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QCD
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Origin of Hadronic Mass
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Light and Heavy Hadrons
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Low and High Q2 Regimes



Wigner function: 
full phase space parton

distribution of the nucleon

Images of the nucleon

Transverse 
Momentum 
Distributions 

(TMDs)

Parton Distribution
Functions (PDFs)
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Interpreting results from one point of view
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Why spectra matter…
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Resonance Hunting... 

Mostly done with pN scattering

Missing resonances may decay through other channels

Total Cross-sections
+ differential cross-sections
+ Partial Wave Analysis + ...
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But... 

Quark Model N* Resonances

Lattice QCD

Quark Model D* Resonances



Pseudoscalar Meson Photoproduction
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very high 

momentum

transfer (pQCD)
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Other facilities…
• ELPH (Tohoku, Japan)

• ELSA (Bonn, Germany)

• GRAAL (Grenoble, France)

• LEPS (SPRing-8, Japan)

• MAMI (Mainz, Germany)

• +…



17

Data Accumulation

Hey and Kelly 

Review
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Channel: γ + 𝑝 → 𝜋+ + 𝑛;Cross-section

M. Dugger et al. (CLAS), Phys. Rev. C 79, 065206, 2009



Pseudoscalar Meson Photoproduction
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In praise of polarisation...
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…you’ll see more!
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Channel: Ԧ𝛾 + Ԧ𝑝 → 𝜋+ + 𝑛;Observable: E

S. Strauch et al. (CLAS), http://arxiv.org/abs/1503.05163 , Phys. 
Lett. B 750, 53 (2015) .

http://arxiv.org/abs/1503.05163
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Baryon resonances and chemical potential
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“Real” Meson States
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“Real” 
Meson 
States
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Lattice Calculations of Light Meson Spectrum



COMPASS results
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Pole position(s) of the lightest hybrid meson(s)?

JPAC Collaboration: A. Rodas, et al, Phys. Rev. Lett. 122, 042002 (2019)



32

• extracted single exotic p1 resonant pole

• mass and width 1564 +- 24 +- 86 MeV and 492 +- 54 +- 102 MeV

• couples to both h(')p channels

• no evidence for a second exotic state.

Pole position(s) of the lightest hybrid meson(s)?



33

Title
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https://arxiv.org/abs/1905.10811
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So what?
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Pseudoscalar Meson Photoproduction
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ŷ

x̂



L

. .c m

K+

ẑ
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Kaon Photoproduction (@CLAS)
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MCMC Parameter Estimate of a-
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𝑲𝒍𝒐𝒏𝒈Facility



Electron-Ion Collider



EIC: Current UK involvement / interest

Plus interest from other groups (Cambridge, Manchester, QMUL)…



Summary
1. Light Baryon Spectrum

• Progress, but not complete

2. Exotic Mesons
• Focus of JLab campaigns (GlueX,CLAS12)

3. L Weak Decay Parameter
• Updated value

4. Outlook
• Exploitation and new facilities

• Updated value



53


