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1. introduction

(1 The heavy pentaquark states, P. [uudcc], were observed in the weak decays “Ay’ — J/y p K.

[PRL.122.222001 (2019), PRL.128.062001 (2022)]
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1. introduction

(1 The heavy pentaquark states, P. [uudcc], were observed in the weak decays “Ay’ — J/y p K.

[PRL.122.222001 (2019), PRL.128.062001 (2022)]

—0 =
=D bt
1200
— data
1000 — total fit ;
— background

3

3

:'_.IIIII'IIIIIII'IIIII

Weighted candidates/(2 MeV)
S
o

200

0 — = :
4200 4250 4300 4350 4400 4450 4500 4550 4600
M p [MeV]
State M [MeV] I' [MeV]
P.(4312)* 43119 +£0.7768 98+271)1
P, (4440)* 44403 + 1.37%] 20.6 + 4.9787
P,(4457)* 4457.3 £ 0.6+ 6.4 + 20174

[ Candidates of exotic structures?

Compact multiquarks

q q @
% - @ e
Tetraquark Pentaquark

Hadronic molecules

Triangle Singularity

Q ¢ %) . C b

Meson-Meson

Baryon-Meson not Resonance

07




FHER R R s e e e R R S e R
1. introduction

(1 The heavy pentaquark states, P. [uudcc], were observed in the weak decays “Ay’ — J/y p K.
[PRL.122.222001 (2019), PRL.128.062001 (2022)]
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1. introduction

[ The heavy pentaquark states, P [udscc], were observed in the weak decays.

[Sci.Bull.66.1278 (2021)] [PRL.131.031901 (2023)]
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1. introduction

1 First findings on exotic mesons

k endi
VOLUME 91, NUMBER 26 BEFEQRE AL RENLEN SR b 31 DECEMBER 2003

Observation of a Narrow Charmoniumlike State in Exclusive B* — K*o+ o~ J/is Decays
S.-K Choi,” S.L. Olsen,® K. Abe,” T. Abe,” I Adachi.” Byoung Sup Ahn.'* H. Ajhara,* K. Akai,” M. Akatsu,*

(Belle Collaboration) 2967 citations
Meson Tetraquark

In summary, we have observed a strong signal for a

state that decays to " 7~ J /i with Xcl(3 872) O+(1++)
M = 3872.0 = 0.6(stat) = 0.5(syst) MeV,

I' <23 MeV (90% C.L.).

2017 QQUALAIAL A Y(3940), Z(4430)

M 2017 Moy Aawm

""41

Al Tfera B2 4agE

22| g9 43, 2t gEakst 2ol M HeHojn

THE HO-AM PR | B e e s g

QIAOA| F=0fAl= AfeLCk




1. introduction

[ The doubly charmed tetraquark, T..* [ccud], were observed in the “D° D K*” mass spectrum.

Yield/(500 keV ¢ )

[NaturePhys.18.751 (2022)]

70 -

B : 40 ¢

: Cowe_gf

E R

B i w 25 F

i i 3 20 Jf |
= | S 15 |

; i 2 10t !
“op i & @

- ' [

s |+ Data e~
Bk  EmTe D0 387 3g6

- . | ———Background Myepo.  (GEV €7)

B Total
; ! D** O’ threshold
DD threshold ]l + *
ik + + | | | +
| |
} | ] ] | ] ] | | | i i
3.87 3.88 3.89 3.9
Moo (GeV ¢?)

Compact Tetraquark (ccqq)

.. -

Hadronic molecules (DD")

0 Found just below DD" threshold

p° I
C C
T %
-
Yy =

u
'.. — 3875.090 MeV

[ 0.273 MeV
3874.817 MeV

0 Breit-Wigner parameterization

Smpw = —2734+61+57 keV ™2
Tw = 410 4 165 4+ 43 T keV

0JP=1*and I =0 is favored.




1. introduction

1 Existence and properties (mass, width, decay mode, ...) of most N" and A" resonances
were derived from partial wave analyses (PWA) of YN and ntN elastic scattering data.

SAID model independent single channel PWA [nN — (N, nN), YN — («N, nN)]
http://gwdac.phys.gwu.edu/

BnGa multichannel partial wave analysis [N, NN, N, KA, KZ, yN]
http://pwa.hiskp.uni-bonn.de/

MAID unitary isobar model, single channel [YN — N, NN, KA, KX]
http://www.kph.uni-mainz.de/MAID/

Jilich dynamical model with coupled channel [N, NN, N, KA, K2, ..., YN]

GieBen coupled channel unitary Lagrangian model [N, NN, N, KA, KX, yN]

ANL-Osaka  dynamical model with coupled channel [N, NN, N, KA, K2, ..., YN]

[ Those of A* and =" resonances were derived from KN elastic scattering data.

1 Single channel analysis is also important.
13



1. introduction

How to produce multistrangeness baryons in hadron physics?

1 Multistrangeness baryons are of importance in our understanding of
strong interactions. However, the information of them is very limited currently.

1 SU(3) flavor symmetry allows as many S = -2 baryons, i.e. =, but only
11 = baryons are observed, whereas there are ~ 25 A™ or Z” resonances (S = -1).

d This is mainly because multistrangeness hadron production have small

cross section rates relatively.

- (a) pp interaction (p p —» 2 =0, QO QM) at GSI-FAIR

Overall
status

(b) photoproduction (y p - K K 2, K K K Q™) at JLab

(¢) K induced reaction (K- p —» K =) at J-PARC
> [KimSH, et al, PRC.107.065202 (2023)]

> May provide substantial contributions
to the spectroscopy of cascade baryons.

3k ek
ok sk sk
%
sk
ek
sk
3k ek
*

% 3k

% 3k

e




1. introduction

How to produce multistrangeness baryons in hadron physics?

. Multistrangeness baryons are of importance in our understanding of
strong interactions. However, the information of them is very limited currently.

1 SU(3) flavor symmetry allows as many S = -2 baryons, i.e. =, but only
11 = baryons are observed, whereas there are ~ 25 A” or Z” resonances (S = -1).

(a) pp interaction (p p —» = =) (b) photoproduction (y p - K K =) (¢c) K induced reaction (K" p — K =)

at GSI-FAIR at Jefferson Lab at J-PARC
Yz = -
A ] KoK S 5
“-r\%\f o o "(\ :‘
/ / \\ :!
/! A !
— s s \ !
8 I\ ) —> ‘e RN
D = . N Y = N Y =
~ 10 nb (theory) ~10 nb ~102 ub

> (a,b) The production mechanism is a two-step process.
> (c) E baryons are produced directly when we use only K beams.

15




1. introduction

How to produce multistrangeness baryons in hadron physics?

. Multistrangeness baryons are of importance in our understanding of
strong interactions. However, the information of them is very limited currently.

1 SU(3) flavor symmetry allows as many S = -2 baryons, i.e. =, but only
11 = baryons are observed, whereas there are ~ 25 A” or Z” resonances (S = -1).

(a) pp interaction (p p - Q Q) (b) photoproduction (y p - K K K Q) (c) K induced reaction (K" p - K K Q)
at GSI-FAIR - at Jefferson Lab ~atJ-PARC

'“r K K K @ K- K K

’ ’ ’ : A" ) !
“"\%\7 « o o “l\ :‘ ’J

7/ 7/ 7/ \ ; 4

4 4 \\ .F; p’f

/! s s \x ’.r ;f

— o e > _—

N Y = 0 N Y = 0
~ 1 pb (theory) ~1 ub

> For Q baryon production, the mechanisms become more complicated.




2. theoretical framework

0 In this work, we study the reaction y N — K K E" in a hadron exchange model.

A state B(A*—=KE) ¥ state B(E* = KE)
") [%] (J7) [%]
A(1820)5/2* = T(1880)1/2+ i
A(IB30)5/27 - (19001 /27 3+2
A(1890)3 /2" ~1 [41] £(1910)3/2 —
A(2000)1/2- — £(1915)5/2+ .
A(2050)3/2 - £(1940)3/2+ —
A2070)3/21 T+3 2(2010)3/2 e i S
A(2080)5/2~ 4+1 £(2030)7/2+ <2
A(2085)7/2% - E(2070)5/2% -
A(2100)7/2 =3 (2080)3,/2" o
AQTTIDS5/2F 2 £(2100)7/2~ =
A(2325)3/2 - £(2110)1/2~ -
A(2350)9/2* = ¥(2230)3/2+ 241
A(2585) 7 — £(2250) 7 o
£(2455) 7V —

v(2620) 7

3(2250) - K = [B= 18 %]

YyN—-KKZE
| K K g Several Y'(A", 27) states should be included
‘\/\'\’\»‘7,* 7 since multiple “Y" — K =” decay channels
, , exist.
—_—— e .
N o v = [Liu, PRC.69.045204 (2004)]
’ [Nakayama, PRC.74.035205 (2006)]
[Man, PRC.83.055201 (2011)]
YyN—->KKE
N i - O We consider only the ground state, Y(A, 2),
P + due to the lack of information on “Y" — K £
! 0 Only one decay channel is listed in the PDG.
. g

0 The calculations can be further simplified than y N — K K Z.




2. theoretical framework

@ Kk) K(ka) 7 KoK v(q) + N(pn) = K(ki1) + K(k2) + B(p) PN = —q,
B B =*(1530,3/2") ki =k, (cm)
e ke = —(k+p)




2. theoretical framework
@ Kk) K(ka) 7 KoK v(q) + N(pn) = K(ki1) + K(k2) + B(p) PN = —q,
A /ﬂ' f A E*(153U, 3/2_'_) kl = k: (Cm)
/ s , / / . k . k+
Nen) Yy E'(P) T Cross Sections = bt
(a) (a')
¥ K K v K K (27'1')4 /
¥ i q o = dp [ dk §(W — Ek (k) — Ex(/k + p|) — Eg(p))
HH H‘i 1+q/En(q)
g ¥ / il I:
N N Y = N Y vy = X Z Z |(pm53,kl,kg|T(W)|q)t,mesN)|2
(b) () }\,m_qN s g
Y K K Y K I
do  (47)? f , /
y y ’ y = W d A€} k.p. W
3 0 g pyn(a, W) [ podp kpf(kp, W)
\ y = v y =
(c) () 1
_ ' ) ' ) X 1 Z |{pm35!k1=k2|T(W)|q}‘u meSN)|2
M el Amay o |
K:/ g ‘//, ,', o/ 1:" *
N Y = N y = 1 1 1 Mpg
(d) (d') (zﬂ-)gfﬁ \/ZEK [:k) \/2EK (k 5 p) EB (p)
g hv }\-—
A 4 1 My
‘ 3% X (mSBII(P-:kLk2§ﬂvPN)|AmsN>
T v2lq] | En(PN)




2. theoretical framework

(q) K(ki) K(ka) K K
'\l\.’\/\% ’ ‘ ,/ ,/
F '
/ i
/ 7 rs /
> e —_—
Nipn) (¥ ='(p) N Y =
(a) (a")
K K K K
/ / F s /
/ 7 ’ /
/’ 7 /
/ ’ s
7 7 s
N N b =" N ¥ Y =*
(b) (b)
Y I K K K
/ / s 7/
rd F 3 / 7
Fd i /
4 ! s
7
N 1 = A ¥ E

-
I-<
i
-
—

2M
(Mo |I(p. k1, Ka; q, PN) Mgy ) =[ Y Mo (py; k ,p)p YMlefk,p;pv)
sy ¥
Baryon Propagator
> u(p) pP+M  @(p)m w(pP)m, =2Mp, my  (Peskin)
o p+M B
2_u(P)u(p) = - @(P)m,u(P)m. = Om..m,  (Ours)
1 p+M  2M S ua
p—M  pPP—MZ P2 M (Ours)




2. theoretical framework

Y K K
s /
/ /7
7
’
rs /
—_—
N i s
(@)
g/ K K
’ ’
’ /
’ ’
s s
7
N Ny V' =*

(mSBII(p'Jkl:kE;Q'J pN)|‘)"mSN> =

Mgy

> Ma(py; K, p)

2My

Py — M3

M (k, p;py)




2. theoretical framework

> e » —_—
Vipn) (¥ ='(p) N ¢
(a) (a")
K K Y
’ ’
/ ’
’ /
/ ’
’ ’
N N @& =" N Ny V'
(b) (v')
Y K K
/ /
7 ’
’ P
/ ’
Fa

(mSB |I(P1 k1=k2§ q, pN)|}‘mSN> =

y‘ MZ(I"Y E !p)

£K4‘ E&

———— M (k,p; py)
p3

Y

Effective Lagrangians

0 EM vertex

Ly =—ie[KN(9,K) — (9K

My

JK] A",

G 1o+
Lok :Mfwmﬁaﬂm(a&fﬁ—fﬁ + 0, K37 K™)

e _ _
o g"r'Kﬁ Epua,ﬂa A. (SQKJ;“KU + 80‘}{5“}(“),

Mg

"{:'}-NN = — Eﬁ [’T"“A“ 2ﬂfp,r J'updpﬂ
ETYY = ;;f; ?J“H(‘}UAHK
£TEE‘ =E€9'*f:=.* H;’}’y"‘:rr_.._.Fﬁp uE H. c.,

2My

O strong vertex

Lxny = —igeny KYsN + H.e.,

Lrgys = e HEHS ”*Y@‘”K +H.e.,

My

EgK*Y— r—|
_IRYYE 2 VR +He.,
oMy _wTTs +
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Nipn) ¥ E"(DJ

N

i K K
s /

/ /7

7
’
rs /

—_—

N ¥ s

N Y =

N ¥ =k

(mSBII(p':kl:kz;quN”‘)"mSN}: TME(PY} !p)p

Invariant Amplitudes

I, |[5My S k,= ;ﬁ; Mi-‘:i{.ffLKlY
Iy |SMy Lk, =x E:E; Mf,’i{r""'jg, Y
I.mMy L k,=x s;&j; MTN—>R'|Y
I |SMy Lk, =+ ;{f; i{;{JKIY

Prop, = (ks +p)? — M2

2My
- My
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; : : 2 My
q% PO - (5 |1(P, K1, K2 G, PN) Ay ) = T Mapyik'p) g Mu(kpipy)
/ ,/ }_r
rs /
( pN) Y ='(p) N % = . .
@ (@) Invariant Amplitudes
q K - ‘.f K K 2iegr Ny 2
PR 2My | uK MU (k1 - e)(uyvysun),
‘-LLI,M‘// ’f Iﬂ :MY—}.Kzz* PI‘{)p M"}'{NLKIY AFN_PE]'Y (k.’| = {;}2 one ﬂ'fﬁa ! ( )
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. o ] S 2My
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2. theoretical framework

K I
/ 7
/ /
/ ’
/ s
N Y E*
(c)
' K K
/ ’
’ /
'
’
/ + K
N Y =
()
K K
/ /
’ ’
’ ’
’
’ z

D yp = KTKTE*", (II)yp - KTK=*0

Gauge Invariant; Contact terms

Extension from one-meson to two-meson photoproduction
[Haberzettl, PRC.56.2041 (1997), 58.R40 (1998), Nakayama, PRC.74.035205 (2006)]

— self gauge invariant
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2. theoretical framework

W) Kia) Kka) ; KK (Dyp—- KTKtE*, (I)yp—+ KTK°EY
'\'\-’\,\’y,f' fﬂ'f /I ,//

il N Gauge Invariant; Contact terms

Nipn) v ='(p) N Y =

Extension from one-meson to two-meson photoproduction
[Haberzettl, PRC.56.2041 (1997), 58.R40 (1998), Nakayama, PRC.74.035205 (2006)]
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3. numerical results

4/
1056 2.8

I I |
3 3.2
W (GeV)

[CLAS, PRC.98.062201 (2018)]

do/dQz+ (nb/sr)

0.4 ;\‘ |
\.‘\V - W = 277
\'4\ a+b o W = 290
- "\ ------- W = 3.03 -
0‘3 | o W = 316
_\.\.\ . W=3.29
: .\'\, (GeV)
0.2 o _
N _:_ ) e \\\11 o .
- | | I | I
0 05 0 0.5 !
coSGE

Preliminary Result

0 The processes (a — d) are more dominant than those of (a' - e').
0 The results of invariant-mass distributions and Dalitz plots will come soon.




3. numerical results

vp— KK E
100:"' Tttt 6{:‘-I_'|"""|"'__'"""|III
80F " : I 29 1§ 3.2
> 60 > 40F T E
P S
2 20l 2 F -
= ® o
; 80F i; ol E
5 60 =
E 405 % 20:
6 40f a E
= 20 =
0k S A S S T .
1.8 T S U S W TS T R W R W
m(K+K+} (GE‘V)
0 The local structure is due to 2°(2030, 7/2%). 0 The absence of any structure is due to
the absence of S=+2 exotic meson production.
.651{55&?172_ 3/2) A" and =" resonances are included. [Nakayama, PRC.74.035205 (2006)] [CLAS, PRC.98.
........................................................................................... _ 062201(R) (2018)]
Spin-(5/2, 7/2) A" and Z" resonances are additionally included. [vian, PRC.83.055201 (2011)] 27




3. numerical results
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0 The absence of any structure is due to

the absence of S=+2 exotic meson production.
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4. applications

+
FERFR {MISZO) 42%

A(1405) 100%

~33% _
- Y
~33% / EU ‘ﬂ:ﬂ
oy
33 . 3" TE+
a%% GG
v+p—= K" +2%1385) K" A n?

v N — K 7t 2 (Invariant Mass Distributions)

do/dm (ub/GeV)

[
n
=

Ln
=

Lh-'llllllllllllllllll

counts/(5 MeV/c?)
=
[

=

i .Hf oy ++ |

+++++
1 +f+,f/ 1 % fﬁ{ i ‘LH

Zm Invariant Mass (Ge\«-’x’c )

¥ n Invariant Mass (GeV/c?)

[Nacher, PLB.455.55 (1999)
CLAS, PRC.87.035206 (2013)]
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4. applications

v N — K 7t 2 (Invariant Mass Distributions)
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4. applications
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N ALY 37 (1385) N P A7 (1405, 1520)
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0 These reactions provide a valuable opportunity to study higher A" and X" resonances

by measuring cross sections, invariant-mass distributions, and Dalitz plots, etc. 30
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4. applications

B " A —_——— e
Ay A X 3% (1385) N P A* (1405, 1520)

L‘ﬁqﬂ_r‘-r-l Lu,lﬂ(—r‘*_l

A K A K
= =
;""-f 3 (1385) ;""-,f A" (1405, 1520)

0 These diagrams should essentially be included as part of the background contribution.

0 We can directly apply our current theoretical formalism to these reactions. 31



4. applications
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4. applications

YyN—-KKEZ
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The number of possible Feynman

diagrams is much reduced.
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4. applications

Status as seen in —

Overall

Particle  JF status Em AK YK =2(1530)7 Other channels

=(1318)  1/24  sekxx Decays weakly

=(1530) 3/2+ sksk sk K -

=(1620) ok *x

=(1690) Hokk g *okok ok

E(1820) 3/2—  xxx * ok ok * *x

=(1950) ok *k *ox *

=(2030) ok ok *% kK

=(2120) x .

=(2250) ok ? 3-body decays

=(2370) sk 3-body decays

=2(2500) * * * 3-body decays

KN—>K"xZ
K~ K® 7'(' K~ K 7T K~ K® T K~ K® T
N 7 ~ d 7 -~ - / /
\ i A N - 4 “_ 7 ¥ ~~_ A A
\ / / SN LT / NI T
\\ // // //\\ // // \>: // //K(*)
p Y® = = p Y i = p Y Y = p Y ="
0 These reactions provide a valuable opportunity to study higher =" resonances. 33



4. applications

Status as seen in —

COrverall
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0 These reactions provide a valuable opportunity to study higher A™ and 2" resonances. 34
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Status as seen i ——
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0 These reactions provide a valuable opportunity to study higher A™ and 2" resonances. 35



4. applications
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0 Higher A™ and 2" resonances can be identified through bump structures. 36
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(a) K p — D™ Al

10! Pes(4459, 1/2°) Pes(4459, 3/2°) 10"
_10°F 1 110"
g | : r @
o 10 F 1 1100

107 F -- Br=10% 3 f ; -~ Br=10% 1107

g N — Br=10" g i — Br=107 ;
-3 1' | ! ! ! ! :' ‘\ ! ! ! ! ] -3

0457 44 46 48 5 5.2 42 44 46 48 5 50 10

W (GeV) W (GeV)
(b)K p— Iy A
10'F Pes(4337) 1 ¥ Pes(4337) 110’
5 P.(4459, 1/2°) = Pey(4459, 3/27) |
- 100;‘ 5 - : 10° _
2 2
o 10 °F 110 o
10'2;‘ -— Br=108 7 3 -— Br=108 ‘;10'2
— Br=10"7 — Br=107 ]
-3 ! ! ! ! ] ! ] -3
0427 44 16 48 5 5.2 42 44 46 48 5 50 10
W (GeV) W (GeV)

[KimSH, 2602.01768 (2026)]

0 The pentaquark states can be identified through bump structures.
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4. applications

* Charmed baryons

- m+p—Y, +D™-
* & baryons Byproducts
Spectroscopy of Omega Baryons - 7w +p— B+ D™+ K'| Event selection as you like !

Proposal for the J-PARC 30-GeV Proton Synchrotron (2021)

* Y baryons: Yield = Y_X10*
- x+tp—-Y'+K/
- w+p—Y"+ K™
- w+p—Y +K"
- w+p— 0" +K™
* E baryons: Yield = Y_X10°
- K+p—-E +K"Y
- K +p—E +K": (K +m)
- m+p—E +KS+K*
- w+tp—E+K'+K"
* Qbaryons: Yield =Y_X10?
- K+p-o QO +KS"+K*
KN—-KKQ - K+p—->Q+K%+K

* Hyperon beams as well

K. Aoki®, Y. Hidaka®<4, A. Hosaka®/9, N. Ishii®, T. Ishikawa", Y. Komatsu®,

M. Naruki*f, H. Noumi®®, H. Ohnishi®. K. Ozawa®, Y. Morino®, F. Sakuma’,

T. Sekihara®, S-I1. Shim!, K. Shirotori®*, H. Takahashi®, S. Takeuchi™¢ and
M. Takizawa™"J

K K K
k X “' *,*" * Drell-Yan channels
\ v ’ - m+p—n+p'+p (SameasP?)
""\\ f;-"' f,--" _ K-+ p— YO + l."+ + |-|'_
Y S o/ Slide by K. Shirotori




4. applications

Rescattering effect (Y p — ¢ p)
S. Sakinah, SHKim, HMChoi, 2604.14814 (2026)

: Y(gq) D Do
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’/ " ~ \ { -
- N
AT At
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3 '
Tioon(6,F) = [ o/ Bopoaeaa. o)
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XGMN [q;jl’{uﬁ hJ,-"r,-"I-r(qj- ji]

1 1

Gunx = =

E—H[)‘F?;E E—HD

0 We consider
both parts numerically.

— Z?T(g(E — HD)

Final state interaction (Y p — ¢ p)
S. Clymton, SHKim, HChKim, in preparation (2026)

o

0 An off-shell coupled-channel formalism is essential.

r{VJ',-‘uN—-J'.wa Vr'm,.—-,:,.'w.v Vr':r.ﬁ,—-,:,.'w.v vr'r:,.—-;,.'w.'u vfl!;——},.’wh" Vﬂ'}':,—-i_n,u.w Vﬁ'z;—-i,fw.r\"

v_.r;'.,u.v—- D Fr'm, —A, F:'J'n: — A F{')I, —A, FI-JI,‘—-{-J.-'\: vr'.t'z, —n, Fi’;'x; — i3,
v;,-'.,...".'—- DA, Vf.-'.-"l., =", va'.-u =" A, VIJE, A v.l'JE,'—JJ'A{ Vﬂ'}; —ir A, PF)'E‘ — (1A,
V= | Vigw-bxr, Via-bx, Vioa-br, Vor-br, Vem-br, Vezobs Vi
v};w.'«'—-fJI,' v.l'm,. —Dx! Vi Ao—=DE! Vf'm.—-ﬁx; Vﬁs; — e Vﬂ'z: e vh'z;—-.ﬁz;
F.J'.-"qr.'n'—rﬂ'}_', vi_.i'."., L Vi A—DE, vﬂz, =z, 1’1?}1‘; —i¥E 1’1?}'}_': =" E Vi Li—=iE,

|\ VJ',-’W.".'—J’J'E; vﬂn. B Vi A —=DE! vﬂi.. —[re; FF)E‘ —{VE vn")'a —IrE! va'E,'—-f}'E; Fi

0 7 matrix is derived the Haftel-Tabakin method
for matrix inversion: 7 = (1 - VG)~'y

———E it
T_f'.«'(p !P) - V.f:(p -P} + {23}3 ;/ZEH{G}EEE {q}

Ea) Ti(q.p)

vak(p‘q}S—E%(Q}ﬂ'fE 39




4. applications

Rescattering effect (Y p — @ p) Final state interaction (‘y p — ¢ p)
S. Sakinah, SHKim, HMChoi, 2604.14814 (2026) S. Clymton, SHKim, HChKim, in preparation (2026)
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0 Two pronounced cusp structures are 0 Different cusp structures are generated
located at the DA, and D*A. thresholds. automatically. 40




5. summary

0 We studied the v p — K* K* = reaction in a hadron exchange model.
Nine Feynman diagrams are rigorously taken into account in a gauge invariant manner.

0 The total cross section 1s calculated and 1s fitted to the JLAB/CLAS data.
The results of invarianrt-mass distributions and Dalitz plots will come soon.

0 We can apply our formalism to other 3-body reaction channels:
vN—- Kz (JLab), KN—->a K Z", KK Q (J-PARC), etc.

0 A comprehensive understanding of multistrangeness baryons requires
a detailed investigation of three-body reaction mechanisms.




5. summary

0 We studied the v p — K* K* = reaction in a hadron exchange model.
Nine Feynman diagrams are rigorously taken into account in a gauge invariant manner.

0 The total cross section 1s calculated and 1s fitted to the JLAB/CLAS data.
The results of invarianrt-mass distributions and Dalitz plots will come soon.

0 We can apply our formalism to other 3-body reaction channels:
vN—- Kz (JLab), KN—->a K Z", KK Q (J-PARC), etc.

0 A comprehensive understanding of multistrangeness baryons requires
a detailed investigation of three-body reaction mechanisms.

Thank you very much for your attention

41
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