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January 16 (Wednesday) - Session I

Estimating Mass and Radius of Neutron Star 
in X-ray Binaries

Kyujin Kwak (UNIST)

 The mass and radius of neutron star in 4U 1746--37 was previously estimated as unusually 
light and small in comparison with a normal neutron star. By using the photospheric radius 
expansion (PRE) behavior, Li et al. calculated the mass and radius as (0.4 solar mass,  8.7 km) 
or (0.21 solar mass, 6.3 km). Two estimated values were obtained by considering the contribution 
from the accretion disk to observed flux differently. We pay attention to the possibility that the 
globular cluster NGC 6441, to which 4U 1746--37 belongs, can contain multiple point-like X-ray 
sources some of which may be identified as low-mass X-ray binaries (LMXBs) just like 4U 
1746--37. If the observed flux and spectra had additional contribution from a hypothetical 
quiescent LMXB in NGC 6441, the mass and radius of neutron star in 4U 1746--37 could be 
changed to the canonical value, (1.4 solar mass, 10 km). Future X-ray observations with high 
spatial resolution will be able to test this new estimation.

Estimation of Fuel Rate on the Galactic Disk from High Velocity 
Clouds (HVCs) Infall

Kwang Hyun Sung (UNIST)

 In the galactic chemical evolution (GCE), incoming external gas clouds play a role of providing 
additional fuel for star formation. However, the infall rate of these incoming clouds, which is 
frequently interpreted as accretion rate, represents a mass inflow rate in the halo and does not 
include the interaction between the inflowing gas and the galactic disk.
 This work is motivated from an idea that the infall rate of an inflowing High Velocity Cloud 
(HVC) complex may not be an accurate indicator of the star formation rate in the galactic disk. 
From the hydrodynamics simulations on a list of total 11 different HVCs (complexes A, ACHV, 
ACVHV, C, GCN, M, Smith, WA, WB, WD, and WE), we conceptually and quantitatively prove that 
the traditional infall rate of HVCs depends on the physical configuration of the HVC complex. 
 



January 16 (Wednesday) - Session I

1-D PRE (Photospheric Radius Expansion) X-ray burst simulation 
with MESA (Modules for Experiments in Stellar Astrophysics)

Gwangeon Seong (UNIST)

 If the energy of radiation of X-ray bursts is large enough whose luminosity can reach the 
Eddington limit, the radiation pressure is enough to push out its photosphere. But previous 
simulations of X-ray bursts performed by MESA could not deal with this phenomenon called 
photospheric radius expansion because MESA is designed for simulations the stellar evolution 
mainly, so when the luminosity is greater than the Eddington limit the simulation does not 
proceed due to time step problem. So in this study, we want to find how to solve this problem 
and conditions that cause PRE. 

Simple interstellar cloud model for reprocuding correlations 
between the chemical species

Jeongkwan Yoon (UNIST)

 After analyzing the molecular absorption spectra to reveal the existence of molecules in the 
interstellar medium(ISM), there have been many studies to find their origin. The correlation 
between molecules is one of clues for the origin of the molecules. We have tried to refine a 
suggested static translucent cloud model to build an interstellar cloud model which satisfies 
more kinds of correlations.
 



January 16 (Wednesday) - Session I

Physics of Dense Hadronic Matter

 Chang-Hwan Lee (Pusan National University)

 In this talk, I will summarize the future projects of PNU group on the physics of dense 
hadronic matter. Our projects include  a) hadronic structure research as a part of DRHBc 
(Deformed Relativistic Hartree-Boboliubov theory in continuum) project (Korea-China 
collaboration), b) hadronic reaction research using new transport code DJBUU (DaeJeon  
Boltzmann-Uehling-Uhlenbeck) project (McGill-Korea collaboration), and c) investigation of 
neutron star equations of state and tidal deformability using various effective theories. 

Nuclear Energy Density Functionals for Heavy Ion Collisions and 
Neutron Stars

Young-Min Kim (UNIST)

 Energy density functional theory can provides a unified framework for both finite, self-bound 
nuclei and the equation of state of infinite nuclear matter.  To study properties of dense matter 
in extreme condition such as neutron star interior or heavy ion collisions, we adopt a 
Skyrme-type energy density functionals such as KIDS. In this presentation, I will discuss about 
recent results of calculations with KIDS.



January 16 (Wednesday) - Session I

Application of PDM in DJBUU

Myungkuk Kim (Pusan National University)

 Heavy-ion collision simulation is one of the main method to understand between the 
experiment and theory. We have been developed new transport code, DJBUU and studied nuclear 
reactions based on the basic sigma - omega - rho RMF. The parity doublet model describes 
chiral symmetry breaking in QCD frame introducing N (1520) as a chiral partner of nucleons. If 
the chiral symmetry is completely restored, nucleon and its partner have chiral invariance mass 
(m0). One can understand dense nuclear matter properties like partial chiral symmetry 
restoration, nucleon effective mass, nuclear compressibility and binding energy when m0 is 
considered as free parameter. In this talk, I will summarize the results that  we simulated 
several m0 for Au + Au collisions and compared results with experiment for choosing more 
proper m0.

Multi-wavelength study for PSR J1119-6127 
after 2016 outburst

Lupin C. C. Lin (UNIST)

 High magnetic field pulsars are the most important objects to study the activities of magnetars, 
and it provides a good chance to study the relation of magnetars and the high magnetic field 
pulsars. PSR J1119−6127 is a high magnetic field pulsar and had a magnetar-like outburst in 
2016. We describe the observational properties of this pulsar from the radio to GeV bands after 
its 2016 outburst. In comparison to the X-ray light curve and radio folded light curves, we find 
there was a shift between the pulse profiles obtained in August but aligned with each other in 
December. In the X-ray spectral analysis, we find the phase resolved spectra can be fitted with 
a composite model of two blackbody components plus a power-law, and two hot spots shrunk 
with time. Moreover, we successfully detect the γ-ray pulsation and determine the ephemeris of 
the pulsar after its 2016 burst, and we did not find any significant change in comparison to the 
pulse profile before the outburst. We discuss the theoretical magnetosphere untwisting model 
and find that it well explains the emission geometry of PSR J1119−6127 with the structure 
change of the magnetic field. According to this model, we can also estimate the recovery time 
of the magnetosphere and compare this result with the observational feature after the 2016 
outburst.  



January 16 (Wednesday) - Session I

The Face Changing Companion of the Redback 
MSP J1048+2339

Kwan-Lok LI (UNIST)

 In this talk, we will present the optical observations of the redback millisecond pulsar PSR 
J1048+2339, a 4.66 ms pulsar in a six-hour compact binary. With detailed light curve modelings, 
we derived the pulsar mass and the companion mass to be 2.1 M⊙ and 0.4 M⊙, respectively. 
Most importantly, the system showed two distinct orbital modulations - an ellipsoidal modulation 
changes into a sinusoidal-like profile in less than 14 days - which is unprecedented in a 
redback system.

January 16 (Wednesday) - Session Ⅱ

An overview of Fast Radio Bursts

David Hui (Chungnam National University)

 A bright highly dispersed pulse lasting ~15 ms of astrophysical but unknown origin was firstly 
detected in 2007. By now, with more than 60 similar sources of this kind which are now known 
as fast radio bursts (FRBs), we are investigating a new landscape in the transient phenomena. In 
this talk, I will go over our current knowledge on FRBs and our recent research in this field.



January 16 (Wednesday) - Session Ⅱ

X-ray observation of Globular clusters

Kwangmin Oh (Chungnam National University)
 
 We finalised classifying the sources on globular cluster M62. Total 43 sources were detected 
and from the data, we classified 11 Cataclysmic Variables (CVs), 4 Quiescent Low Mass X-ray 
Binaries (qLMXBs), 4 Millisecond Pulsars (MSPs) and 1 Black Hole (BH). I will briefly present 
about our final research on M62. I will also deliver the next project about the X-ray census of 
Millisecond Pulsars in the Globular Clusters. In the population of MSPs in Globular cluster, we 
compare how the MSPs population are different with galactic field and discuss what makes those 
differences between the condition system. 

Discovery of an X-ray nebula in the field of millisecond pulsar 
PSR J1911-1114

Jongsu Lee (Chungnam National University)

 We have discovered an extended X-ray feature, apparently associated with millisecond pulsar 
(MSP) PSR J1911–1114. The feature, which extends for ~1',was discovered from an XMM-Newton 
observation; the radio timing position of PSR J1911–1114 is in the midpoint of the feature. The 
orientation of the feature is similar to the proper motion direction of PSR J1911–1114. Its X-ray 
spectrum can be well-modeled by an absorbed power law with a photon index of Γ = 
1.8+0.3-0.2. If this feature is confirmed to be a pulsar wind nebula (PWN), this will be the third 
case where an X-ray PWN has been found to be powered by a MSP.
  

 



January 16 (Wednesday) - Session Ⅱ

Ultra-High-Energy Cosmic Rays and Filaments of Galaxies

Dongsu Ryu (UNIST)
 
 Ultra-high-energy cosmic rays (UHECRs) are particles of extreme energies, coming from outside 
of our Galaxy. The Telescope Array (TA) experiment recently identified a high concentration in 
the arrival directions of UHECR events, called hotspot, but the nature and origin of the hotspot 
is still unknown. Recently in a paper paper, we reported the presence of filaments of galaxies, 
connected to the Virgo Cluster, on the sky around the hotspot. Based on it, we suggested a 
model for the origin of TA hotspot events; they are produced at sources in the Virgo Cluster, 
and escape to and propagate along filaments, before they are scattered toward us. In this talk, I 
present this work.

A New MHD code for Supersonic and 
low beta Astrophysical Flows

Hanbyul Jang (UNIST)

 We present a new multidimensional magnetohydrodynamic (MHD) code specially designed for 
the extream astrophysical environments: highly supersonic or low beta flows. Existing MHD 
codes have been developed using the total energy conservation equation which can cause 
serious errors in these severe situations. There have been several attempts to solve this 
problem, and we suggest that an entropy hybrid method called MHD-ES or MHD-SE is one of 
them. Today we present a simple concept of this approach and provide numerical test problems 
to show the robustness and fidelity of our new MHD code. The code is based on the weighted 
essentially non-oscillatory (WENO) scheme to achieve the fifth order and the fourth order 
interpolated flux constrained-transport (Flux-CT4) scheme to ensure the divergence-free 
condition.
 

 



January 16 (Wednesday) - Session Ⅱ

Turbulence and Magnetic Fields in the Galaxy Clusters

Soonyoung Roh (UNIST)

 Magnetic fields in clusters of galaxies play a critical role in shaping up the intracluster 
medium. The existence of magnetic fields in clusters is demonstrated by the rotation measure of 
polarized radio galaxies and the synchrotron emission of cluster-wide diffuse sources (radio 
halos and relics). In some relics, the magnetic fields are believed to have a few μG strength and 
a Mpc scale. The observed magnetic fields are conjectured to be produced by the process of 
small-scale turbulence dynamo. Yet, the dynamo in clusters is not well understood. To 
investigate the dynamo, we simulate the development of turbulence and the follow-up 
amplification of magnetic fields in clusters using a newly developed three-dimensional 
magnetohydrodynamical code. Turbulence is induced in highly stratified backgrounds expected in 
clusters, and driven sporadically mimicking major mergers. We here present preliminary results, 
aiming to answer whether the turbulence dynamo scenario can explain observed magnetic fields 
in clusters of galaxies.

Removing large-scale variations in irregularly space data

Jungyeon Cho (Chungnam National University)
 
 In many astrophysical systems, smooth large-scale variations coexist with small-scale 
fluctuations. For example, a large-scale velocity or density gradient can exist in molecular 
clouds that have small-scale fluctuations by turbulence. Removing large-scale variation is also 
an important problem in observations with irregularly spaced data points, such as rotation 
measure observations toward extragalactic radio point sources.
 In this talk, I introduce a simple technique to remove smooth large-scale variations. Our 
technique relies on multi-point structure functions and can obtain the magnitudes of small-scale 
fluctuations.

 



January 16 (Wednesday) - Session Ⅱ

Effect of turbulence driving and sonic Mach number on
Davis-Chandrasekhar-Fermi method
Heesun Yoon (Chungnam National University)

 
 Davis-Chandrasekhar-Fermi (DCF) method is a useful tool for measuring strength of the mean 
magnetic field projected on the plane of the sky. However, the method has limitation. When 
there are many independent eddies along the line of sight, the variation of polarization angle 
will be reduced by averaging effect. Therefore, the measured strength of the magnetic field can 
be overestimated. Recently, Cho & Yoo 2016 proposed a modified DCF method that corrects 
such effect. 
 In this talk, we will discuss how turbulence driving scheme and sonic Mach number affect the 
DCF method. We compare the modified DCF method and the conventional DCF method for 
different turbulence driving schemes (the solenoidal and compressive driving) and sonic
Mach numbers.

The Contribution of Stellar Winds to Cosmic Ray Production

Jeongbhin Seo (Pusan National University)

 Massive stars blow powerful stellar winds throughout their evolutionary stages from the main 
sequence to Wolf-Rayet phases. The amount of mechanical energy deposited in the interstellar 
medium by the wind from a massive star can be comparable to the explosion energy of a 
core-collapse supernova that detonates at the end of its life. In this study, we estimate the 
kinetic energy deposition by massive stars in our Galaxy by considering the integrated Galactic 
initial mass function and modeling the stellar wind luminosity. The mass loss rate and terminal 
velocity of stellar winds during the main sequence, red supergiant, and Wolf-Rayet stages are 
estimated by adopting theoretical calculations and observational data published in the literature. 
We find that the total stellar wind luminosity due to all massive stars in the Galaxy is about 
≈×  , which is about 1/4 of the power of supernova explosions,

≈× . If we assume that ~1-10 % of the wind luminosity could be converted to 
Galactic cosmic rays (GCRs) through collisonless shocks such as termination shocks in stellar 
bubbles and superbubbles, colliding-wind shocks in binaries, and bow-shocks of massive 
runaway stars, stellar winds might be expected to make a significant contribution to GCR 
production, though lower than that of supernova remnants.



January 17 (Thursday) - Session Ⅰ

Proton Acceleration in Weak Quasi-parallel Shocks 
in High Beta Intracluster Medium

Hyesung Kang (Pusan National University)
 
 Collisionless shocks with low sonic Mach numbers,  ≤ , are expected to accelerate cosmic 
ray (CR) protons via diffusive shock acceleration (DSA) in the intracluster medium (ICM) of 
galaxy clusters. However, observational evidence for CR protons in the ICM has yet to be 
established. We study the acceleration of CR protons in weak quasi-parallel shocks in high 
≈  plasmas, using particle-in-cell plasma simulations. We find that only in supercritical 
shocks with    a sufficient fraction of incoming protons are reflected by the overshoot in 
the shock electric potential and energized via shock drift acceleration. Then those nonthermal 
protons excite via CR streaming instabilities turbulent magnetic waves in the foreshock, which 
are essential to DSA. Since a significant fraction of ICM shocks have   , this may explain 
why the diffuse gamma-ray emission from galaxy clusters due to proton-proton collisions has 
not been detected so far.

Electron acceleration in Weak Quasi-perpendicular Shocks
 in High-beta Intracluster Medium

Ji-Hoon Ha (UNIST)
 
 Giant radio relics in the outskirts of galaxy clusters are interpreted as synchrotron emission 
from relativistic electrons accelerated via diffusive shock acceleration (DSA) in weak shocks of 
Ms<3 in the hot intracluster medium (ICM). In the DSA theory, the particle momentum should be 
greater than a few times the momentum of thermal proton to cross the shock transition. In the 
thermal equilibrium, the momentum of thermal electrons is much smaller than the momentum 
of thermal protons, so electrons need to be pre-accelerated to the injection momentum before 
they can participate to the DSA. To investigate the electron injection problem, we study the 
electron pre-acceleration in weak quasi-perpendicular shocks (Ms = 2.0 – 3.0) in a high-beta 
ICM plasma (kT = 8.6 keV, beta = 100) through 2D particle-in-cell simulations.
 It is known that in quasi-perpendicular shocks a substantial fraction of electrons satisfying 
pitch-angle and energy criteria could be reflected upstream, gain energy via shock drift 
acceleration (SDA), and generate oblique waves via the electron firehose instability (EFI), leading 
to the electron injection to a Fermi-like acceleration process. We find that such kinetic 
processes are effective only in supercritical shocks above a critical Mach number, Ms* ~ 2.3. 
This result should have implications for the origin and nature of radio relics.



January 17 (Thursday) - Session Ⅰ

Particle acceleration in low-Mach astrophysical shocks

Allard Jan van Marle (UNIST)
 
 The shocks that occur when galaxy clusters collide are characterized by having a low sonic 
Mach number, while at the same time having a high Alfvenic Mach number, leading to a 
plasma-beta of approximately 100. We investigate whether these shocks are capable of 
accelerating particles sufficiently to contribute to the cosmic ray spectrum.
 Although analytical predictions have shown that even shocks with extremely low sonic Mach 
numbers (~1.1+) should be capable of accelerating particles, observations with Fermi-LAT of 
galaxy cluster interaction  shocks have failed to detect the diffuse gamma-ray emission that 
would result from the collision between accelerated protons and thermal protons, indicating that 
these shocks are likely to be less efficient in accelerating particles than expected from the 
analytical model. PIC simulations (Ha et al. 2018)  showed that higher sonic Mach (2.25+) 
numbers are required,  which could help to explain the lack of observed gamma-ray radiation. 
 We now continue these simulations using a combined PIC-MHD code, which allows us to 
simulate a larger spatial volume as well as following the shock over longer periods of time. Our 
results indicate that even at Mach numbers of 2.25-2.85, particle acceleration is only partially 
effective due to the behaviour of the magnetic field in the upstream medium. Only shocks with 
sonic Mach numbers above this range can be considered to be truly efficient particle 
accelerators.

Suprathermal spontaneous emissions in space plasmas

Sunjung Kim (UNIST)

 Predictions are made for the existence of a suprathermal spectral component inthe 
spontaneous electromagnetic emissions of kappa-distributed plasma populations from the 
astrophysical and laboratory setups. The theory and simulations provide the full spectrum of 
suprathermal emissions with maximum of intensities corresponding to the plasma eigenmodes. 
Quantitative estimations are of particular importance in the quasi-thermal noise spectroscopy, 
which is currently developed for the upcoming space missions as an alternative technique of 
diagnosis of the very hot and dense plasma close to the Sun, where direct measurements are 
technically impossible. Contrasting patterns of suprathermal
emissions may confirm the coronal origin of the suprathermal populations observed in the solar 
wind.



January 17 (Thursday) - Session Ⅰ

Turning point in late time cosmological evolution?

Maurice van Putten (Sejong University)
 
 We discuss H0 tension in light of the Swampland conjecture, that precludes de Sitter vacua 
and hence LambdaCDM to all orders today. An analytic solution with dynamical dark energy in 
late-time cosmology is presented, that alleviates this tension consistent with the Riess et al. 
value of 73-74 km/s/Mpc. We present a novel observational prediction for a turning point in 
H(z) at z~0.07. 
(O Colgain, van Putten & Yavartanoo, 2028, arXiv:1807,07451) 

Orbital stability around binaries for corotation 
and counter rotation

Chaelin Hong (Sejong University)
 
 We present a general N-body exasolar system simulator in anticipation of upcoming searches 
for exoplanets and even exomoons by next generation telescopes such as the James Webb Space 
Telescope (JWST) and the Extremely Large Telescope (ELT). For habitable zones, traditionally 
defined by temperature, we here address the essential problem of dynamical stability of 
planetary orbits around binary. Illustrative examples are presented on P-type orbits in stellar 
binary systems, that should be fairly common as in Kepler 16b. We build on unrestricted 
coplanar three-body systems extending classic work of Dvorak (1986). We revisit his upper and 
lower critical orbit (UCO, LCO) marking a change in stability from stable (above UCO) to 
unstable (below LCO). The width of the gap between UCO and LCO is found to be about 7 % in 
the corotation case and 25 % in the counter rotation case, where the second lies below the 
first. Counter rotation is hereby more stable even though it is more chaotic. Thus, around 
low-luminosity binaries, the habitable zone may still be populated with planets on counter 
rotating orbits. The gap between UCO and LCO follows a transition radius r^+_g = 2.36 + 2.18e - 
1.11 e^2 and r^-_g  = 0.83 - 2.45e - 0.07e^2 for corotation and respectively, counter rotation of 
the third body (the planet). Our r^+_g agrees with the same of Dvorak to within 0.35%. 
 The accurate numerical results presented here based on adaptive integration using MATLAB 
ODE45 may also serve as a novel benchmark of accurate N-body integrators of exosolar 
systems.
 



January 17 (Thursday) - Session Ⅰ

Global climate by Rossby number in the solar system planets

Sora Lee (Sejong University)
 
 On the largest scales, planetary climates can be described by their Rossby number (Ro). As a 

buoyancy driven flow on a rotating sphere, Ro is in response to , where Gr is the 

Grashof number and Re is the Reynolds number. We here simplify  as , where 
 with  for a planet with surface gravity g, period P and equatorial 

velocity . We determine a correlation between Ro and  expressed as a power law with index 
α based on wind velocities of planets in the solar system. Results using average and, 
alternatively, maximum wind velocities give α approximately equal to 0.53, respectively, 0.55. 
This positive correlation indicates a typically global clement climate when  is of order unity.

X-ray Study on Molecular Dynamics

Chae Un Kim (UNIST)
 
 Proteins must fluctuate to perform cellular functions, such as enzymatic catalysis, 
protein-protein interactions, and interactions with DNA and RNA. The time scale of protein 
dynamics is typically ranging from ps to ms, requiring various techniques to cover different 
time regimes. In this presentation, we will first explain some of the latest X-ray techniques to 
study protein dynamics. Those will include time-resolved small angle X-ray scattering, diffuse 
scattering analysis, temperature-controlled X-ray crystallography, cryo-trapping X-ray 
crystallography, and fs pump-probe serial crystallography. Afterwards, we will describe the 
experimental results on human carbonic anhydrase II (hCA II), revealing the restoration 
mechanism of the proton transfer solvent network during hCA II catalysis.



January 17 (Thursday) - Session Ⅱ

Spectroscopic study of 19Ne for astrophysical implication

Duhyun Kim (Sungkyunkwan University)

 The half-life of the 18F isotope (T1/2 ~ 2 hours) is long enough to survive until the nova 
outburst becomes transparent to the gamma-rays. When a positron is produced through the 
beta decay of the nucleus, a 511 keV gamma ray is emitted due to immediate annihilation. This 
gamma ray flux corresponding to the 18F abundance is a good candidate to give insights on the 
properties of the expanding nova envelope and explain outcomes of gamma-ray emission in 
classical novae. Since the 511 keV gamma flux has a large uncertainty (by a factor of 1-5) in 
observations, the yield study of the 18F isotope is highly demanded. Hence, the destruction 
process of the isotope via the 18F(,)19Ne, 18F(, )15O reactions and its beta-decay should be 
addressed. Notice that the variation of these reaction rates results an uncertainty of the 18F 
yield by a factor of ~300. To reduce inexplicitness of the astrophysical rates of these reactions, 
more accurate experimental cross sections data are highly required. However, direct 
measurements of these reaction cross sections are still very difficult due to the requirements of 
the low-energy high-intensity 18F radioactive ion beam. Therefore, indirect methods for studying 
these reactions should be considered. Since the 18F(,)19Ne, 18F(, )15O reactions proceed on top 
of the compound nucleus, 19Ne, the experimental study of the 16O(6Li,)19Ne transfer reaction can 
be an alternative of the direct measurements. In this work, the astrophysical importance of the 
18F+ reactions and the design of the 16O(6Li,)19Ne experiment using 6Li beam from tandem 
accelerator in Kyushu university are discussed in details. 

Astrophysical implications of the (n,) reactions

Nguyen Kim Uyen (Sungkyunkwan University)

 Nuclear physics has emerged as a good candidate to study astrophysics since early 1930’s. The 
nucleosynthesis of the elements in stars is believed to proceed via a large number of nuclear 
reactions from the fusion to the processes of the neutron, proton or gamma captures. While the 
fusion reactions generate the isotopes up to iron, the heavy isotopes beyond iron are 
synthesized via s-, r- and p-processes. The s- and r-processes play key roles in 
nucleosynthesis at the early stage of the heavy isotope production. The combination of the 
neutron capture reaction (n,) and the b-decay impacts on the stellar models and the anomalies 
in astrophysical observations such as the uncertainty of the isotope abundance in meteorites. In 
this talk, we will present an overview of the s-, r-processes and the astrophysical implications 
of the (n,) reactions. For instance, the 181Ta(n, )182Ta, 59Co(n, )60Co and 51V(n,)52V together 
with 52Cr(n,)53Cr reactions might impact on the anomalies of the 182W/184W, 59Co/60Ni and 
54Cr/52Cr ratios, respectively. The relevant measurements to study ratios will be presented in 
detail during the presentation. 



January 17 (Thursday) - Session Ⅱ

Overview of accelerator projects in Korea and their possible 
uses for laboratory astrophysics

Moses Chung (UNIST)
 
 Several large-scale accelerator facilities are operational or under construction in Korea, such 
as the Pohang Accelerator Laboratory X-ray Free Electron Laser (PAL-XFEL) and the Rare 
Isotope Science Project (RISP). These accelerator projects open up new opportunities in basic 
science researches in Korea, and provide excellent platforms particularly for laboratory 
astrophysics.
 The laboratory astrophysics is a new emerging field of basic sciences, and has tremendous 
discovery potentials. The laboratory astrophysics investigates the basic physical phenomena in 
the astrophysical objects in controlled and reproducible manners, which has become possible 
only recently due to the newly-established intense ion and photon beam facilities worldwide. In 
Korea, however, no concrete laboratory astrophysics program has yet been established within 
the scope of the accelerator projects mentioned above.
 In this talk, we present several promising ideas for laboratory astrophysics programs that 
might be readily incorporated in the accelerator projects in Korea. For example, spectroscopy 
experiments using Electron Beam Ion Trap (EBIT) and intense X-ray photons from the PAL-XFEL 
can be performed to explore the fundamental processes in high energy X-ray phenomena. 
Measurements of nuclear reaction rates relevant to rare isotopes by utilizing the RISP facility 
will enable us to investigate the effect of reaction rates on explosive phenomena around the 
astrophysical compact objects.
 In many violent astrophysical events, the energy density of matter becomes so high that the 
traditional plasma physics description becomes inapplicable. Generation of such high-energy 
density states can be achieved by using the intense photon beams available from the PAL-XFEL. 
Understanding the interactions between the intense photons and over-dense plasmas (such as 
those produced in solid targets or foils) will be useful not only for the astrophysics, but also for 
the study of laser acceleration of protons and ions.

Future X-FEL experiment with the UNIST-EBIT

SungNam Park (UNIST)

 In order to do the X-ray spectroscopy of the highly charged ions(HCIs) related with the 
astrophysics, electron beam ion trap(EBIT) is under construction at UNIST. The compact, easily 
portable table-top mini-EBIT can be connected to accelerator facilities such as PLS-II(3rd 
generation) or PAL-XFEL(4th generation) to do such experiments. By getting insight from last 
BESSY-II(Berlin) and PETRA-III(Hamburg) experiments, in this work, we discuss future 
experiments with UNIST-EBIT at PAL-XFEL. Unlike the cryogenic EBIT, the mini-EBIT with an 
on-axis electron gun which generates up to 8 keV energy-tunable electron beam, and a 0.86 T 
room-temp permannet magnets, allows us to do the X-ray spectroscopy of the HCIs in a cost 
effective and low maintenance way.
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Ion Trap Experiments: Antiproton Trap, EBIS and EBIT

Kyoung-Hun Yoo (UNIST)
 
 Charged particle beam can be confined in the ion trap and manipulated properly for each 
purpose. The GBAR experiment (Gravitational Behaviour of Antihydrogen at Rest) at CERN has 
been proposed to measure the gravitational acceleration of ultracold antihydrogen atoms [1]. In 
this experiment, antihydrogen ions are produced by antiprotons and positronium atoms at first. 
Then, antihydrogen atoms are produced for the free fall experiment after the photo-detachment 
of excess positrons from the cold antihydrogen ions. The cross section for the reaction between 
antiprotons and positroniums increases as their energy decrease [2]. That is, to make the 
productivity of the antihydrogen ions higher, the energy of the antiprotons should be decreased. 
In this regard, an antiproton trap is being designed and developed to slow down the antiproton 
beams after the Decelerator, and cool them by means of the electron cooling technique. On the 
other hand, the Rare Isotope Science Project (RISP) of IBS in Korea is constructing the RAON, 
which is a heavy ion accelerator facility for fundamental sciences. This facility is designed to 
produce various Rare Isotope (RI) beams for nuclear physics experiments. The Electron Beam 
Ion Source (EBIS) will be used to supply RI beams after charge breeding [3]. The EBIS charge 
breeder will produce the Highly Charged Ions (HCIs) for RI beams. Additionally, the Electron 
Beam Ion Trap (EBIT) is being developed at UNIST for the astrophysics experiments. Similar to 
the EBIS charge breeder, the HCI is produced in EBIT, so by using this HCI at the PAL-XFEL 
facility the X-ray spectroscopy experiments related to astrophysical phenomena will be 
conducted. The Intense Beam and Accelerator Laboratory (IBAL) at UNIST actively participates 
all of these experiments and develops key equipment for each experiment, which have many 
common features. They commonly consist of the magnets, cylindrical electrodes, e-gun, 
ultrahigh vacuum system, and control/power electronics. In this work, the progress of each part 
of the Antiproton Trap, the EBIS and the EBIT, and the plan of the UNIST EBIT will be 
presented.
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