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Outline

• Introduction: Antiproton for Hadron Physics 

• Physics Reach, Antiproton Facilities, Statistical Reach 

• |S| scan of symmetric Hyperon-Antihyperon production: pp → YY



JPC like p̅p

Why Antiproton? A Unique Probe
• Formation of any JPC 

• p̄p annihilation forms resonances of 
“any” JPC. Fix √s by tuning beam 
momentum and scan a resonance 
directly, with none of the missing-mass 
ambiguity of production experiments. 

• A glue-rich process 

• Each annihilation dumps ~2 GeV into a 
flavour-singlet, gluon-rich final state — 
one of the most efficient known 
mechanisms for populating glueballs 
and hybrids.



Charmonium(-like) Spectroscopy

“Mainstream” QCD physics, which LHCb, Belle, P̅ANDA and Lattice QCD are chasing

glueballs and exotics



p̅p reactions
Physics Reach

JPC like p̅p



Why now? Why J-PARC?  -Antiproton Facilities-

LEAR, CERN 
1983-1996 
0.1 - 2 GeV/c

Dawn Era

Now (2026)

CERN PS, Sp̅pS, BNS AGS, …

AD/ELENA, 
CERN 
1998- 

-0.1 GeV/c, 
fast-ex

~30 years hiatus

Pioneering Era

Near Future

Future

shift to “atomic” experiments

revival in Hadron Physics

60’s-70’s

’82-‘96

J-PARC-HEF 

J-PARC-HEFex (π20) 

PANDA, J-PARC 
HEFex (K10)



Statistical Reach p̅, Ideally coupled with a storage ring



Statistical Reach p̅, Ideally coupled with a storage ring

- To be the first to measure 
- High Intensity



Statistical Reach p̅, Ideally coupled with a storage ring

Vast unexplored and 
Interesting Area 

Discovery Potential

- To be the first to measure 
- High Intensity



p ̅beam parameter comparison

p̅ momentum 
range

corresponding 
√s (p̅+p 

reaction)

momentum 
precision intensity Available 

from

FAIR

P̅ANDA High 
Luminosity Mode 1.5-15 GeV/c 2.3-5.3 GeV 1x10–4 < 20 MHz*

20?? Precision 
study

P̅ANDA High 
Resolution Mode 1.5-15 GeV/c 2.3-5.3 GeV 5x10–5 < 2 MHz*

J-
PARC

K1.8(BR) -2 GeV/c ~2.5 GeV 2M/spill 
(90%)@1.8GeV/c ✓

Discoveryπ20@J-PARC ~2-20 GeV/c 2.5-6.4 GeV 1x10–3 7M/spill @7GeV/c 202?

K10@J-PARC ~2-10 GeV/c 2.5-4.3 GeV 2x10–3 6.5M/spill 
@7GeV/c 203?

* Interaction rate

• π20 
• unseparated beam, dominated by π, can limit the overall beam intensity 
• MPD: Multi Purpose/Physics Detector/Data-taking 

• K10 
• separated beam, potentially higher intensity



 |s| scanp̄p → ȲY
Symmetric Hyperon-Antihyperon production

Λ̅ 
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Quark-Gluon Picture

Meson-Exchange Picture

Total inelastic  ~50 mb LEAR
n.a.

strong t-channel tensor 
interaction to spin-flip

s-channel interaction of 
q̅q turning to s̅s.

Quark-Gluon Picture

Meson-Exchange Picture

• p̅p→Ξ̅0Ξ0(uss) 

• π0 in the final state

• p̅p→Ξ̅+Ξ– (dss) 

• ~1µb (bubble chamber data)


• Ξ–→Λπ–(100%)


• comparison to p̅p→Λ̅Λ:  I0, OZI rule

• p̅p→Ω̅Ω 

• ~50 nb? 

• vs p̅p→φφφ

S=–1 S=–2 S=–3
LEAR not accessible

only bubble chamber data



Additional Motivations

• Near-threshold systematics may give more than cross sections. The energy 
dependence and the Y̅Y invariant-mass distribution carry the Y̅Y scattering 
length, and s–t crossing turns this into a constraint on the pY interaction. 

• HAL QCD predicts a shallow (~1.6 MeV) bound state in ΩΩ (1S0) and a 
bound NΩ (5S2). ALICE femtoscopy tests this only indirectly, through final-
state interactions. An independent method is decisively missing. 

• The hyperon puzzle in neutron stars. For |S|≥2, the scarcity of ΞN and ΩN 
data remains one of the largest uncertainties in the equation of state of 
dense matter. (c.f. gravitational-wave) 

•  bound states. The near-threshold behaviour seen by PS185 has never 
been settled. A |S| scan revisits it with modern statistics.
ΛΛ



Phys. Rev. Lett. 126, 092002 (2021)
 at BESIIIe+e− → YY

• .  

•    

• Fit Joint angular distribution 、  , Helicity 

amplitudes and  decay parameter.  

• Model-independent determination of Ω⁻ spin=3/2 (>14σ) 

• Almost no additional cost for going S=1 to 3 

•

e+ + e− → ψ(3686) → Ω−Ω̄+

4.48 × 108 ψ(3686)

Ω− → K−Λ Λ → pπ−

Ω− → K−Λ

Γ(ψ → ΩΩ)/Γ(ψ → ΛΛ) ∼ 0.5



“Self-Analysing” Quirk of Hyperon

• Hyperon decays with a parity-violating weak interaction 
In the Λ → pπ⁻ decay, proton emission direction asymmetric to Λ spin 
direction 

• decay angular distribution:  

: decay asym. parameter, P: polarisation, : daughter particle direc. 

• hyperon becomes a polarimeter (Self-analysing) 

• Unique feature unlike other hadrons. Parity is conserved in 
resonances that decay with strong-int. (e.g. Δ) 

• Spin-dissolved reaction mechanism

dN
dΩ ∝ 1 + αΛ ⃗P Λ ⋅ ̂np

α ̂n



Accessing Full Spin Obs. via p̄p → ȲY

Erik Thomé, Thesis (Uppsala-U 2012)
Conventional Naming Scheme

K.D. Paschke et al. Phys. Rev. C 74 (2006) 015206

For two to three decades it 
has been theory's turn to 
catch up with experiment — 
for Λ̅Λ. Experiment should 
now move on to |S|=2,3



Same final states, different production process
  vs  e+e− → YY pp → YY

• It’s not “photon vs gluon”, ψ → Y̅Y involves also 3 gluons. 

• The difference is 3S1 (gluon) vs 3P0 (vacuum) vs meson-exchange 

• What’s behind the huge difference in suppression factor in |S| scan? 

•  

•  

• Does each additional ss̅ pair cost the same?   

• “Measured”: R(1→2)=0.024±0.005, and it looks flat over a factor 10 in excess energy 

• Unknown: R(2→3)

• constant → independent pair creation · larger → glue-rich, shared gluon field · smaller → 
meson exchange, extra K, larger ∣t∣ 

• One caveat: Λ and Ξ are octet, spin-1/2, but Ω is decuplet, spin-3/2. The last rung changes 
multiplet as well as strangeness. The clean alternatives are the octet ladder n→Λ→Ξ, and the 
decuplet ladder , whose mass spacing is uniform.  sits just below 

 in threshold and is only two pions away from  in the final state — we should measure it. 
Both data should be simultaneously collected.

Γ(ψ → ΩΩ)/Γ(ψ → ΛΛ) ∼ 0.5

σ(pp → ΩΩ)/σ(pp → ΛΛ) ∼ (1/40)2

R ≡ σ( |S | )/σ( |S | − 1)

Δ → Σ∗ → Ξ∗ → Ω p̄p → Ξ̄∗Ξ∗

Ω̄Ω Ξ̄Ξ



pp → ΛΛ/ΞΞ
• Λ = ud_{S=0}s. Λ spin is that of s quark. Λ̅̅Λ 

spin state is a reflection of the ss̅ spin 
state. 

• Singlet Fraction SF: the fraction of Λ̅̅Λ 
pairs which are produced in a spin-
singlet state 

• PS185 shows “often-accepted empirical 
rule, SF=0” is “broken” at back angles. 

•  

• rise of p-wave contribution 

• Ξ (ss_{S=1}), Ω (S=3/2). Relation to s-
quark spin is not as trivial as Λ case. 
Unexplored and interesting. 

• R(ε) ~ flat?

SF = 1
4 (1 − Q[nΛ, nΛ̄] + mΛ, mΛ̄ + lΛ, lΛ̄) = |b − c |2

4I0

K.D. Paschke et al. Phys. Rev. C 74 (2006) 015206



Full decay chain of  pp → ΩΩ
Measurement

• 5 helicity angles -> Joint angular distribution -> Simultaneous fit

pp



Spin 3/2 case

• Production: 2 → 4 complex form factors. Four independent helicity amplitudes 
survive: |λ1 −λ2|≤1 (10) → parity (5) → particle–antiparticle exchange (4). 

• Spin state: 4x4 = 16 = 1 + 3 + 5 + 7. Rank 2 (quadrupole / alignment) and rank 3 
(octupole) exist only for spin 3/2.Decay Ω−→ΛK, K^-Ω−→ΛK−:L=1 (P, parity 
conserving) or L=2 (D, parity violating). Two parameters:αΩ (interference) and ϕΩ 
(which partial wave wins). 

• BESIII:ϕΩ=4.29±0.45±0.23 →  →D-wave dominant, 
opposite to pole-model expectations.

|AD |2 / |AP |2 = 2.4 ± 2.0



pp → ΩΩ

• Identical final states as the BESIII Phys. 
Rev. Lett. 126, 092002 (2021) 

• 4000 events (!) 

• much larger background 

• π/K separation by RICH is the key 

•  vs  

• Assuming the same R, 1-month full π20/
MARQ can reach  

• δR(ΞΞ/ΛΛ)~0.4 % and δR(ΩΩ/ΞΞ)~1.3 %

σ(ΩΩ)/σ(ΞΞ) σ(ΞΞ)/σ(ΛΛ)



MARQ-RICH

• Dual radiator. Aerogel (n=1.05):π threshold 0.44,K threshold 1.54 GeV/c. Gas (R-1233zd):π threshold 2.69 GeV/c. 

• K from Ω→ΛK sits at 0.5–2.5 GeV/c → 96 % inside the aerogel acceptance; the gas radiator never fires on these 
kaons. 

• 88 % fall in the "π radiates,K does not" veto window →K identification reduces to not missing the π ring. 

• , and K+K− coincidence makes background scale as  . With  this requires 
 

• Light concentrator: hexagonal Winston cone, 24 → 12 mm,C=4⇔θmax=30° by étendue; θc(n=1.05)=17.8° → 

±12° of track-angle margin. 

• SiPM S13360-6050VE, 2×2 hybrid; photon counting needs −20…−30°C.

επ ≳ e−Npe ε2
π σ(Ω̄Ω)/σtot ∼ 3 × 10−6

Npe ≳ 12



Summary

• Antiproton-Physics for Hadron Studies, 

• glue-rich environment through annihilation. largely unexplored 
area. 

• J-PARC HEF is a unique facility capable of providing high-quality 
antiproton beams for hadron physics experiments and beyond. 

• Antiproton programme is re-gaining momentum lead by a J-PARC-
based community. 

• |S| scan of symmetric Hyperon-Antihyperon production:  is a 
very attractive programme. Falsifiable R measurement for QG vs MEX 
effective dof. question.

pp → YY



Backup



HAMP2026 (23-24 June 2025, Cracow)
https://indico.rcnp.osaka-u.ac.jp/event/2848/

https://indico.rcnp.osaka-u.ac.jp/event/2649/

https://indico.rcnp.osaka-u.ac.jp/event/2848/
https://indico.rcnp.osaka-u.ac.jp/event/2649/

