
HHaS：Light-Hadron Physics  
& 

baryon study
Jia-jun Wu （UCAS）

近代物理研究所（惠州） 2025.11.09



Outline

• Background

• p beam

• K beam for 𝚵 baryon

• Summary



Background

Hadron spectroscopy
Hadron internal structure

Quark/Gluon

Hadron States：
Traditional state，
Exotic

QCD，non-perturbative

From Prof. Bing-Song Zou



Background

Hadron spectroscopy
Hadron internal structure

Quark/Gluon

Hadron States：
Traditional state

Quark Model



Background

Hadron spectroscopy
Hadron internal structure

Quark/Gluon

Hadron States：
Traditional state，
Exotic

non-perturbative

Exotic

Quark Model ??



Background

Hadron spectroscopy
Hadron internal structure

Quark/Gluon

Hadron States：
Traditional state，
Exotic

non-perturbative

Exotic

Quark Model ??

UNQUENCHED quark model 



Background

Hadron spectroscopy
Hadron internal structure

Quark/Gluon

Hadron States：
Traditional state，
Exotic

Quark Model

Hadronic level

UNQUENCHED quark model 

Experimental data input！！！
Decay and Scattering

Need hadron beam！！！

Proton beam and K beam



• The proton beam luminosity on the B-Ring is 

1.8×10¹² pps (fast extraction, FE) and 

4.5×10¹¹ pps (slow extraction, SE), with a 

maximum energy of 9.3 GeV. 

• The center-of-mass energy for pp collisions is 

W = 4.3 GeV, which is sufficient to produce 

baryonic excitation states below 3 GeV. This is 

highly significant for studying the energy 

spectrum of light hadrons.

Background



Physics for Proton Beam

• Double-baryon Deuteron, d*(2380)
  1.  𝑝𝑝 → 𝑋𝜋𝜋, 𝑋 has a baryon number of two
  2.  𝑝𝑝 → 𝐷30𝜋−𝜋− → 𝑝𝜋+𝑝𝜋+𝜋−𝜋−,search d*(2380) with 𝐼 = 𝐼𝑧 = 3
  3. 𝑝d → dΛ𝐾, Hyper deuteron

• Excited Baryon！ 𝑁∗，Δ∗ and Σ∗

  1.Isospin filter，𝑝𝑝 → 𝑛Σ+𝐾+, Σ+𝐾+only for Δ∗

  2.Joint analysis of various process, rescattering effect for

                               𝑝𝑝 → 𝑝𝑝𝜂, 𝑝Σ𝐾, 𝑝Λ𝐾
  3.Search for pentaquark states, 𝑃𝑠 state.

J.J.Xie & B.S.Zou,  PLB649 (2007) 405

Q.F. Lyu, D.M. Li, CPC 39(2015) 113104

J.M.Richard, Q. Wang and Q.Zhao, PRC 91(2015)014003

Nuclear Science and Techniques



• Excited Baryon ---  𝚫∗

J.J.Xie & B.S.Zou,  PLB649 (2007) 405

Isospin filter, 𝑝𝑝 → 𝑛𝛥∗ → 𝑛(𝑝𝜋+/Σ+𝐾+), only for 𝛥∗

*** More/Less

𝚫∗,    12/10

Xiao-Yun Wang, Xu Cao, Ju-Jun Xie, Xu-Rong Chen, PRC 92 (2015) 015202

Ju-Jun Xie, En Wang, Bing-Song Zou, PRC 90 (2014) 2, 025207

Physics for Proton Beam
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𝑝𝑝 → 𝑛Σ∗+𝐾+S. Klein, et al. 

PRD 1, 3019 (1970)

HADES Collaboration, 

PRC 85, 035203 (2012)
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Q.F. Lyu, D.M. Li, CPC 39(2015) 113104 𝑝𝑝 → 𝑝𝑝𝜂
Zhen Ouyang, Ju-Jun Xie, Bing-Song Zou, Hu-Shan Xu, Nucl.Phys.A 821 (2009) 220-234

𝑝𝑝 → 𝑛𝛥∗ → 𝑛(𝑝𝜋+/Σ+𝐾+)

• Excited Baryon ---  𝑵∗

Coupled channel effect ??

Σ𝐾 and Λ𝐾

Physics for Proton Beam
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𝐾Σ 1190 ~ 1685 MeV
𝐾Σ∗ 1385 ~ 1880 MeV
𝐾∗Σ 1190 ~ 2082 MeV
𝐾∗Σ∗ 1385 ~ 2277 MeV

Shu-Ming Wu, Fei Wang, Bing-Song Zou, PRC 108 (2023) 4, 045201

𝑵∗(𝟐𝟎𝟖𝟎) and 𝑵∗(𝟐𝟐𝟕𝟎) instead of 

Previous 𝑵∗(𝟐𝟎𝟎𝟎,
𝟓

𝟐

+
) and 𝑵∗(𝟐𝟑𝟎𝟎,

𝟏

𝟐

+
) 

in the analysis of 𝜸𝒑 → 𝒑𝝓
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Nucl.Sci.Tech. 36 (2025) 4, 55

Ju-Jun Xie, Bing-Song Zou, Huan-Ching Chiang, 

PRC77 (2008) 015206

𝑝𝑝 → 𝑝𝑝𝜙 ???
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Bing-Song Zou, Ju-Jun Xie, 

Nucl.Phys.A 834 (2010) 544C
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• Double-baryon ---  d*(2380)

1.  𝑝𝑝 → 𝑋𝜋𝜋, 𝑋 has a baryon number of two
2.  𝑝𝑝 → 𝐷30𝜋−𝜋− → 𝑝𝜋+𝑝𝜋+𝜋−𝜋−,search d*(2380) with 𝐼 = 𝐼𝑧 = 3

H. Clement, Prog.Part.Nucl.Phys. 93 (2017) 195

WASA-at-COSY, PRL 112, 202301 (2014)

……

Physics for Proton Beam



• Double-baryon ---  d*(2380) Hyper deute

J-PARC E15 Collaboration, Phys.Rev.C 102 (2020) 4, 044002

H. Clement, Prog.Part.Nucl.Phys. 93 (2017) 195

WASA-at-COSY, PRL 112, 202301 (2014)

……

1.  𝑝𝑝 → 𝑋𝜋𝜋, 𝑋 has a baryon number of two
2.  𝑝𝑝 → 𝐷30𝜋−𝜋− → 𝑝𝜋+𝑝𝜋+𝜋−𝜋−,search d*(2380) with 𝐼 = 𝐼𝑧 = 3
3. 𝑝d → dΛ𝐾, Hyper deuteron         

Physics for Proton Beam



Physics for K Beam

*** & More/Less，𝑵∗,21/7，𝚫∗,12/10，𝚲∗,14/9，𝚺∗,9/17, 𝚵∗,6/5,  𝛀∗,3/2



Physics for K Beam

*** & More/Less，𝑵∗,21/7，𝚫∗,12/10，𝚲∗,14/9，𝚺∗,9/17, 𝚵∗,6/5,  𝛀∗,3/2



𝑲−𝒑 → 𝑲+𝚵−

[1]D.A.Sharov, V.L.Korotkikh and D.E.Lanskoy, EPJA47(2011)109

[2]R.Shyam, O.Scholten and A.W.Thomas , PRC84(2011)042201 

[3]B.C.Jackson, Y.Oh, H.Haberzettl and K.Nakayama, PRC91(2015)065208

邹老师的一个博士生正在研究



𝑲−𝒑 → 𝑲+𝚵−

[1]D.A.Sharov, V.L.Korotkikh and D.E.Lanskoy, EPJA47(2011)109

[2]R.Shyam, O.Scholten and A.W.Thomas , PRC84(2011)042201 

[3]B.C.Jackson, Y.Oh, H.Haberzettl and K.Nakayama, PRC91(2015)065208

To test a new molecule state of ഥ𝑲∗𝑵:  𝚲∗ 𝟏𝟖𝟎𝟎 with 3/2-,  
which is the partner of 𝚲∗(𝟏𝟒𝟎𝟓) as molecule of ഥ𝑲𝑵



𝑲−𝒑 → 𝑲+𝚵−(2030) → 𝑲+𝑲−𝚲

Predict the angular 
distributions of 𝚵−(2030) 
with different spin and 
parity assumption



𝑲−𝒑 → 𝑲+𝚵−(2030) → 𝑲+𝑲−𝚲

Predict the angular distributions 
of 𝚵−(2030) with different spin 
and parity assumption

𝑲+

𝑲−

𝚲

𝚵−(2030) 

𝚲

𝑲−

𝒑

𝜃1
∗, 𝜙1

∗
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Summary and Outlook

• Understanding non-perturbative QCD and confinement currently relies 

on phenomenological approaches to summarize patterns, while further 

theoretical insights require extensive precise experimental data.

• High-luminosity proton beams and Kaon beams enable the discovery and 

confirmation of numerous hadronic resonance states. 

• We anticipate rich hadronic physics experiments at the HHaS



Thanks
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