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Outline

= Goal: origin and evolution of matter — diquark correlations in baryons
= The tool: high-momentum, high-intensity secondary meson beams

= Physics programs: charmed baryons (E50), = baryons (E97)

= First beam test T106 and the upgrade plan

= Muon beam: production, performance, and muon radiography

= Summary
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Exploration of “Origin and Evolution of Matter”
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= How quarks build up hadrons and matter
»>~98 % of the baryon mass is generated dynamically, not form quark masses
> A footprint of non-perturbative QCD in hadron structure

=3Systematic study with intense hadron beams at J-PARC

18th International Workshop on Meson Physics, KRAKOW, @
POLAND, 25th - 30th June 2026 6/26/2026



Strategy: Diquark Correlations

= Key question: do two quarks pair up inside a baryon?
— “diquark correlation”

»a footprint of non-perturbative QCD in hadron structure

= Strategy: compare baryons across quark flavors
»E50: charmed baryons — u-d diquark (120 beamline)
»E97: = baryons — u-s / d-s diquarks (1120 beamline)
»E86: Q) baryons — s-s diquark (K10 beamline)
— E50 & E97 need intense, high-momentum meson beams
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The J-PARC High-p Beamline

= J-PARC: high-intensity proton accelerator complex
»Main Ring — primary protons to the Hadron Experimental Facility
>»high-p beamline: primary protons at 30 GeV

= This work: add a secondary-beam mode (1t120) — wider physics reach
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Why a Secondary Beam?

= Directory produce the target baryons

= Secondary beam = particles made from the primary beam

>T1, K, pbar up to 20 GeV/c

»design intensity: >107/spill (t#, p), >105/spill (K™,

pbar); Ap/p ~ 0.1%

= Opens new hadron physics — meson & antiproton beams

»>main goal: systematic baryon spectroscopy

»>measure excited baryons — how quarks bind inside hadrons
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Charmed Baryons (E50)

= Measurement
»beam: 20-GeV/c 1t ; reaction 1™ + p — D*™ + charmed baryon
>Mmissing-mass spectroscopy: tag the baryon from beam + scattered particle

= Physics goal
>map the excited states of charmed baryons
»probe A and p excitation modes (collective vs diquark motion)
>test diquark correlations — heavy charm makes pairing easier to see
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= Baryons (E97)

= Measurement

»beam: 5-8 GeV/c K™ ;reaction K"+ p - K*+=* /K™ + p — K*0 + =*0 (missing mass)

= Physics goal

>=: two strange quarks; excited states still poorly known
>with charmed baryons — systematic set across quark flavors
»same physics (diquark, spin-dependent forces) in different sectors
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First Test: T106 (Jan 2025)

= First test of the secondary-beam mode (Jan 2025)
»goal: show secondaries can be produced and transported

= Setup
»positive secondaries (1t*, K*, p)
»>produced at the Lambertson magnet in the branching section
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T106: Making the Secondary Beam

= Production — at the branching section of the 30-GeV/c primary line
»secondary particles (1, K, p) made at the Lambertson magnet
»>the magnet splits them from the primary beam

= Transport — down the high-p beamline
»beamline magnets tune the momentum and the particle type
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T106: Proof of Principle

= Result: secondary beam delivered — for the first time
»hadron beam: ~0.2 / 0.6 / 1.4 M per spill (3/5 /10 GeV/c)
»Particle ratio(r:p): 0.66:0.34 / 0.60:0.40 / 0.39:0.61(3 /5 / 10 GeV/c)

= Proof of principle for the secondary-beam mode
»foundation for the next, more detailed tests
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Muon Beam: Production & Performance

= Production: m — p + v decay in flight (~7 m decay section)
»downstream magnets set to ~60-85% of the Tt momentum

>remaining 1t are swept away — only y are transported
Data plot

100

= Performance (measured in T106)
>purity: ~98% (60% setting)
>intensity: ~1-2 k p per spill
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Muon Radiography

= Muography: imaging inside large, dense objects (X-ray on a huge scale)
>U penetrate thick material — a natural probe for imaging

= High-p p beam — develop the technique; link to applied fields

Scatterer thickness: 50 cm each
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Muography Feasibility: Simulation

= Simulated imaging of steel bars inside a concrete block
»reconstruct the radiation length X,(X, z) from p scattering angles

= Result: the bars are clearly visible in the reconstructed image
»>Xo = 1.8 cm (Fe) vs = 11.6 cm (concrete) — strong contrast
— Muography at high-p is feasible
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Next step

= T112 — Performance Evaluation of Negatively Charged Secondary Particles

> Transport negative secondaries (11", K-, pbar)
v'same source: Lambertson magnet, branching section
»>Measure beamline performance for negative beams
v’ Beam profile, intensity, particle composition (1t : K : pbar)
— which experiments are feasible

= T113 — Demonstration of Muography
»>Demonstrate muon radiography with the multi-GeV p beam

»First hands-on test of the imaging application at high-p
v'a step toward interdisciplinary use of the beamline
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Beamline Upgrade Plan: Phase 1 — 3

= Phase 1 (now): secondaries from
Lambertson beam loss

_ _ Layout in A-B branching point
»Several 10%/spill 1, ~103/spill p

Current
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= Upgrades — higher intensity
»Phase 1.5: movable 1-kW target
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Summary and Prospects

= Secondary-beam mode at the J-PARC high-p beamline
>T1, K, pbar up to 20 GeV/c, plus multi-GeV p

= Opens new physics & applications
»charmed baryons (E50), = baryons (E97)

>muon radiography

= Status
»>T106 (2025): proof of principle (positive) — done
»>T112 / T113 (Nov 2026): negative beams, muon radiography — next

= Goal: a versatile beamline for hadron physics and beyond
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J-PARC & Hadron Experimental Facility D™
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Charmed baryon spectroscopy: J-PARC E50

= “Excitation mode”: ). and p modes reflected by Diquark correlation
»Dynamical information: Production rates and absolute decay branching ratios
v p — D~ Y. " reaction @ 20 GeV/c
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Expected mass spectrum: = p — D™~ Y™

= Production rates = )\/p mode assignment
»Production rate of LS doublet = L : L+1

»Angular distribution (f-dependence: do/dt) contains structure information.

»Decay measurements: Branching ratio (I') and decay angles (JF)
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Studies of = baryons : J-PARC E97

= baryon: us/ds diquark correlation

>Ex0|tat|on energy: p mode <A mode

»>Strength of us/ds correlation: LS splitting
v'Production rate of LS partner (L=1) = 1:2 (L:L+1 relation)

Weekly correlated us/ds Strongly correlated us/ds
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