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APCTP MilestonesAPCTP Milestones

• A hub-institute of theoretical physics in Asia Pacific region 
to facilitate collaboration & exchange of scientists
to provide a platform for scientists of less advanced region

• Currently, 17 member economies (entities) in the Asia Pacific regions & 
34 partner institutes (including IUPAP, AAPPS, KPS, ICTP,  ECT*, IOP-CAS, ISSP, IBS, etc.)

• APCTP headquarters located in Pohang (POSTECH), Republic of Korea
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APCTP Activities

• Academic Activity Hub

✓ Int’l/Domestic Conference/Workshop/etc.

✓ Topical Research Program (TRP) APEC TRP

✓ Benjamin Lee Professorship

• In-house Research

✓ Junior Research Group (JRG)

✓ Young Scientist Training Program (YST) APEC YST

✓ Senior Advisory Group (SAG)

• International Cooperation

✓ Cooperation with APEC, AAPPS

✓ Publication of the AAPPS Bulletin

APCTP Activities
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Year ’12 ’13 ’14 ’15 ’16 ’17 `18 `19 `20 `21 Average
No. Of 

participants 2,438 3,001 2,515 2,753 3,449 2,607 2,989 3,379 3,367 6,554
3,305/
year

Academic ActivitiesAcademic Activity Hub
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REVIEW ARTICLE Open Access

Status on lattice calculations of the
proton spin decomposition
Keh-Fei Liu

Abstract
Lattice calculations of the proton spin components is reviewed. The lattice results of the quark spin from the
axial-vector current matrix element at ∼0.3 − 0.4 is smaller than those from the constituent quark models. This is
largely due to the fact that the vacuum polarization contribution from the disconnected insertion is negative. Its
connection with the anomalous Ward identity is clarified and verified numerically. This resolves the contentious issue
in the “proton spin crisis.” The glue spin and angular momentum are found to be large and there is notable
contribution from the quark orbital angular momentum. Renormalization, mixing, and normalization of the quark and
glue angular momenta are discussed. With sufficient precision, they can be compared with more precise
experimental measurements when the electron-ion collider facility is available.

Keywords: Quark spin, Gluon spin, Quantum chromodynamics, Lattice QCD

1 Introduction
Prior to the advent of quantum chromodynamics (QCD),
the structure andmass of hadrons are delineated by the SU
(6) non-relativistic quark model. Much like the other non-
relativistic systems, where the total spins of atoms and
nuclei are the vector sums of the spins and orbital angu-
lar momenta of their constituents, the spin of the proton
is from the sum of the spins of the three valence quarks
(uud) in the quark model. Thus, it came as a total surprise
when it was found in the deep inelastic scattering (DIS)
EMC experiment of polarized muon on polarized proton
that the quark spin contributes very little to the proton
spin (!"(Q2 = 10GeV2) = 0.060 ± 0.047 ± .069) [1–
3]. The integral of the EMC result on the singlet structure
function g1(x,Q2) over x deviates significantly from the
Ellis-Jaffe sum rule [4] which is based on the constituent
quark model picture. Since this discovery has upended
the conventional wisdom at the time, it has sparked spir-
ited discussions and debates. In view of the theoretical
quandary and the lack of consensus in the community,

Correspondence: liu@g.uky.edu
Department of Physics and Astronomy, University of Kentucky, Lexington
40506, KY, United States

this has been dubbed the “proton spin crisis.” The cen-
tral issue of contention resides on the interpretation of
the experimental result—whether the experimental result
is measuring the quark spin alone or the combination of
the quark and glue spins. This originated from the impli-
cation of the anomalous Ward identity (AWI) which, for
the flavor-singlet case, involves a glue topological density
term. As will be explained later in Sec. 3, this issued is
resolved by the lattice calculation.
Since the quark spin contribution does not saturate the

proton spin (the latest global analysis of experiments give
the quark spin at the ∼ 30% level [5–7]), this raises the
question as to where the rest of the proton spin resides.
The obvious candidates include glue spin, quark orbital
angular momentum, and glue orbital angular momentum.
A number of experimental efforts have been carried out
or planned to search for these components. These include
the polarized pp experiment at RHIC to extract glue helic-
ity [8–10], the deeply virtual Compton scattering (DVCS)
and deeply virtual meson production (DVMP) experi-
ments at the JLab [11], HERMES [12] and COMPASS [13]
to extract quark orbital angularmomentum from themea-
suredGPD. Future experiments at the electron ion collider
(EIC) [14, 15] will have larger kinematic coverage to go

© The Author(s). 2022 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The
images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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Topology change, emergent
symmetries and compact star matter
Yong-Liang Ma1,2* and Mannque Rho3

Abstract
Topology effects have being extensively studied and confirmed in strongly correlated condensed matter physics. In
the limit of large number of colors, baryons can be regarded as topological objects—skyrmions—and the baryonic
matter can be regarded as a skyrmion matter. We review in this paper the generalized effective field theory for dense
compact-star matter constructed with the robust inputs obtained from the skyrmion approach to dense nuclear
matter, relying on possible “emergent” scale and local flavor symmetries at high density. All nuclear matter properties
from the saturation density n0 up to several times n0 can be fairly well described. A uniquely novel—and
unorthdox—feature of this theory is the precocious appearance of the pseudo-conformal sound velocity
v2s /c

2 ≈ 1/3, with the non-vanishing trace of the energy momentum tensor of the system. The topology change
encoded in the density scaling of low energy constants is interpreted as the quark-hadron continuity in the sense of
Cheshire Cat Principle (CCP) at density! 2n0 in accessing massive compact stars. We confront the approach with the
data from GW170817 and GW190425.

Keywords: Topology change, Emergent symmetry, Compact star matter, Gravitational wave

1 Introduction
The structure of dense nuclear matter relevant to compact
stars has been investigated for several decades but still
remains largely uncharted. Unlike at high temperature, so
far, the physics at high density can be accessed by neither
terrestrial experiments nor lattice simulation. Recently,
the observation of massive neutron stars with mass !
2.0M" and detection of gravitational waves from neu-
tron star mergers provide indirect information of nuclear
matter at low temperature and high density, say, up to
∼ 10 times the normal nuclear matter density n0 $ 0.16
fm−3 [1–6]. These new developments offer the power-
ful means to explore the nuclear matter in the interior of
the compact stars, for example, the patterns of the sym-
metries involved therein, what is in the core of the stars,
say, baryons and/or quarks and a combination thereof. For

*Correspondence: ylma@ucas.ac.cn
1School of Fundamental Physics and Mathematical Sciences, Hangzhou
Institute for Advanced Study, UCAS, Hangzhou 310024, China
2International Center for Theoretical Physics Asia-Pacific (ICTP-AP)
(Beijing/Hangzhou), UCAS, 100190 Beijing, China
Full list of author information is available at the end of the article

recent discussions on these aspects, we suggest, e.g., Refs.
[7–14] and some relevant references therein.
The study of nuclear matter in the literature has largely

relied on either phenomenological approaches anchored
on density functionals or effective field theoretical models
implemented with assumedQCD symmetries and degrees
of freedom appropriate for the cutoff to which the the-
ory is applicable. For finite nuclei as well as the infinite
nuclear matter up to ∼ n0, the physics can be described
very well by using the nuclear effective theory with or
without pion, in addition to the nucleon [7, 15] (denoted
as sχEFT). However, in the dense system relevant to the
compact stars at ∼ 10n0, the sχEFT is believed to break
down. Then, to construct an effective theory for compact
star matter, one should consider the following facts which
may not be independent: What the interior of the star
could consists of, baryons and/or quarks, and a combi-
nation thereof? Whether and how the relevant degrees of
freedom of QCD—the gluons and quarks—intervene? Are
phase transitions involved in the core of the massive stars?

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The
images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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Updates on the QCD phase diagram
from lattice
Sayantan Sharma

Abstract
Different aspects of the phase diagram of strongly interacting matter described by quantum chromodynamics (QCD),
which have emerged from the recent studies using lattice gauge theory techniques, are discussed. A special emphasis
is given on understanding the role of the anomalous axial U(1) symmetry in determining the order of the finite
temperature chiral phase transition in QCD with two massless quark flavors and tracing its origin to the topological
properties of the QCD vacuum.

1 Introduction
Understanding the phase diagram of strongly interacting
hadronic matter described by quantum chromodynamics
(QCD) is of fundamental importance, as it enables us to
explain the origin of mass of 99.9% of the visible mat-
ter in the present universe. It has motivated large scale
experiments from the Large Hadron Collider at CERN to
the Relativistic Heavy Ion Collider at Brookhaven. Unrav-
eling the nature and phases of QCD is one of the most
challenging problems in modern theoretical physics, since
much of it is driven by non-perturbative interactions. Lat-
tice QCD is one of the most successful non-perturbative
methods available to us. Using lattice techniques, it has
been conclusively demonstrated that the phase transition
in 2+1-flavor QCD, at vanishingly small baryon densities
that may have occurred in the early epoch of cosmo-
logical evolution of the universe, is a smooth crossover
[1–3]. Bulk thermodynamic quantities like entropy den-
sity, pressure and the equation of state (EoS) at vanishingly
small baryon densities are now known to a very high
precision [4, 5] and more recently the continuum esti-
mates for the EoS available at baryon densities as large
as µB/T ∼ 2.5 [6]. Lattice techniques are now becom-
ing sophisticated enough to provide fundamental insights
on the more microscopic details of different phases of
QCD, in particular, on the origins of chiral symmetry

The Institute of Mathematical Sciences, HBNI, Chennai 600113 India

breaking and confinement that drive the phase tran-
sition in QCD. Understanding the mechanism behind
the confinement of color degrees of freedom in gauge
theories is one the most intriguing problems of contem-
porary research and any progress made towards under-
standing this phenomenon will definitely be an important
milestone.
In this review article, updates and latest results on the

QCD phase diagram at vanishingly small baryon densities,
from very recent lattice studies will be discussed. Differ-
ent phases of QCD as a function of the quark masses
have been summarized in the famous Columbia plot. I
will discuss about the current status of the Columbia plot
and how a detailed understanding of it can in turn enrich
our understanding of the phase diagram of QCD with
physical quark masses. Moreover, I will further explain
how the different phases in the Columbia plot provide
us with insights about the intimate connection between
chiral symmetry breaking and confinement. Both these
phenomena are believed driven by topological properties
of QCD, thus providing us with further insights about the
vacuum structure of QCD. In recent years, the Columbia
plot is studied on the lattice including a new axis to it,
defined by an imaginary quark chemical potential. I will
conclude this article with the new results coming from
these studies. Throughout this article, the connection of
the phase transition in QCD to the topological properties
of the vacuum will be stressed.

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The
images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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Four-quark matter—a new era of
spectroscopy
Zhiqing Liu

Abstract
In 1964, both Gell-Mann and Zweig proposed the famous Quark Model in particle physics, which tells us hadrons are
built of three quarks (baryons) or quark anti-quark pair (mesons). However, the theory of strong
interaction—QCD—allows the existing of hadrons beyond the conventional baryon and meson picture. These new
hadron states are called exotic hadrons, and have been searched for over the past half century. In this review, I will
introduce you the discovery of a new particle called Zc(3900), which is considered as the first convincing four-quark
particle. The observation of four-quark matter gains great interest in particle physics, and triggered subsequent
intensive study of exotic hadrons, which brings us to a new era of hadron spectroscopy and refreshes our knowledge
about the hadronic matter in our universe.

1 Introduction
Particle physics basically study the fundamental struc-
ture, i.e., the elementary building blocks of matter in
our universe—by far we know they are quarks, leptons,
etc.—and also the fundamental force governing them—
the strong, weak, electromagnetic, and gravity forces.
Regarding the structure of matter, it is an old philos-
ophy question, but also a very modern one. We know
atoms have internal structure—they are built of nucleus
and electrons; and nucleus are further built of protons
and neutrons. Both protons and neutrons are still not
elementary, they have internal structure and are built of
quarks.
In the 1960s, there are lots of new particles observed

both in cosmic rays and lab experiments. Classifying them
in a proper way seems to be the only way out, since not all
of them look elementary. Both Gell-Mann and Ne’eman
developed a classification scheme called “Eightfold Way”
- SU(3) flavor symmetry [1, 2], which arranges the par-
ticles into several multiplets and also predicts a missing
!− baryon with a mass 1676 MeV/c2 in the baryon decu-
plet [1, 3]. Shortly later in 1964, experiments at BNL

Correspondence: z.liu@sdu.edu.cn
Institute of Frontier and Interdisciplinary Science, Shandong University,
Qingdao, Shandong Province 266237, China

discovered it with a mass 1686 ± 12 MeV/c2 [4], which
agrees with prediction well. The big success of the “Eight-
fold Way” in classifying particles leads to the birth of the
Quark Model [5], which was proposed by Gell-Mann and
Zweig independently and reveals the nature behind. In
the Quark Model, quarks are introduced as the elemen-
tary particles. And hadrons, bound states of quarks via the
strong interaction, are made of three quarks qqq (called
baryons) or quark anti-quark pairs qq̄ (called mesons).
The Quark Model also points out other quark combina-
tions such as qqq̄q, qqqqq̄ could form hadrons, but not too
much attention is caught just because the simple baryon
and meson picture works so beautifully since then.
Nowadays, after 50 years, the Quark Model is still a

powerful tool to describe hadrons. As an example, the
LHCb experiment observed a new baryon "++

cc in 2017,
with a mass 3621.24 ± 0.65 ± 0.31 MeV/c2 and a life
time τ = 256+24

−22 ± 14 fs [6]. These properties agree
well with the Quark Model prediction for a spin- 12 baryon
with a quark content ucc. Many other observations con-
sistent with the Quark Model are also widely present by
experiments recently [7].
The fundamental force to bind quark together is the

strong interaction, and the theory to describe strong
interaction is quantum chromodynamics (QCD). In the
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Onmass and matter
Craig D. Roberts1,2

Abstract
The visible Universe is largely characterised by a single mass scale, namely, the proton mass,mp. Contemporary theory
suggests thatmp emerges as a consequence of gluon self-interactions, which are a defining characteristic of quantum
chromodynamics (QCD), the theory of strong interactions in the Standard Model. However, the proton is not
elementary. Its mass appears as a corollary of other, more basic emergent phenomena latent in the QCD Lagrangian,
e.g. generation of nuclear-size gluon and quark mass-scales, and a unique effective charge that may describe QCD
interactions at all accessible momentum scales. These remarks are explained herein, and focusing on the distribution
amplitudes and functions of π and K mesons, promising paths for their empirical verification are elucidated.
Connected therewith, in anticipation that production of J/ψ -mesons using π and K beams can provide access to the
gluon distributions in these pseudo-Nambu-Goldstone modes, predictions for all π and K distribution functions are
provided at the scale ζ = mJ/ψ .

1 Introduction
In looking at the known Universe, one could be awed
by the many complex things it contains. Even the Earth
itself is complicated enough to generate questions in the
minds of we observers; basic amongst them are those
which focus on our own existence and composition. Here,
too, there are many levels to be explored, right down to
the nuclei at the core of every atom and molecule, and
even deeper, to the neutrons and protons (nucleons) that
constitute those nuclei. Faced with all this, physicists nev-
ertheless assume that a few succinct mathematical rules
should be sufficient to provide a complete explanation of
everything we can now perceive and which might become
perceptible in future. That may be correct or it might be
hubris [1], but it would be a bold observer who today
offered a definitive answer.
Whether or not Nature can be reduced to an explana-

tion expressed in a few mathematical rules, this approach
has been remarkably successful in many areas. Given that
most of the audience will be reading this document on a
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laptop, after having retrieved it from a remote server, no
other illustration is necessary.
So, what is the most fundamental Lagrangian that sci-

ence has developed to the point that testing is a reality and
falsification has thus far been evaded? Here the definition
of “most fundamental” might be contentious, but a fair
candidate is the Standard Model of particle physics (SM).
This theory was made complete by discovery of the Higgs
boson at the large hadron collider in 2012 [2, 3], resulting
in the subsequent award of the Nobel Prize in Physics to
Englert and Higgs [4, 5] “. . . for the theoretical discovery of
a mechanism that contributes to our understanding of the
origin of mass of subatomic particles . . . ”.
As Nature is now understood, the Higgs boson, or

something like it,1 is essential to the formation and evolu-
tion of our Universe. For instance, the Higgs mechanism
provides large masses to the weak-force gauge bosons,
thereby ensuring that weak interactions are short range
and protecting against the destabilising influence of elec-
trically charged bosons that propagate over great dis-
tances, and making down (d) quarks more massive than

1It was long ago suggested that all J = 0 bosons may be [6] “. . . secondary
dynamical manifestations of strongly coupled primary fermion fields and
vector gauge fields . . . ”, in which case the SM’s elementary Higgs boson might
also be composite.
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Vector mesons in medium
Su Houng Lee

Abstract
After decades-long attempts to measure the mass shift and understand the origin of hadron mass, it became clear
that one has to analyze hadrons with small vacuum width. Also, to identify the effect of chiral symmetry breaking, one
has to start by looking at chiral partners. Such considerations inevitably points to studying K∗ and K1 in matter. The
masses of both particles can potentially be measured from nuclear target based experiments and/or heavy ion
collisions. Once the masses and mass difference of K∗ and K1 mesons are measured, we will be closer to
understanding the origin of hadron mass and the effects of chiral symmetry breaking. We will review the topic using
the operator product expansion (OPE) perspective.

1 Introduction
Traditionally, the mass of a composite particle can be
expressed in terms of the masses of its constituents and a
small binding energy. This picture does not hold for the
mass of a hadron. This is because the origin of a hadron
mass is intricately related to the low energy property of
QCD, such as confinement and chiral symmetry breaking
effects, which are analytically still not completely under-
stood. It is known that chiral symmetry breaking is partly
responsible for the generation of mass [1–5]. Therefore,
if one can identify the effect of chiral symmetry breaking
on the masses of hadrons, we will be able to build models
and then a theory to understand the origin of the masses
of hadrons.
In the original in-medium QCD sum rules [4], the

changes of the vector meson masses were dominantly due
to the change of the 4-quark condensate for the light
quark system and the strange quark condensate for the
strange quark system. Experiments have since then been
performed worldwide to observe mass shift of hadrons at
finite temperature or density [6, 7].
Experimental as well as theoretical efforts so far have

led us to the following conclusions [8]. (1) Dilepton spec-
tra do not suffer from strong final state interaction with
the medium when the signal emanates from inside the
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nucleus but has many sources and is low in the yield. (2)
Nuclear target experiments have the advantage that the
target density remains constant and that even at nuclear
matter density, the order parameter is known to decease
by almost 30%. (3) While reactions involving hadronic
decays have final state interaction effects, the problem can
be overcome by focusing on mesons with small width in
the vacuum and then combining themeasurement of exci-
tation functions and the transparency ratios [9]. (4) The
individual meson mass could behave differently depend-
ing on whether the hadron is in nuclear matter or at finite
temperature, but the mass difference between chiral part-
ners will only depend on the chiral order parameter and
should be universal [10]. Therefore, it is important tomea-
sure the mass shift of chiral partners simultaneously to
establish the basis for mass shift and chiral symmetry
restoration and then look at the individual masses.
There is a universal feature that is affected by chi-

ral symmetry breaking. In fact, the question of whether
chiral symmetry breaking is the origin of the hadron
mass can be answered by isolating the chiral symme-
try breaking effects in the vacuum. In the past, simi-
lar question has been addressed in lattice gauge theory,
where the hadronic correlation functions have been stud-
ied after the short distance Coulomb and confinement
physics have been eliminated through the lattice cool-
ing process [11]. As we will see, using operator product
expansion (OPE), one can also isolate chiral symmetry
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• Young Scientist Training Program (YST), APEC YST: With the stimulating and active scientific

environment, a variety of scientific activities and in-house researchers, the Center gives an opportunity to

young promising physicists (scientists) from the Asia Pacific region to increase their research capability.

• Junior Research Group (JRG): The Center collectively supports and funds outstanding mid-career

physicists’ inspirational ideas and their research projects. Each group leader can organize a research group

and run it independently. All JRGs have successfully achieved their best results with noticeable
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researchers provide active support for the young scientists of the

Center through collaborative research activities such as mentoring,

consulting, advisory sessions and lectures for innovative research

outcomes.
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Junior Research Groups

• Black Holes, Quantum Gravity and String Theory

• String Theory and QCD

• Dualities in String/M-theory and Quantum Gravity

• Observational Cosmology

• Physics Beyond the Standard Model and Its  

Phenomenology

• Physics of Matter at Non-Equilibrium

• Electronic Structure and Magnetism

• Non-Equilibrium Many-Body Physics

• Holography and Black Holes

• Interfaces and Defects in Strongly Coupled Matter



Activities of Korean 
Community (2017~)



Schools
• Nuclear Physics School (in Korea)


• Annual activity organized by the DNP of KPS under the support 
from APCTP since 2001 

• Nuclear Physics School 2018
• June 25-29, 2018, APCTP, Pohang
• Speakers

• Chueng-Ryong Ji (North Carolina State Univ.): 
Hadron Physics and QCD on the Light Front
• Charles Hyde (Old Dominion Univ.) & 

Abhay Deshpande (Stony Brook Univ.): Selective 
Topics in RHIC and EIC Physics




Workshops 
Workshop on Nucleon and Resonance Structure with Hard Exclusive Processes,
IPN Orsay, France, May 29-31, 2017 

2017



Exploring Hadrons with Electromagnetic Probes: Structure, Excitations, Interactions,
JLAB, Nov. 2-3, 2017 

Discussions on the possible international collaborations between Korea and the USA

2017



2018

The Nature of Hadron Mass and Quark-Gluon Confinement from JLAB Experiments 
in the 12-GeV Era, APCTP, Pohang, July 1-4, 2018 

The Nature of Hadron Mass and Quark-Gluon Confinement  
from JLab Experiments in the 12-GeV Era 

https://www.apctp.org/plan.php/JLab-12GeV


July 1-4, 2018

Asia Pacific Center for Theoretical Physics, Pohang, Korea


Sunday 7/1

Session I (Convener: Y. Oh)

8:45 AM Welcome and Introductory Remarks Y. Bang (President of 
APCTP)

9:00 AM EIC and Nuclear Femtography Jianwei Qiu (JLab)

9:30 AM US Electron Ion Collider and the Path Forward Abhay Deshpande 
(Stonybrook Univ.)

10:00 AM Hadron Physics at J-PARC Shinya Sawada (KEK)

10:30 AM Coffee Break

10:50 AM Parton Distributions in the Nucleon and Pion Wally Melnitchouk (JLab)

11:20 AM GW Partial Wave Analyses: From Photo- to Electro-
production

Igor Strakovsky (George 
Washington Univ.)

11:50 AM Constraints from Finite-Energy Sum Rules on Inclusive 
Electron and Virtual Compton Scattering

Astrid Nathalie Hiller Blin 
(Univ. Mainz)

12:20 PM Lunch

Session II (Convener: A. Deshpande)

2:00 PM Excited Nucleon Structure and Strong QCD from 
Experiments with Electromagnetic Probes Victor I Mokeev (JLab)

2:30 PM Electromagnetic and Transition Form Factors of the 
Baryon Decuplet

Hyun-Chul Kim (Inha 
Univ.)

3:00 PM Quasi-Distribution Amplitudes for Pion and Kaon via the 
Nonlocal Chiral-Quark Model

Seung-il Nam (Pukyong 
Univ.)

3:30 PM Coffee Break

3:50 PM Blindfold Determination of the Resonance Spectrum in 
Strangeness Production Reactions

Kanzo Nakayama (Univ. 
Georgia)

4:20 PM Regge Description of pi N and KN Scattering at Forward 
Angles 

Byung-Geel Yu (Korea 
Aerospace Univ.)

4:50 PM Tetraquark Mixing Framework for Light Mesons in the 0+ 
Channel

Hungchong Kim (Korea 
Aerospace Univ.)

5:20 PM Adjourn (approximate)

6:00 PM Networking reception at APCTP





2019

Strong QCD from Hadron Structure Experiments 2019, JLab, Nov. 4-8, 2019 

Wednesday 06 November 2019

Registration - CEBAF Center -Auditorium (08:15-09:00)

Session I Convener - CEBAF Center -Auditorium (09:00-10:50)
- Conveners: Prof. Gothe, Ralf

Welcome from Jefferson Laboratory - CEBAF Center -Auditorium (09:00-09:15)

- Presenters: Prof. MCKEOWN, Robert

Exploring Strong QCD in the JLab Experiments of the 12 GeV era - CEBAF Center -
Auditorium (09:15-09:55)

- Presenters: Dr. BURKERT, Volker

New horizons for the strong QCD theory in the 12 GeV era at JLab - CEBAF Center -
Auditorium (09:55-10:35)

- Presenters: Prof. QIU, Jianwei

Session II Convener - CEBAF Center - Auditorium (10:50-14:00)
- Conveners: Dr. Burkert, Volker

Paving the way to Understand Nuclear Structure from Strong QCD - CEBAF Center -
Auditorium (10:50-11:30)

- Presenters: Prof. DRAAYER, J. P.

Relating TMD Phenomenology to QCD - CEBAF Center - Auditorium (11:30-12:00)

- Presenters: Dr. RADICI, Marco

Nucleon Femtography in 12 GeV era - CEBAF Center - Auditorium (12:00-12:30)

- Presenters: Dr. ELOUADRHIRI, L.

Session III Convener - CEBAF Center -Auditorium (14:00-15:40)
- Conveners: Dr. Carman, Daniel

Nucleon Resonance Electrocouplings as a Window into Strong QCD - CEBAF Center
-Auditorium (14:00-14:40)

- Presenters: Prof. GOTHE, R. W.

Strong QCD from the Resonance Electrocouplings Within Continuum QCD Approaches -
CEBAF Center - Auditorium (14:40-15:20)

- Presenters: Prof. SEGOVIA, J.

Session IV Convener - CEBAF Center -Auditorium (15:40-17:40)
- Conveners: Dr. Battaglieri, Marco
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2nd PSQ@EIC Meeting (APCTP-CFNS Joint Meeting), Kyongju+online,  
Jul. 19-23, 2021 

2021

Hybrid Format



2021

Companion Program to

The 2nd PSQ@EIC

APCTP Focus Program in Nuclear Physics 2021, Kyongju+online,  
Jul. 19-24, 2021 



2020, 2021
Light Cone 2020 - 2021: Physics of Hadrons on the Light Front, Jeju Island,  
Nov. 29-Dec. 4, 2021 

Hybrid FormatNumbers

• Registrants
• 28 countries
• 231 registrants (38 in-person, 193 by online) + 2 staff members

• Presentations: 125 in total (5 canceled from planned 130 talks)
• Invited talks: 49
• McCartor fellows talks: 3
• Contributed talks: 73

• 12 plenary sessions for 54 talks
• 10 parallel sessions for 73 talks

• 5 contributed talks were canceled at the last minute.



2022
APCTP Workshop on Nuclear Physics 2022, Physics of Excited Hadrons  
in the Present and Future Facilities, Jeju Island, Jul. 11-16, 20212

In-person meeting



2022
APCTP Focus Program in Nuclear Physics 2022, Hadron Physics Opportunities  
with JLab Energy and Luminosity Upgrade, APCTP, Pohang, Jul. 18-23, 2022 

Hybrid meeting



2022



Programs in 2023

• APCTP-ECT* Joint Workshop: Exploring resonance 
structure with transition GPDs, Trento, Italy, May 2023


• APCTP Focus Program in Nuclear Physics 2023: Hadron 
Physics with Hadronic Probes, APCTP, Pohang, Korea, 
July 2023

All workshops since 2017 have been co-organized with Kyungseon Joo.



Partnership





Summary & Outlook



• Reviewed activities of Korean community for EIC physics 
- with the support from APCTP


• Go to the next step for international collaboration in 
theory & experiments
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