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April 5, 11:35 
Mail from Jafar Arifi (RIKEN), a former postdoc of Yongseok 

Soon after:  I told this to Takashi Nakano 

12:06 
I contacted Hyun-Chul Kim. 

12:31 
I forwarded the news to Japanese community. 
Responded from Hiyama, Harada, Hatsuda, Tanida, Sawada, Oka, Nakano, Suzuki, 
Geng, …. 

13:31 
I contacted Wooyoung Kim 

April 10, Morning 
He arrived at Incheon 

April 11 
Funeral
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Physics: Structure and reactions 1990 ~

• Skyrmions:  heavy baryons
Massive quark baryons as skyrmions: Magnetic moments 
     Nucl.Phys.A 534 (1991) 493-512 
Pentaquark exotic baryons in the Skyrme model 
     Phys.Lett.B 331 (1994) 362-370 
Heavy quark symmetry and skyrmions 
     Int.J.Mod.Phys.E 4 (1995) 47-122 
…..

• Hadron reactions:  Photo-induced…
Polarization observables in phi meson photoproduction and the   
     strangeness content of the proton, Phys.Rev.Lett. 79 (1997) 1634-1637 
Nucleon resonances in omega photoproduction 
     Phys.Rev.C 63 (2001) 025201 
Exotic Theta+ baryon production induced by photon and pion 
     Phys.Rev.D 69 (2004) 014009

AH: 
Chiral bag model

AH: 
Hyperon productions
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Recent wide interests
EFT for nuclear structure, Machine learning 
Light-front model for structure, Two meson productions 
Nuclear Matter, Neutron stars, Hadrons with strangeness 
…..

Started from the theory of hadron (resonances) structure  
Wished to test by experiments → Reactions

Studies of resonance structures by reactions  
→ complete understanding of  
     Non-trivial structures and interactions of hadrons
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Multi-strangeness spectroscopy

K− K+

p Ξ, Ξ*, . . .
K+Ω−, . . .

Planned at J-PARC 
Extension of the J-PARC Hadron 
Experimental Facility: Third White Paper,  
e-Print: 2110.04462 [nucl-ex]

Sangin Shim is now working for the extension Ξ → Ξ*
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The K̄ + N → K + ! reaction is studied for center-of-momentum energies ranging from threshold to 3 GeV
in an effective Lagrangian approach that includes the hyperon s- and u-channel contributions as well as a
phenomenological contact amplitude. The latter accounts for the rescattering term in the scattering equation
and possible short-range dynamics not included explicitly in the model. Existing data are well reproduced and
three above-the-threshold resonances were found to be required to describe the data, namely, the "(1890),
#(2030), and #(2250). For the latter resonance we have assumed the spin-parity of JP = 5/2− and a mass of
2265 MeV. The #(2030) resonance is crucial in achieving a good reproduction of not only the measured total
and differential cross sections but also the recoil polarization asymmetry. More precise data are required before a
more definitive statement can be made about the other two resonances, in particular, about the #(2250) resonance
that is introduced to describe a small bump structure observed in the total cross section of K− + p → K+ + !−.
The present analysis also reveals a peculiar behavior of the total cross-section data in the threshold energy region
in K− + p → K+ + !−, where the P and D waves dominate instead of the usual S wave. Predictions for the
target-recoil asymmetries of the K̄ + N → K + ! reaction are also presented.

DOI: 10.1103/PhysRevC.91.065208 PACS number(s): 13.75.Jz, 13.60.Rj, 13.88.+e, 14.20.Jn

I. INTRODUCTION

Hadron spectroscopy is an essential part of the investigation
to understand the nonperturbative regime of quantum chromo-
dynamics (QCD). In principle, an ab initio approach to hadron
resonance physics can be provided by lattice QCD simulations.
In particular, the spectra of excited baryons observed in the
recent lattice simulations [1,2] hold the promise of explaining
the rich dynamics in the resonance energy region in the near
future. Once quark masses drop towards more reasonable
values and finite volume effects are fully under control,
a close comparison to experimental data will be possible.
Other approaches such as the dynamical Dyson-Schwinger [3],
constituent quark models [4,5], and the Skyrme model [6] also
generate resonance spectra. Unitarized chiral perturbation the-
ory also provides a complementary picture of some of the low-
lying resonances [7,8]. To compare these theoretical results
with the experimental data, a reliable reaction theory capable
of identifying resonances and extracting the corresponding
resonance parameters is required. Such reaction theories,
based on a coupled-channel approach, have been developed
at various degrees of sophistication and are being improved
[9–16]. So far, most of the experimentally extracted baryon
resonances come from the pion-induced reaction experiments,
especially the πN scattering, and about 16 nucleon resonances
and 11 % resonances have been identified [17]. A number of "
and # baryons, which are particles with strangeness quantum
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number S = −1, have been also discovered [17]. A review on
the status of baryon spectroscopy is given, e.g., in Ref. [18].

Although the multistrangeness baryons (S < −1) have
played an important role in the development of our un-
derstanding of strong interactions, and thus should be an
integral part of any baryon spectroscopy program, the current
knowledge of these baryons is still extremely limited. In
fact, the SU(3) flavor symmetry allows as many S = −2
baryon resonances, called !, as there are N and % resonances
combined (∼27); however, until now, only eleven ! baryons
have been discovered [17]. Among them, only three [ground
state !(1318)1/2+, !(1538)3/2+, and !(1820)3/2−] have
their quantum numbers assigned.1 This situation is mainly
due to the fact that multistrangeness particle productions have
relatively low yields. For example, if there are no strange
particles in the initial state, ! is produced only indirectly
and the yield is only of the order of nanobarns in the
photoproduction reaction [19], whereas the yield is of the
order of microbarns [20] in the hadronic K̄-induced reaction,
where the ! is produced directly because of the presence of
an S = −1 K̄ meson in the initial state. The production rates
for & baryons with S = −3 are much lower [21].

The study of multistrangeness baryons has started to attract
renewed interest recently. Indeed, the CLAS Collaboration at
Thomas Jefferson National Accelerator Facility (JLab) plans
to initiate a ! spectroscopy program using the upgraded
12-GeV machine and measure exclusive & photoproduction

1The parity of the ground state ! has not been measured explicitly
yet, but its assignment is based on quark models and SU(3) flavor
symmetry.
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a number of reasons and the study of reaction (1) is an essential
step to this end.

The present paper is organized as follows. In Sec. II, our
model for describing reaction (1) is presented, with some
technical details supplied in the appendix. In Sec. III, the
results of our model calculations are presented and discussed.
Section IV contains our summary and conclusions.

II. MODEL DESCRIPTION

The reaction amplitude, T , describing a two-body process
like the reaction (1) is, in general, given by the Bethe-Salpeter
equation,

T = V + V G0T , (2)

where V stands for the (two-body) meson-baryon irreducible
(Hermitian) driving amplitude and G0 describes free relative
meson-baryon motion. Note that the above equation repre-
sents, in principle, a coupled-channels equation in meson-
baryon channel space. It can be recast into the pole and the
nonpole parts as

T = T P + T NP, (3)

where the nonpole part T NP obeys
T NP = V NP + V NPG0 T NP (4)

with
V NP ≡ V − V P (5)

denoting the one-baryon irreducible (non-pole) part of the
driving amplitude, V . Here, V P stands for the one-baryon
reducible (pole) part of V in the form of 3

V P =
∑

r

|F0r〉 S0r 〈F0r | , (6)

where F0r and S0r = (p2
r − m2

0r + i0)−1 stand for the so-called
bare vertex and bare baryon propagator, respectively. The
summation runs over the baryons in the intermediate state,
each specified by the index r . The four-momentum and the
bare mass of the propagating baryon are denoted by pr and
m0r , respectively. As can be seen in Fig. 1, V P is the sum
of the s-channel Feynman diagrams corresponding to bare
baryon propagations in the intermediate state. The pole part of
the reaction amplitude T P in Eq. (3) is given by

T P =
∑

r ′r

|Fr ′ 〉 Sr ′r 〈Fr | , (7)

where the so-called dressed vertex reads
|Fr ′ 〉 = (1 + T NPG0) |F0r ′ 〉 , 〈Fr | = 〈F0r | (1 + G0 T NP),

(8)

and the dressed propagator Sr ′r is written as

S−1
r ′r = S−1

0r δr ′r − #r ′r , (9)

with
#r ′r = 〈F0r ′ | G0 |Fr〉 (10)

3The bra and ket notation here is used only as a quick visual cue to
identify incoming and outgoing vertices, respectively. They are not
to be taken as Hilbert space states in the usual sense.

Ms
N(p)

K̄(q)

Ξ(p′)

K(q′)

Λ,Σ +

Mu

+

Mc

FIG. 1. Diagrams describing the amplitude (11) in the present
calculation. The labeling of the external legs of the s-channel
diagram, Ms , follows the reaction equation (1); the labels apply
correspondingly also to the external legs of the u-channel diagram,
Mu, and the contact term, Mc. The intermediate hyperon exchanges,
$ and #, indicated for Ms also appear in Mu. The details of the
contact amplitude, Mc, are discussed in Sec. II.

denoting the self-energy.
In the present work we shall make the following ap-

proximations to the reaction amplitude in Eq. (3). First,
we approximate the pole part of the reaction amplitude,
T P, by the s-channel Feynman amplitude, Ms , specified
by effective Lagrangians and phenomenological Feynman
propagators. Here, the dressed resonance coupling constants,
dressed masses as well as the corresponding widths are
parameters either fixed from independent sources or adjusted
to reproduce the experimental data. The meson-baryon-baryon
vertices are obtained from the effective Lagrangians given
in the appendix; the phenomenological Feynman propagators
for dressed baryons are also found there. Note that, here, the
resonance couplings in the dressed propagators are ignored.

Second, the nonpole part of the reaction amplitude T NP is
approximated as follows:

(i) Since there is no meson-exchange t-channel process in
the present reaction, unless the exchanged meson is an
exotic one with strangeness quantum number S = 2,
V NP of the reaction is approximated by the u-channel
Feynman amplitude, Mu, constructed from the same
effective Lagrangians and Feynman propagators used
to construct the s-channel Feynman amplitudes.

(ii) The rescattering term V NPG0 T NP in T NP of Eq. (4)
and other effects not explicitly included in the present
approach are accounted for by a phenomenological
contact term, Mc, which is specified below. This
contact term will be discussed in more detail later.

With the approximations described above, the reaction
amplitude in the present work is given by

T = Ms + Mu + Mc , (11)

where Ms and Mu are the amplitudes from the s- and u-channel
Feynman diagrams, respectively; both amplitudes include
the ground-state hyperons as well as some of the S = −1

065208-3

K̄ + N → K + ! REACTION AND S = −1 HYPERON . . . PHYSICAL REVIEW C 91, 065208 (2015)

TABLE I. The " and # hyperons listed by the Particle Data Group [17] (PDG) as three- or four-star states. The decay widths and branching
ratios of higher-mass resonances (mr > 1.6 GeV) are in a broad range, and the coupling constants are determined from their centroid values.
In the present work, the masses (mr ) and widths ($r ) of the hyperons as given in this table have been used, except for the #(2250) resonance.
For the latter resonance, see the text.

" states # states

State mr (MeV) $r (MeV) Rating |gN"K | State mr (MeV) $r (MeV) Rating |gN#K |

"(1116) 1/2+ 1115.7 **** #(1193) 1/2+ 1193 ****
"(1405) 1/2− 1406 50 **** #(1385) 3/2+ 1385 37 ****
"(1520) 3/2− 1520 16 ****
"(1600) 1/2+ 1600 150 *** 4.2 #(1660) 1/2+ 1660 100 *** 2.5
"(1670) 1/2− 1670 35 **** 0.3 #(1670) 3/2− 1670 60 **** 2.8
"(1690) 3/2− 1690 60 **** 4.0 #(1750) 1/2− 1750 90 *** 0.5
"(1800) 1/2− 1800 300 *** 1.0 #(1775) 5/2− 1775 120 ****
"(1810) 1/2+ 1810 150 *** 2.8 #(1915) 5/2+ 1915 120 ****
"(1820) 5/2+ 1820 80 **** #(1940) 3/2− 1940 220 *** <2.8
"(1830) 5/2− 1830 95 **** #(2030) 7/2+ 2030 180 ****
"(1890) 3/2+ 1890 100 **** 0.8 #(2250) ?? 2250 100 ***
"(2100) 7/2− 2100 200 ****
"(2110) 5/2+ 2110 200 ***
"(2350) 9/2+ 2350 150 ***

In our model calculations, we also see the same undesirable
rise of u-channel contributions if we leave out contact terms.
We interpret this to mean that the rescattering term V NPG0 T NP

of the nonpole T matrix in Eq. (4) would be responsible
for providing the cancellation for the increasing u-channel
resonance amplitudes. We account here phenomenologically
for these in detail very complex dynamics by introducing
contact terms, and our results in Sec. III will show that this will
indeed allow us to treat both s- and u-channel contributions
consistently and at the same time avoid the high-energy
u-channel contributions.

In general, it seems that the problem has two scales,
corresponding to long-range and short-range dynamics. The
latter is, of course, sensitive to the form factors used at the
meson-baryon vertices to account for the composite nature of
the hadrons, and the use of phenomenological contact terms
seems to be warranted to account for additional structure
effects. Problems with two scales have been addressed in the
past, where some authors have introduced two form factors,
one soft and other hard, to mimic such effects [67]. Also, in
effective field theories the unknown short-range dynamics is
accounted for by contact terms.

III. RESULTS

In this section, we present our results for the reaction
K̄ + N → K + ! in different isospin channels. More specif-
ically, we investigate the reactions K− + p → K+ + !−,
K− + p → K0 + !0, and K− + n → K0 + !− considering
all the available data on the total and differential cross sections
as well as recoil polarization asymmetries.

Before we present our results, we briefly remark on the
experimental data considered in this work, i.e., total cross
sections, differential cross sections, and recoil polarization
asymmetries. These data come from different sources [30–
34,36,37,40] and are available in various forms. Some of them

are not in the tabular (numerical) form that can be readily used
but are given only in graphical form or as parametrization in
terms of the Legendre polynomial expansions. In Ref. [50],
Sharov et al. have carefully considered the data extraction
from these papers. We have checked that the extracted data are
consistent with those in the original papers within the permitted
accuracy of the check. In the present work, we use these data,
and no cross sections resulting from the expansion coefficients
are considered here.

As mentioned before, there are a number of 3- and 4-star
" and # resonances, including those low-mass subthreshold
ones that contribute, in principle, to reaction (1). A list of
these hyperon resonances and some of their properties is
shown in Table I. However, apart from the ground state
"(1116) and #(1193), the required information for most of
these resonances on the resonance parameters, such as the
coupling strength (including their signs) to ! and/or N , are
largely unknown. Therefore, the strategy adopted in this work
is to consider these parameters as fit parameters and consider
the minimum number of resonances required to reproduce
the existing data. In particular, we have considered only
those resonances that give rise to a considerable contribution
to the cross section within a physically reasonable range
of the resonance parameter values. More specifically, during
the fitting procedure, resonances were added one by one to
the model and the quality of fit was checked. It should be
mentioned that we have also checked the influence of various
combinations of resonances at a time (and not just one by
one) to the fit quality. The resonances kept in the presented
calculation were those that increased the quality of the fit by a
noticeable amount with the variation in χ2 per data points N ,
namely, δχ2/N > 0.1. An example of this procedure is shown
in Table II where the results of adding one more resonance
to the current model, as specified later, is shown. We see that
some of these resonances improve the fit quality of the total
cross section but not the other observables or even worsen
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TABLE III. Fitted parameter values of the current model. For the details of the resonance parameters, see the appendix. For the contact
amplitude, see Eq. (13). The entries in boldface are taken from Ref. [23] and they are not fit parameters. Here, it is assumed that φT L

a = φa and
φT L

b = φb, in addition to αT
L = βT

L = α.

Y gNYK λNYK g!YK λ!YK & (MeV)

&(1116) 1
2

+ − 13.24 1.0 3.52 1.0 900

'(1193) 1
2

+ 3.58 1.0 − 13.26 1.0 900

gNYKg!YK & (MeV) L a0
L (fm) a1

L (fm) b0
L (fm) b1

L (fm) φa φb

&(1890) 3
2

+
0.11 900 0 0.28 − 1.19

'(1385) 3
2

+
18.76 900 1 3.23 − 4.84 − 3.40 0.61

'(2030) 7
2

+
0.49 900 2 3.06 21.07 9.40 − 2.28

'(2250) 5
2

− − 0.033 900 &S = 1 GeV α = 3.60 0.22 − 0.16

contact term, Mc. We do not give the associated uncertainties
here because they are not well constrained. In the present
calculation, resonances with J ! 7/2 were considered. The
masses and the total widths of the resonances are taken
to be those quoted in PDG [17] and are given in Table I,
except for the mass of the '(2250) resonance. Currently,
the '(2250) resonance is not well established and has a
three-star status [17]. In fact, the PDG does not even assign
the spin-parity quantum numbers for this resonance. The
analyses of Ref. [39] provide two possible parameter sets,
one with JP = 5/2− at about 2270 ± 50 MeV and another
with JP = 9/2− at about 2210 ± 30 MeV. In the present work
we have assumed '(2250) to have JP = 5/2− with the mass
of 2265 MeV, the primary reason being that the total cross
section in K− + p → K+ + !− shows a small bump structure
at around 2300 MeV, which is well reproduced in our model

with these parameter values. For the corresponding width, we
have adopted the value quoted in PDG as shown in Table I.

All parameters of the present model calculation are de-
termined as described above and we now present the results
obtained from our model. The overall fit quality is quite good
with χ2 per degree of freedom = 1.55 or χ2/N = 1.49, as
displayed in Table II. There, we also show the partial χ -squared
values χ2

i /Ni evaluated for a given type of observable specified
by the index i as explained in the caption of Table II. In
Fig. 2 we show the results for the total cross section in
the charged ! production reaction from the proton target,
K− + p → K− + !−, for the c.m. energies up to W = 3 GeV.
Figure 2(a) displays the total contribution, which reproduces
the data rather well. The dynamical content of the present
model is also shown in the same figure. We find that the contact
term rises quickly from threshold, peaks at around 2.1 GeV,
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FIG. 2. (Color online) Total cross section for the K− + p → K+ + !− reaction. (a) The solid blue (gray) line represents the result of
the full calculation of the present model. The red (gray) dashed line shows the combined & hyperon contributions. The magenta (dark gray)
dash-dotted line shows the combined ' hyperon contributions. The brown (very dark gray) dotted line shows the combined & and ' hyperon
contributions. The green (gray) dash-dash-dotted line corresponds to the contact term. (b) The solid red (gray) line represents the combined
& hyperon contributions, that is the same as the red dashed line in panel (a). The dotted and dashed lines show the &(1116) and &(1890)
contributions, respectively. (c) The solid magenta (dark gray) line represents the combined ' hyperon contributions, that is the same as the
magenta dash-dotted line in panel (a). The dotted, dashed, dot-dashed, and dot-dot-dashed lines show the contributions from '(1193), '(1385),
'(2250), and '(2030), respectively. The experimental data (black circles) are the digitized version as quoted in Ref. [50] from the original
work of Refs. [29–34,36–39,41–43].
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where 

U"=exp(i2"r'It)~ F,~ ' (2.3) 

UK = exp( i-~ X.Ka ) (2.4) 

are built in the obvious way out of the kaonic and pionic generators of SU(3), 
respectively. To get our interaction lagrangian, we substitute this form for U in the 
Skyrme lagrangian and expand in powers of K, keeping only terms up to second 
order (actually, when we expand about the soliton imbedded in SU(2), terms first 
order in K will vanish as well). The reasonably simple end result of this rather 
painful exercise is 

Lskyrme(U~,) Jr ( D~K ) + D~K - m2 K + K 

(  tr[ ) -~K+K tr(OuU+O"U,~)+ O,U,U +, O,U,U+] 2 

1 {2(D.K)+D.Ktr(A.A.)+½(D.K)+D~Ktr(O~U+O~U.) e2F~ 

O + ~ - 6 ( , K )  [A ,A"IDuK} 

where 

Au= vU0u -(v.-  w)), 

(2.5) 

and the kaon covariant derivative is defined by 

DuK = auK + VuK. (2.6) 

This lagrangian has no unknown parameters if we think of F,~ and e as having 
been determined by the fit of the SU(2) Skyrme soliton to the masses of the nucleon 
and delta. A more general approach is to think of it as a particular case of the 
nonlinear realization of SU(2) x SU(2) chiral symmetry on a linear kaon field, All of 
the terms in eq. (2.5) are SU(2) × SU(2) invariants of the kind described in ref. [9] 
and in the general approach would have arbitrary coupling constants which would 

+ …
9

Jeju Falk village, 2014.7.3. (Thu) 
Y:  My grandparents’ 
house was like this, no 
electricity, …

Y:  Skyrmion calculation is 
tough, needs hundreds of 
pages calculations, I got a 
calluses on fingers

Callan and Klebaonv, BOUND-STATE APPROACH TO STRANGENESS 
IN THE SKYRME MODEL, Nucl, Phys. B262(1985)365 
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     Yongseok is certainly my best friend in Korea for so many years.   
I knew his name when he was working on Skyrmions, because I was also  
working with the model. But I started to communicate with him often  
from around 2003, when we started to work on hadron reaction problems.   
     He did a lot to support our physics activities, because he was one of the  
APCTP members from the nuclear physics community.  One of the events  
that sticks in my mind is the 10th APCTP-BLTP/JINR-RCNP-RIKEN Joint Workshop  
on Nuclear and Hadronic Physics in the summer of 2016, which was held at RIKEN.   
Yongseok proposed to organize the workshop as one of the APCTP leading events,  
which was successfully realized with strong support by him and APCTP.   
    During the workshop in Jeju Island in July 2014, we walked together  
in  Jeju Minsokchon.  I cannot forget the conversation we had about our family history.   
I felt and share sympathy with him.   
Most recently, in July 2012, when we visited Jeju again for a workshop,  
he helped us a lot in preparing our visa under the difficult time of corona.   
In March 14-16, 2023, just three weeks before, I invited him to the workshop  
for the J-PARC, Tokai, which unfortunately was the last moment we could talk.   
     He did a lot in the hadron physics community and I learned a lot from his work  
and from the conversations with him.  This sad fact is a great loss for us. 

Yongseok made every effort, with strong mind, wide view, generosity,… 
He did a lot, but we have to do more and will.


