provide rotation curves of 
galaxies across redshifts up to z~0.2, we set out to identify this transition at high resolution and to 
derive Q=dq/dz(z=0), where q(z) denotes the deceleration parameter, by matching the full transition 
to Milgrom’s scaling in the asymptotic regime at acceleration <<aH. The results will be used to 
discriminate between dynamic dark energy (Q>2.5) and CDM(Q<1).

Methods for photometrical feasibility of 
upcoming telescope-James Webb Space Telescope

Chae-lin Hong (Sejong University)

 The moon has played an important role in facilitating a clement global climate. In our searches for 
advanced life on extrasolar planets, this suggests a focus on planet-moon systems. I will introduce 
several methods with photometry of the upcoming telescope James Webb. Transit Timing 
Variation(TTV) and Transit Duration Variation(TDV) ratio from presence of the moon would be 
powerful method not only for determining moon’s semi-major axis and mass but also easily 
recognizing moon’s prograde or retrograde orbit. Mutual transiting and shadowing methods will be 
key for estimating such planetary system in universe. In order to apply these method, we need 
better photometrical accuracy than transit decrease and pay attention to the speckles of the star’s 
halo that directly affects detecting exomoon. This investigation and application would provide novel 
avenues to search for extraterrestrial life.
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Estimation of Fuel Rate on the Galactic Disk 
from High Velocity Cloud (HVC) Infall

Kwang Hyun Sung (UNIST)

 The estimated maximum accretion rate based upon approaching high velocity clouds (HVCs) can be 
up to  ∼⊙ ∙ which is comparable with the accretion rate required by many chemical 

evolution models that is at least ∼⊙ ∙  . Such continuous infall of metal-poor gas can be 
a key to solving the discrepancy between the number of observed G-dwarfs and the number 
predicted by the “simple model” of galactic evolution. However, it is not clear to what extent the 
exchange of gas between the disk and the cloud can occur when an HVC collides with the galactic 
disk. Therefore, we examined a series of HVC-Disk collision simulations using the FLASH2.5 
hydrodynamics simulation code. Defining fuel rate as the amount of HVC material left in the 
galactic disk, our simulations show that even HVCs with the same infall rate can have various fuel 
rates on the galactic disk. Further outcomes in our study present that the fuel rate change during 
the HVC-disk collision can be in various forms depending on the thickness of the disk, the density, 
radius and velocity of an approaching HVC. The simulations in our study cover HVCs with a 
hydrogen volume density from ×    to   , radius of  to , velocity in the 
range between ∙   and ∙   . Furthermore, from the observational results from the 
SDSS-III/APOGEE Data Release 12, we now are able to thicken our galactic disk up to 2 kpc in 
height. To check out how much the fuel rate is affected by the thickness of the disk, for the Smith 
cloud and Complex C, we examine two different cases where we let the thickness of the disk to be 
600 pc for the first case and 2 kpc for the second one.

Simulating Physical Conditions of 
Evolving Interstellar Molecular Clouds Using Astrochem

Jeongkwan Yoon(UNIST)

 Every interstellar cloud has its chemical composition and physical condition. Those will decide the 
future of the cloud, while they were decided from the past such as initial composition and 
condition. According to Arrhenius’ law, each reaction rate of any chemical reaction is a function of 
temperature although not all chemicals are made from gas-phase reaction. Generally, identical 
clouds, which contain identical initial composition, show different chemical evolution due to their 
different physical condition such as temperature. I considered four environments/physical factors: 
ionization rate due to cosmic rays; abundance of the interstellar dust; visible extinction; intensity of 
external UV light. In order to find out their effects, I performed numerical simulations by using 
Astrochem, a publically available chemical reaction code. From the results, I show that those 
conditions, except for the dust which did not make the equilibrium state, have meaningful effects to 
determine the chemical evolution.
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