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World’s highest level intensity proton beam = Beam power 82 kW



High-p beam line for 2"da"y peam: 720

* High-p: 2"dary beams can be provided from the primary proton beam.

» High intensity: >107 /spill for =%, p ( >10° /spill for K-, p) up to 20 GeV/c
* High momentum-resolution beam: Ap/p = 0.1%(o)
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High-p beam line for 2"9a"y peam: 720

* High-p: 2"dary beams can be provided from the primary proton beam.

» High intensity: >107 /spill for =%, p ( >10° /spill for K-, p) up to 20 GeV/c

* High momentum-resolution beam: Ap/p = 0.1%(o)
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Investigation of baryon internal structure

- Non-perturbative region
/ = “Quark core” region
.ZZ 1@ * Non-trivial gluon field: Instanton™
\S‘\N » Chiral condensate {(gg) = 0
‘ » Dressed quark (Constituent quark)
N « Emergence of ©
S > « Meson (pion) Cloud

*How quarks build hadrons ?

* Dynamics of non-trivial QCD vacuum = Dynamics of Effective DoF
 Effective degrees of freedom: Diquark correlation
 Origin of spin-dependent force: Systematics of spin-spin/spin-orbital forces
* Quark motions in “quark core”: Size of “core” and ’cloud”

*Instanton: A topological object of gluon that mediates the U ,(1) breaking interaction proposed by Kobayashi, Maskawa, and t Hoot



Charmed baryon spectroscopy: J-PARC E50

“Excitation mode”: A and p modes reflected by Diquark correlation

* Dynamical information: Production rates and absolute decay branching ratios
« Missing mass method: - p — D™~ Y/ reaction at 20 GeV/c

p mode S u-d
Light quark baryon Excitation of g-g Se_ - - — ExCIted states
— N A by spin-spin
Interaction

A mode
Collective motion
between g-g and Q

G.S. = m—
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Production rates by hadronic reaction
- p — DY, reaction @ 20 GeV/c

» Production cross section(0° ): Overlap of wave function=» R ~ (¢, |[V2o_exp(ig7)|¢;)
= Production rates: A/p mode assignment
* Production rate of LS doublet =L : L+1

| ~|(Qey /) |exp(-05 /®)
 Large production rate of highly excited states — - -

Mom. Trans.:q.s~1.4 GeV/c
One-quark process Two-quark process | @-0.4 GeV ([Baryon size]*)

% A-mode states w/ finite L are populated. % Comparable p-mode states are expected.
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Production rates by hadronic reaction
- p — DY, reaction @ 20 GeV/c

» Production cross section(0° ): Overlap of wave function =»

= Production rates: A/p mode assignment
 Production rate of LS doublet = L : L+1

 Large production rate of highly excited states —_—

Expected mass spectrum
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MARQ spectrometer at ©20
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* Production rate
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MARQ spectrometer at ©20
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+ Trigger-less streaming-readout DAQ

Multipurpose Analyzer
for Resonances and Quark dynamics (MARQ)
= New platform for hadron experiment
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Hadron experiments at 720 N

« High-momentum 2"9a"y beam: 2—20 GeV/c
« MARQ spectrometer + Trigger-less streaming-readout type DAQ

= Various experiments can be conducted.: Simultaneously at the same beam momentum
» Unseparated beam: e.g. n~/K-/p can be used simultaneously.

Beam particle Momentum [GeV/c Intensity [I\/Icps]

Charmed baryon spectroscopy

E baryon spectroscopy K- 5-8 > 0.5
Q baryon spectroscopy K- 7-10 > 0.5
Non-strange dibaryon search proton 2.85-4.00 >1
¢N interaction study via n~ induced reaction T 1.8-2.4 > 1
Exclusive Drell-Yan measurement T 15 30
A(1405) study by quark counting rule T 5-10 > 10
Double Kaonic nucleus search proton 8 30

A-p scattering experiment with high-momentum T 8.5 30



Heavy flavors for revealing diquark correlation

Light quark baryon Charmed baryon = baryon Q baryon

P-wave (L=1) p mode

%k Systematic studies for baryon systems with heavier flavors: ¢ & s
« Charmed baryon (E50): ud diquark correlation
« = baryon (E97): us/ds diguark correlation = Flavor dependence
« QQ baryon (P85): Only axial-vector diquark correlation = Reference system
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Q2 baryon spectroscopy: J-PARC P85

Proton Meson(m) cloud T ~_ |Qbaryon
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« Q(sss) baryon: Flavor symmetric system
 Free from Pion Cloud: Investigation of “Quark core” region (Non-perturbative region)

= Origin of spin-dependent forces and quark motion
 In terms of One Gluon Exchange(OGE), Instanton Induced Interaction(l11) and Pion cloud



Roper-like resonances: 2S state

 Systematics of Roper-like states
« Small excitation energy and wide width
« Mass universality ?
* What does determine its width ?

» Decay width of 2S state

Radial excitation 2S states

n/K

=3

NR expansion of meson emission

< Roper|0|G.S.> ~ <0 - p>(uq+a2pl + )

Leading order (LO)
suppressed by selection rule

J. Arifi et al., PRD105, 094006 (2023)
J. Arifi et al., PRD103, 094003 (2021)
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*¥ Vibration of “core” and “Meson could” ?

Systematics of the Roper-like resonances

Next to leading order (NLO)
= I ~ (p2) internal quark motion

% Q*(3/2*)(2S): T = 50—100 MeV

Excitation energy [MeV]
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2S-state baryons
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Roper-like resonances: 2S state °

 Systematics of Roper-like states
« Small excitation energy and wide width
« Mass universality ?
* What does determine its width ?

Radial excitation 2S states

» Decay width of 2S state

.m/K ..
/' %{ Radial RIS
P
£ | Excitation ; SI‘ Ws <
g 2S | = I
S| ~500Mev? \ ,
NR expansion of meson emission E P . % ,
< Roper|0|G.S.> ~ <7 - p>(kq+a2pl + ) E \\ZL ’/’
A m —
Leading order (LO) - G.S.
g _ Next to leading order (NLO) | b
suppressed by selection rule _ _ Q(sss) 1S
J. Arifi et al., PRD105, 094006 (2023) =~ (pé) Internal quark motion 2 2
LATITIetal., ) . 1
J. Arifi et al., PRD103, 084003 (2021) 3 (*~(3/2+)(2S): T = 50100 MeV % (rq> ~ 1/(pg): Quark core size ?




Expected mass spectrum: K- p —- Q™~ KO0 K*
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« Q" events: ~10° events @ 100 days (63 nb: Same cross section for all resonances)
« Estimated from K* K* 7~ mode (K° K* mode X 1/40)

« Mass resolution: AM ~5 MeV < Width (several 10 MeV)

16 18 2

« Q" states in PDG are
generated.

« Roper-like state: Q(2160)-,
I' =100 MeV (assumed)

« Breit-Wigner type
resonances

% Known states in PDG
and background by
hadronic reaction code
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Hadron Experimental Facility €Xtension (HEF EX) Pro;ect
Expand research programs at the

Present HEF [Extended HEF|
(2009~) Hadron Experimental Facility tO explore >

Origin & Evolution of Matter HIHR“
more deeply

K1.1/K1. 1BR

2 High-p (nZO) f ha“

COMET
e
EX te“d

1 production target (T1) -
1 secondary-charged beamline (K1.8/K1.83R>x
1 neutral beamline (KL) + 1 new production target (T2)
1 primary beamline (High-p) 4+ 4 new beamlines (HIHR, K1.1/K1.1BR, KL2, K10)

1 muon beamline (COMET) 4+ 2 updated beamlines (High-p (720), Test-BL)



Baryon spectroscopy at J-PARC

* 120: © beam (unseparated beam)

 High intensity: >107 /spill for =~ up to 20 GeV/c
« K10: K- & pbeam (K/x ~ 1/2, p/n ~ 2/1)

« High intensity: >10° /spill up to 10 GeV/c
p NS

A
1

%k Systematic c- and s-baryon spectroscopy: e
Dynamics of non-trivial QCD vacuum in baryon structure
 Diquark correlation

* ud diquark: A /X,
 us/ds diquark: = 4
* Only axial-vector diquark: Q

 Origin of spin-dependent forces

« Excited state data of AJ/Z., E, Q systems

Charmed baryon
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Tentative schedule The EXxiension ijeet

2025 | 2026 | 2027 @OZS 2029 | 2030 | 2031 | 2032 | 2033 | ({2034 | 2035~ | 2036~
Primary .
120 test

I 720 Phase 1

beam
o w20 moiction (20 Prase 269
oN
viam p
A, Hall
Extension
2/Q (No beam)
Other Pilot runs/ new experiments

ower of 100kW
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Summary

 How quarks build hadrons ?
 Disentangle QCD properties behind hadron formation
« Understanding of dynamics of non-trivial QCD vacuum in baryon structure
* Investigation of diquark correlation and origin of spin-dependent forces
 Systematic study of heavier flavor baryons: AJZ, B, Q

 Spectroscopy experiment of heavier flavor baryons
 Systematic spectroscopy experiments of A /X, E, Q baryons
« High-intensity & High-momentum hadron beam: 720 and K10
« 120 beam line construction with staging
« Construction of multi-purpose spectrometer: MARQ

#*J-PARC hadron experimental facility promotes various hadron experiments.



	スライド 1: Spectroscopy experiment of  charmed and multi-strange baryons  using hadron beam at the J-PARC hadron facility
	スライド 2: J-PARC & Hadron Experimental Facility
	スライド 3: High-p beam line for 2ndary beam: p20
	スライド 4: High-p beam line for 2ndary beam: p20
	スライド 5: Investigation of baryon internal structure
	スライド 6: Charmed baryon spectroscopy: J-PARC E50
	スライド 7: Production rates by hadronic reaction
	スライド 8: Production rates by hadronic reaction
	スライド 9: MARQ spectrometer at p20
	スライド 10: MARQ spectrometer at p20
	スライド 11: Hadron experiments at p20
	スライド 12: Heavy flavors for revealing diquark correlation
	スライド 13: W baryon spectroscopy: J-PARC P85
	スライド 14: Roper-like resonances: 2S state
	スライド 15: Roper-like resonances: 2S state
	スライド 16: Expected mass spectrum: K- p → W*- K*0 K+
	スライド 17: Hadron Experimental Facility extension (HEF-ex) Project
	スライド 18: Baryon spectroscopy at J-PARC
	スライド 19: Tentative schedule
	スライド 20: Summary

