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Hadron Physics

= Study of guantum many-body system governed by QCD

Q
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Hadron Physics

= Study of guantum many-body system governed by QCD

Confinement

Standard Hadrons
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Hadron Physics

= Study of guantum many-body system governed by QCD

n

Confinement Baryon *).(/1 i / SR g
Meson

Standard Hadrons i \ —/
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Hadron Physics

= Study of guantum many-body system governed by QCD

n

Confinement

- More hadrons?

| ety
B SN

aryon )(

Meson y |

Standard Hadrons
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Hadron Physics
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Hadron Physics

= Study of guantum many-body system governed by QCD

Confinement
Exotic Hadrons

Standard Hadrons
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Confinement
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Hadron Physics

= Study of guantum many-body system governed by QCD

Confinement

Standard Hadrons - Origin of the hadron mass?
-> Hadron structure?
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J-PARC

= Japan Proton Accelerator Research Complex
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Malnleng
E|ab = 30 Ge

Hadron Exp.
Facility (HEF

#0™>s
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it | » Accelerators
£} | |Eiap = 400 MeVR ¢ - LINAC
T e TRV e _ RCS
4 LT i | - Main Ring (MR)
High intensity 1T MW

Hadron Exp.
Facility (HEF

s
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| LINAC “2 -8 > Accelerators
E|ab = 400 MeV R | " | _ LINAC
|y RS W L L. W _ RCS
- Main Ring (MR)
High intensity 1T MW

I\/Ialn.Rlng
Ei.b = 30 Ge

Hadron Exp.
Facility (HEF

el >
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|LINAC " ‘ > Accelerators
E|ab—4OO I\/IeV Le@e - LINAC

- RCS
- Main Ring (MR)
High intensity 1T MW
» Experimental facilities
- Material/Lite science

Main Rln IR ) )
£ 30% s - Neutrino physics
o= S VR i :
' - Hadron/Nuclear physics
ation reactions © Muon ()
Target Nucleus Pion () P
Proton (P) o —_—
Neutron (n © Neutrino (V)
w0 Kaon (K)

o->

Proton (p

e Hadron Exp. B 5oV, 50 Gev
. Facility (HEF
".~~ = bNeutron (n)
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| » Accelerators

- LINAC

- RCS

- Main Ring (MR)
High intensity 1T MW

» Experimental facilities
- Material/Life science

Main Rln IR ) )
£ 30% s - Neutrino physics
Bl S VLY i :
/) - Hadron/Nuclear physics
ation reactions © Muon ()
Target Nucleus Pion (1)
Proton (P) o —
Neutron © Neutrino (V)
w0 Kaon (K)

o-}

Proton (p

< Hadron Exp. B 5oV, 50 Gev
8 Facility (HEF
‘..\~ = bNeutron (n)
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J-PARC Hadron Experimental Facility

. HEF
® g Hadron
Experimental
M R MR (30GeV proton synchrotron) (< Facility (HD)
M/ 7 A-Line J % e =. s
o B-Line
‘ = 4
0 10 20 30 40 30
1l (m) : ] ‘ COMET
- - Hall
» Slow extraction
- aduration of 2.1 sin every 4.24 s (1 spill)
- 90 kW stable operation
- >8x1013 ppp World record! (Apr. 2025)
Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim 8



J-PARC Hadron Experimental Facility

K1.8 (~1.8 GeV/c /K/p)

BB interaction
(focusing on S=-2)

K1.8

K1.8BR (~1.0 GeV/c /K/p)

S
"~ {CP violation in
L = KL — 7%p decay

KN interaction K1 .8R

In-medium
Hadron property

in Muonic Atom
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J-PARC Hadron Experimental Facility

K1.8 (~1.8 GeV/c /K/p)

BB interaction
(focusing on S=-2)

K1.8BR (~1.0 GeV/c vk/p) | K1.8

KN interaction K1.8BR Sy CP violation in
| KL K; — 7' decay
= - o, high_p In-medium }
—— - Hadron property
30 GeV S\ _\{ —
proton
beam COMET ||u-e Conversion

in Muonic Atom
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¢ Mass Modification in Nuclei

J-PARC E16/E88: ete- and K*K- measurements in pA collisions
Probe of quark condensate & partial chiral symmetry restoration

Expected spectrum (15k ¢, p+Cu)

E16: dielectron including > e+e-

Leadglass Bzam 160
('ﬂlgﬁmlﬂl. Y o E

% Indf 8895/51

Prob 0.000795

e .
>140F

o F ; : L ]
S 120Femfe] i :
> IOU Nexcess I’ ' N ~
O 80y |
@ o T

T

E 4{!_‘, + ||-h
8 20 Ty

SN T T e
%.85 D9 095 1 105 1.1 1.15 12

~1M 2> K+K-

[LE1 RS T

MRPC anis . Preliminary HSD model
| Calculations (P. Gubler)
0016 .
snie LW *—— No mass shift
0.012 mass ||
oo | shift

8

i
Py<1.25
0006 ‘ i
0.004 f f’i w/ KN interaction
0.002 i -

"uu,‘ ] .

15 L1 s 1
My« (GeV/c?)

H. Sako
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J-PARC Hadron Experimental Facility

K1.8

(<2 GeV/c /K/p)
K1.8BR

(<1.2 GeV/c 1/K/p)
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J-PARC Hadron Experimental Facility

K1.8

(<2 GeV/c /K/p)
K1.8BR ) K18
(<1.2 GeV/c 1/K/p)

i 5o Gold (6-divided)

Copper

/  each gold piece is
. measured at left
and right edges

Stainless -
steel

p _' ‘:I. l
| Cooling-water pipes J{i

11 Gold Target
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J-PARC Hadron Experimental Facility

Spallation reactions O Muon ()

Pion (1)

Target Nucleus
LH S

Proton (P)

Neutron (n O Neutrino (V)
o . D) Kaon (K)
K1.8 " Anti Proton (p)
Proton (p

(<2 GeV/c /K/p)  3Cev 30 Gev
K1.8

b Neutron (n)

wy, 66mm Gold (6-divided)

K1.8BR
(<1.2 GeV/c 1/K/p)

measured at left

and right edges
Stainless =

steel

j Cooling-water pipes [l

11 Gold Target
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J-PARC Hadron Experimental Facility

Spallation reactions O Muon (1)
Pion (1) g
Target Nucleus
Proton (P) ;p -
Neutron (n O Neutrlno( )
K1.8 .
Proton (p

(<2 GeV/c /K/p)  3Cev 30 Gev
K1.8

K1.8BR
(<1.2 GeV/c 1/K/p)

Copper

Ve / temperature of
¢/ eachgoldpieceis
measured at left

and right edges
Stainless ;

steel

‘ Cooling-water pipes [l

11 Gold Target
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J-PARC Hadron Experimental Facility

Spallation reactions 4O Muon ()
Target Nucleus
J O mouv

Proton (P)

Neutron (n

s O l>

Anti Proton (p)

b Neutron (n)

wy, 66mm Gold (6-divided)

Proton (p
3 GeV, 30 GeV

( k1.8BR
(<1 .2 GeV/c /K/p)

Copper

'Y/ temperature of
-/ each gold piece is

" measured at left

and right edges

Stainless
steel

‘ Cooling-water pipes [l

11 Gold Target
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J-PARC Hadron Experimental Facility

K- or /- beams Spallation reactions © Muon ()
Pion (r[) :
EX) K_p_’K_i_:_, :_p_>/\/\, Proton(p)

Neutron (n w Neutrlno( )
mH-p— K+Z+/- K-n =1\ —
- - K1 8 ' TS~ Anthroton ()
4 TN Proton

(<2 GeV/c i/ K/ﬁ)\“ 3 GeV, 30 Gev
{ K1.8BR \

(<12 GeV/c /K/p)

Target Nucleus

Neutron (n)

wy, 66mm Gold (6-divided)

measured at left

and right edges
Stainless -

steel

j CIng“water pipe .
11 Gold Target
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Choice of Beam Momentum

» K1.8 Beam Line

K p — KTE reaction
Peak at ~1.8 GeV/c

\./5

~ 80— "|"'s"|"1"'|"‘!'_
ey E : : - o Presentdata 9
':Q;_ 70 : : e . T.lijima et al. (1992).:
N - : o : J.P.Berge et al. (1966) 3

| . S 1 : G Burgen et.al. (1968) 7
X = : i © o : P.M:iDauber et al. (1969}:

a 50,:_ sl . :__--__-_~ Eveball ﬁt (C B.Dovet etal.)

., ; : 4 B, : E
g Ay N E
e =
206_ .......... ;: PP AN S e \\ ............................................. _f
10.;_ /';"'0' | | . ¢\ | | _;
) T #TRE PPN PTS P RN TR R K

} 12 14 186 18 2 72 74 26 78 3

:j;‘h (GeV/e)
Study of double-strangeness system

Ex) H-dibaryon, &~ hypernuclei

» K1.8BR Beam Line

(K™, N) elementary cross sections at 0y = 0

Peak at ~1.0 GeV/c

p(K pK ——
n(K ,n)]S' I
p(K- K>

| T.Kishimoto. PRL 83 (1999) 4701

mb/sr
TN

200 400 600 800 1000 1200 1400 1600

Py (MeV/c)
Study of Kaonic nuclei
Ex) *He(K~, n)"K pp"

Nov. 20, 2025
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Current Status of J-PARC HEF

| ae—

|30 GeV proton
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Current Status of J-PARC HEF

S .'"r;, '.' 1 Ve !_Q K1 ,8

-----

| ae—

e ————

|30 GeV proton
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=~ Hypernuclei Spectroscopy

T. Gogami

" A sazrinzans ‘ - .

[ &
O /S PRRC
Japan Proton Accelerator Research Comphk

plex
EEEEEEEEEEEEEEEEEEEENENEDDN

W ™ =P g
" / -

Y FEia
T

\{}] ._8 GeV/c

=S
et .

e A g T. Gogami et al., EPJ Web Conf. 271, 11002 (2022).
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Kaonic Nuclei Search

© 0O G

T. Hashimoto

31
K- p K- p p K- p p n K- p p nn M ié ' ' i—li . accepraiuce c!orre-!:ted
=A(1405) R £ 300<¢ <600 MeV/e]
- rE“s-:n— F«IE } data
S ! — Kpp—Ap

¢é® A(1405) from d(K-,n) gt‘“" — kw2 1

v'nZ: PLB837(2023)137637. = | =
©® “Kpp” from 3He(K;, n) 8
v'Ap: PLB789(2019)620., PRC102(2020)044002.

v'TYN: PRC110(2024)014002. TRT A N

* “K-ppn” from *He(K-,n)
v'Ad: A hint has been observed.

®New project has started from E80, “K'ppn”, aiming at
the systematic study of the kaonic nuclei
* Constructing a large solenoid spectrometer
* will start in early 2027
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J-PARC Hadron Experimental Facility

| A. Toyoda (Jul. 2025)
I I [ ]
K1.8BR E:=
E1S5, E31, E57, €62, E72, [Py || ﬁ —’;(1)-38 cos 07 F05. E10
g%%g ] | E13, E18, E19, E22, E26,
— — = ~ E27, E40, E42, E45, E63-1,
T1 target == ,Eq Sy (E70,E75, E9O, E94(E96,
TN L) : T10
primary = s
proton A-line PR
beams
B-line E29, E63, E86 | ~CH k1
- | o=y KL
11 e
Q, /f“’” L
] N high-p
== el E16, E50, E79, ESS,
50 :Jﬁ E9S, E97 Stage-1 approved
[ | s Stage-2 approved
i i i Data taking
A-line: primary beam line to T1 ; . ..
B-line: branched from A-line to high-p IC?M- j Partly f|n|she;1
C-line: branched from B-line to COMET E21 o = Completed
Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim 16



J-PARC Hadron Experimental Facility

£1.8BR

[

-

Al I

Qa(JuL

1 :
Nop & K1.8 \
gg, EZ;, Eg, E62, E¥2, |- E03, EO5, EO7, E08, E10,
10;1 ’ ! -El / . _| E13, E18, E19, E22, E26,
! x s E27, E40, E42, E45, E63-1,
L& (E70,E75, E90, E94(€96,> /
L — 0
primary = AR
proton A-line TRESRER
beams
(K1.1) =H
E29, E63, E86 | 572 ~ KL
' el F14
Q, a/"*’ a5
| - /OQ hlgh'g
== = £16, ES0, E79, E88,
ol 1R Jﬁi E95, E97(T106 / | Stage-1approved
[ 1= : Stage-2 approved
] l i R Data taking
A-line: primary beam line to T1 —H ..
B-line: branched from A-line to high-p {> COMET Partly fInIShezd
C-line: branched from B-line to COMET =tz E21 o = Completed

2025)

Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim
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Hyperon Spectrometer @@ KEK'& @2»

» Detect all charged particles’ trajectories in 3D. J-PARC
. HypTPC
Trigger Counter Array (HTOF)

Collaboration

Superconducting

Time Projection Chamber |* Large acceptance (~4m)
(HypTPC) » High rate capability (~106 cps)
> High resolution (o ~1 MeV)
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HypTPC
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HypTPC

> 1. Drift region
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HypTPC

> 1. Drift region

“Yarget holder

Ml 3 T
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HypTPC
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HypTPC

> 1. Drift region
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HypTPC

> 1. Drift region

» 2. Amplification Region

-

farget holder

ey
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HypTPC

> 1. Drift region » 2. Amplification Region

-

farget holder = >

i

T T
-y * 3.Read-out Electronics
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Superconducting Magnet

» Helmholtz-typed magnet (KR-tech, Daegu)
-> large acceptance & high uniformity

» NbTi (T.=9 K), conduction cooling

» Max. 1.5Tat 103 A(1.0 T for E42)

By at x=0

4001
—400 -300 -200 -100 O 100 200 300

<2% uniformity
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HTOF Array

» ultrafast scintillator (EJ-232)

» 34 segments with beam
window

» 8 MPPCs (S13360-3060PE)
at each end

> Resolution: ~130 ps

[top view]

i | 1000
e 800 *100-‘
B [side view]
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First Installation of HS

Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim
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Hyperon Spectrometer
at K1.8 Beam Line at J-PARC
April 13, 2021

@arll 12, 2021

% = | L/'
|7 _._,---:,'
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Hyperon Spectrometer
» Simulation (J-PARC E42)

400,

300!
200~
r 2
100~
o
-100

_400 xxxxxxxxxxxxxxxx sl g gl
—400 -300 200 -100 0 100 200 300 400

-300&

400" ' L
0006300 200 100 0" 100" 200 300 400

—200 O

-400.

-100}
-200}~

—300 C

» Event Display (J-PARC E42)

200 C

-400 300 200 100 0 100 200 300 400

400
300}
200F

100/

400 ................... l..‘ ...............
—-400 300 200 100 0 100 200 300 400

Nov. 20, 2025
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Counts/(0.002 GeV/c?)

PID by Hyperon Spectrometer

» HypTPC dE/dx

- O'<dE/dx>/<dE/dX> ~ 20%
at 0.4 < p1<0.45 GeV/c

TPC (dE/dz) (a.u.)

3.5;—-
2.52
A= |
I | » HTOF Time-of-Flight
| . flight length: 200~500 mm 0

p/z [GeV/c]
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HypTPC Experlments at J-PARC

H-dibaryon search New A* h
N |E42 ) ew N\* searc
in 12G(K~,K*) reaction  |E72 in p(K-,/\)n reaction
E45 N* spectroscopy
in rr=p—rrtN reaction - |E90 _ZN cusp study |
~ in d(K-,rm-)/\p reaction
K1.8 ’
(~1.8 GeV/c r/K) & |E104| pp — ¢ reaction
K1.8BR K18

(~1.0 GeV/c /K)

LOI/ | ©+ search in
) (P109| Ktd—K%%p reaction

J-PARC
HypTPC

Collaboration
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XE TPC Experiments at J-PARC

H- dlbaryon search New A* search

in 1QC(K— K+) reactlon n |E72 in p(K-,/\)n reaction
E45 N* spectroscopy
in r=p — N reaction - |ggg| zNcuspstudy
= in d(K-,m-)/\p reaction
K1.8
(~1.8 GeV/c T/K) E104| pp — ¢h¢ reaction
K1.8BR K18

(~1.0 GeV/c /K)

LOI/ | ©+ search in
) (P109| Ktd—K%%p reaction

J-PARC
HypTPC

Collaboration
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J-PARC E42: H-Dibaryon Search E":

» Search for the H-dibaryon via 12C(K-,K*) reactions at 1 8 GeV/C

K-~..
..*n
{p . %
12C
P >
uuddss
[=0, J=0~*

@K1.8 Beam Line in Hadron Experimental Facility , J-PARC
Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim 26




J-PARC E42: H-Dibaryon Search E"E/

» Search for the H-dibaryon via 12C(K-,K*) reactions at 1.8 GeV/C

'K .. Kt
A

uuddss A
[=0, J==0+
KIR8'Beam Line

Spectrometer g

@K1.8 Beam Line in Hadron Experimental Facility , J-PARC
Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim 26




. A
J-PARC E42: H-Dibaryon Search E‘L/
» Search for the H-dibaryon via 12C(K-,K*) reactions at 1.8 GeV/c

-

-

X4 ~\ ¢ ) )
'K—a £K+|
| | ,"g L |

N " ’

& s 7 S0

L 2

p—>—
1zc{
P >

uuddss A
= =()+
1=0, J=0 . KURAMA
KT8 Beam Line Spectrometer
Spectrometer ] PR —ir K+

@K1.8 Beam Line in Hadron Experimental Facility , J-PARC
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.S
J-PARC E42: H-Dibaryon Search E'E/

» Search for the H-dibaryon via 12C(K-,K*) reactions at 1.8 GeV/c

uuddss
| KURAMA
Spectrometer
K e Spectromece sRe_c_tff,_mEir

@K1.8 Beam Line in Hadron Experimental Facility , J PARC

Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim 26



A
J-PARC E42: H-Dibaryon Search E‘E

Completed in 2021; analysis in the final stage

KEK E522
g ?
NE 25 ... Combinatorial
% - J-— Phase Space for
= 7| K ?C—-"Be(g.s.) K'AA
xi G.vvvnes INC (FSI OFF)
B D INC+FSI (fss2)
:g: 1.5 TE __ INC+ESI (ESCO4d)
—~ E 4y
£ |l R
s ||t
B 1 1.17
T 05 5[ 1.15 |
A 3 l\LEN —}l”"m s b 1.17
g . . . L ‘o 111 2
0 25 50 75 100 125 @[// 107107 1% M (Ge\”C)
\!
AA Invariant Mass-2M, (MeV/c?) 5, M
90 AA events 9k AA events
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HypTPC Experlments at J-PARC

H-dibaryon search New A* h
N |E42 ) ew N\* searc
in 12G(K~,K*) reaction  |E72 in p(K-,/\)n reaction
E45 N* spectroscopy
in rr=p—rrtN reaction - |E90 _ZN cusp study |
~ in d(K-,rm-)/\p reaction
K1.8 ’
(~1.8 GeV/c r/K) & |E104| pp — ¢ reaction
K1.8BR K18

(~1.0 GeV/c /K)

LOI/ | ©+ search in
) (P109| Ktd—K%%p reaction

J-PARC
HypTPC

Collaboration
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HypTPC Experlments at J-PARC

E42 H-dibaryon search
in 12C(K-,K+) reaction d

'~ |E72

E45 N* spectroscopy

in = i 2N cusp study
in rr=p—rrtN reaction '
P - W E90 in d(K-,rm-)/\p reaction
K1.8
(~1.8 GeV/c /K) E104| 5p — ¢¢p reaction

K1.8BR
(~1.0 GeV/c /K) Sl

LOI/ | ©+ search in
) (P109| Ktd—K%%p reaction

J-PARC
HypTPC

Collaboration
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Narrow A* near An threshold?

» Differential Cross Section for K-p—/An
Quadra’uc

do/dQ (mb/sr)

Flat

p,_?24 MeV/c

e e
p=726 MeV/c
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» Concave-up only around px=734 MeV/c
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a narrow resonance, a J=3/2 (P or D waves) state
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Narrow A* near An threshold?

» Differential Cross Section for K-p—/An
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» Concave-up only around px=734 MeV/c
a narrow resonance, a J=3/2 (P or D waves) state

>

» should be exotic!

- molecular state?

- pentaquark?
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E72: Narrow A* Search near An threshold
o [ p— Anat/735 MeV/cat K1.8BR K1.8BR BL

HypTPC

A — pr (invariant mass), #(missing mass)
e Angular distribution = spin, A Polarization = parity

x100 higher statistics than Crystal Ball
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@K1.8BR Beam Line, J-PARC

Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim 30



E72: Narrow A* Search near An threshold
o [ p— Anat/735 MeV/cat K1.8BR K1.8BR BL

HypTPC

A — pr (invariant mass), #(missing mass)
e Angular distribution = spin, A Polarization = parity

x100 higher statistics than Crystal Ball

FR T0 |
é‘ : o H)‘;peront fe LH,target
HYOTPC pectrometer )

e/ A2 HTOF
Q/QB oY= > HS Magnet
= - {0 e . B=1T

0 3m " ) e

| 1 ! |

D4 ! J
BHE\ 1}
@%\07
O\(/Sp\\\ ‘&\DL’:S?’
2 K-bea 1
K- beam
' HypTPC

@K1.8BR Beam Line, J-PARC . .
Physics run just completed !
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HypTPC Experlments at J-PARC

H-dibaryon search New A* h
N |E42 ) ew N\* searc
in 12G(K~,K*) reaction  |E72 in p(K-,/\)n reaction
E45 N* spectroscopy
in r=p =N reaction - |E90 _ZN cusp study |
~ in d(K-,m-)/\p reaction
K1.8 ’
(~1.8 GeV/c r/K) & |E104| pp — ¢ reaction
K1.8BR K18

(~1.0 GeV/c /K)

LOI/ | ©+ search in
) [P109| K+d—K%p reaction

J-PARC
HypTPC

Collaboration
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HypTPC Experlments at J-PARC

E42 H-dibaryon search
in 12C(K-,K+) reaction

| New A* search
E72 in p(K‘, /\)'7 reaction

' |E45 N spectroscopy | ‘{
in i=p— N reaction |

K1.8 ;

(~1.8 GeV/c /K) 2 |E104

K1.8

..... 2N cusp study
- W [E90 in d(K-,m)/\p reaction

pp — ¢ reaction
K1.8BR

(~1.0 GeV/c /K)

LOI/ | ©+ search in
) [P109| K+d—K%p reaction

J-PARC
HypTPC

Collaboration
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N* and A* Baryon Spectroscopy

. H. Kamano, et al. PRC 79 025206 (2009)
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E /ot
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N(2100)| 1/2F xxx —— *%*x Established There are many N* and A* resonances
N(2120)] 3/27  xxx *k% . .
— - I ok ok which couple to mmN dominantly

» Most of the N* and A* so far were measured from aN—=aN, yN—aN, yN—naN.
» mN—rmaN data are necessary to resolve remaining resonances.
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Lattice QCD Calculation

PRD85 054016 (2012)
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» Lattice QCD calculation predicts that hybrid baryons should exist.
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E45: N* and A* Spectroscopy

N*/A* spectroscopy with the mp—nnN and ip—KY reactions in the
wide energy range of 1.5 - 2.15 GeV (p=0.73 - 2.0 GeV/c)

» Updates on the world database (mp—nnN)
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J-PARC E45 Multiplicity Trigger

> Trigger: HTOF multiplicity-2 from m#p reactions

at 1.5-2.15 GeV (p=

> mp—anN reactions

Tp—nttn, i,
T p—ninp, Tt

> Tp—Tp reactions

0.73-2.0GeV/c)

n_p_)n-p9 A = 1
T p—oTp
> tp—KY reactions =
Tp—KA, KX ™
v 5 ~ 0 :';ﬂ
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J-PARC E45 Multiplicity Trigger

> Trigger: HTOF multiplicity-2 from np reactions
at 1.5-2.15 GeV (p=0.73 - 2.0 GeV/c)

> mp—anN reactions

Tp—nttn, i,
+ Oqr+ ot
tpormp, nrh » HTOF detector —t—

> Tp—Tp reactions

TpP—TDP, A .
A i
> tp—KY reactions =
rp—KA, KX -
Waiting for the beam time  ji=4l L |

after E72 |
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HypTPC Experlments at J-PARC

H-dibaryon search New A* search

EA2 in 12G(K~,K*) reaction  |E72 in p(K-,/\)n reaction
E45 N* spectroscopy
in r=p =N reaction - |E90 _ZN cusp study |
~ in d(K-,m-)/\p reaction

K1.8
(~1.8 GeV/c /K)

K1.8BR
(~1.0 GeV/c /K) Sl

E104| pp — ¢p¢ reaction

LOI/ | ©+ search in
) [P109| K+d—K%p reaction

J-PARC
HypTPC

Collaboration
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HypTPC Experlments at J-PARC

H-dibaryon search New A* search

E42 in 12C(K-,K+) reaction s |E72 in p(K-,/\)n reaction
E45 N* spectroscopy
in rp— N reaction - |ggg| zNcuspstudy
v in d(K-,m-)/\p reaction

K1.8
(~1.8 GeV/c /K)

K1.8BR
(~1.0 GeV/c /K) Sl

E104| pp — ¢p¢ reaction

Collaboration
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©+ Search History

Photoproduction CLAS = | 159
vd = K*nk-p M |
TP —K0cK*+n % ] 50?
YP _’KOSKOLP % N
Yd _'KOPK_p is 'L‘}m,x-'}j?new};" 2 14 15 16 17 18 19
M(nK*) (GeV/c?)
Hadronic production o | WW/.
Ktp O+ = KE E5‘§9 un—PAll C E19
E 10 Y 2\ | i
8100_ £ N II’ i|I
- — +K— 50 Ay cay | I '
r[ p e K i ?:;.:IJ | : - o 3“3'@ _‘__._."_.km_
o Missing Mass (GeWc’}. o L :li:s]ng M;ssss [c;ewcgfs
Direct formation on nuclei
+(i ; + 0 ol . .
Ken(in nuclei) = ©* = K% huge background et e
K- angle acceptance " with a kinematic cut

» A final attempt should be made for a definitive exclusion.
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K+d—KO%pop for the ©+ Production

Feasibility study of the K*d — K%pp reaction for
the @t pentaquark

Prog. Theor. Exp. Phys., 2020, 063D03 (2020).
Takayasu Sekihara'***, Hyun-Chul Kim'#?, and Atsushi Hosaka'~
(a) (b)

p(p2) p(pl) p(p>) p(pi)
i K (k")
K"(k")

-.,"

.\

p noo
"D K'(k) K'(k)

T

» They predicts that the ©(1524)+ (I'=0.5 MeV, JP=1/2+ ) production
cross section is of the order of a few hundred pb to 1 mb at px+=0.40

GeV/c where impulse scattering process is dominant, and drops to <
1 pb at pk+=0.85 GeV/c at which two-step processes are dominant.
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New Proposal at J-PARC

» K+d = Kopp (KO—=1r11+) at 0.5 GeV/c at K1.8BR or K1.1BR

K1.8BR/K1.1BR BL
HypTPC

KO

##¢ls> 1-T superconducting

S g
> = B
i <
S
A I
{

“Helmholtz magnet

HTOF

p

>~ No significant background HypTPC
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New Proposal at J-PARC

» K+d = Kopp (KO—=1r11+) at 0.5 GeV/c at K1.8BR or K1.1BR

K1.8BR/K1.1BR BL
HypTPC

##¢ls> 1-T superconducting

S8 g
> = .
(F <
S
Bt I
|

“Helmholtz magnet

HTOF

p

» No significant background To be submitted !
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J-PARC HEF Extension Project

K1.8
(~1.8 GeV/c /K)

K1.8BR
(~1.0 GeV/c /K)

Nov. 20, 2025 KSHEP 2025 Fall / Shin Hyung Kim

40



J-PARC HEF Extension Project

K1.8 HIHR

(~1.8 GeV/c /K)
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COMET (10-20 GeV/c )
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J-PARC HEF Extension Project

K1.8 HIHR
(~1.8 GeV/c /K)

K1.8 ¥

K1.8BR
(~1.0 GeV/c /K)

(~1.2 GeV/c /K)
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(10-20 GeV/c )
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J-PARC HEF Extension Project

K1.8 HIHR
(~1.8 GeV/c /K)
K1.8BR |
(~1.0 GeV/c /K) K 8 N
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' . o

(~1.2 GeV/c /K)

K1.1BR
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. High-p (n20) |
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J-PARC HEF Extension Project

Measurement of Drell-Yan in E50
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| » Accelerators
- LINAC = Hl-injector

s
.

: Elab = 400~ MeV i

=0
=Y
o

AW LINAC

\"
o

8= Hl-injector = ">
—. - Main Ring (MR)
J-PARC-HI

J-PARC Heavy lon

- Heavy-ion beams with
world highest luminosity
- Max. Intensity: 1011 Hz

- Syy = 2-6GeV, or
Elab =1 -20 AGeV

| s - Experimental facilities
B - Hadron hall

Hadron Exp.
5 Facilit
P 0y
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J-PARC-HI: Physics Goals

T O Quark-Gluon
O O Plasma

LHC
RHIC RHIC

BES -1+l

}mg
FAIR = NI

Compact Stars

@ Hadronic
Phase

Hypernuclei

Exotic hadrons

Hadron
Interaction

5 Strangelets
N

Exploring extremely dense medium
9-10 p,

—QCD phase transitions & critical point
— Equation of state for neutron stars

Search for rare hadronic/
hypernuclear events

—Hadron interaction/structure
—Hypernuclear physics
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Summary

-> A wide range of hadron-physics experiments are being carried
out at the J-PARC Hadron Experimental Facility.

- Korean groups are actively contributing through the HypTPC
collaboration, and we will continue to expand physics opportunities
and broaden our contributions.

Stay tuned!

J-PARC
HypTPC

Collaboration
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