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Confined States of Quarks and Gluons
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Can we observe explicit 
gluonic degrees of freedom 
in nature’s bound states?



LQCD Full Spectrum
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GlueX goal: look for hybrid patterns incl. exoticsexotics



• The path to exotics is quite complex

• Data processing (petabytes)

• Roadmap includes:

1.Beam Asymmetries

2.Detector Acceptance

3.Extraction of SDMEs 

4.Cross Sections

5.Partial waves
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Roadmap to Exotics



Jefferson Lab
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Newport News

Upgraded: 12 GeV 
4th Hall: GlueX
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The GlueX Experiment
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GlueX-II
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The GlueX Experiment

7

e-
γ

GlueX-II

6-12 GeVEγ =



8

The Photon Beam
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The Photon Beam
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The Photon Beam

P∥@0∘, P⊥@90∘
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Reaction Mechanism

•Photon beam polarization filters the “naturality” of the exchange particle 
•Reaction mechanism knowledge needed for PWA 
•Beam Asymmetry, Σ: “low-hanging fruit”; detector acceptance cancels

→linear 
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Phys. Rev. C95, 042201(R) (2017) 

Direct-Fit Method

Y⊥ − FRY∥

Y⊥ + FRY∥
=

(P⊥ + P∥)Σcos(2(ϕ − ϕ0))
2 − (P⊥ + P∥)Σcos(2(ϕ − ϕ0))

pure sample of events, fit cos(2  distributionΔϕ)

p

Beam Asymmetry, Σ
⃗γp → p(π0, η, η′ )

Pol. Plane
Decay Plane

Phys. Rev. C100, 052201(R) (2019)

 polarization values 0o/90o, -45o/45o,  - flux ratioP⊥,∥ FR
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⃗γp → Δ++π−

Phys. Rev. C 103, L022201 (2021) 

Moment-Yield Method
project the cos(2  component, then isolate 
the ︎Δ++ contribution by its known line shape

Δϕ)

Pol. Plane
Decay Plane⃗γp → Δ+η

Σ =
Y⊥

2 − Y∥
2

P∥

2 (Y⊥
0 + Y⊥

4 ) + P⊥

2 (Y∥
0 + Y∥

4 )
 yields from moment-weighted cos(n ) histos, n=0,2,4..Y⊥,∥

n ϕ

20% GlueX-I



Projected ΔΣ

pη

polarization systematic

Phys. Rev. C95, 042201(R) (2017) 
Phys. Rev. C100, 052201(R) (2019)

Reaction is dominantly natural, Ση ≈ 1
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Projected error comparable to  channelpη

2%
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Omega Photon 
Nucl. Phys. B 243, 1-28 (1984) 

SLAC-H 
Phys. Rev. D 37, 2379 (1988) 
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Invariant mass

•30% of GlueX-I

b1(1235)

■Mωπ

■M4π

 GeV/c2Mπ+π−π0π0

γp → p(ω)π0 → p(π+π−π0)π0
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Cross Sections: ωπ

•GlueX-I: 3 data-taking periods (2017-2018) 

•this talk: preliminary total cross sections 
•coming soon: differential cross sections
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Total Cross Section: ωπ

Errors: Statistical (50% GlueX-I) ⊕ Systematics-Periods ( 10%)∼
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Total Cross Section: ωπ

Errors: statistical (50% GlueX-I) ⊕ Systematics-Periods ( 10%)∼



Summary & Outlook
• Gluonic-field excitation  complete spectrum of mesons.  

• LQCD predicts hybrid multiplets; GlueX aims to map them. 

• Channels: [baryon= ][meson= ]…  
✓ Early physics publications: beam asymmetries. 
• Coming soon: SDMEs, cross sections…  PWA. 

•GlueX-II: DIRC upgrade for improved K/π separation  
•Other physics: Primakoff, pion polarizability, SRC, JEF, KLF.

→

⃗γp → p, Δ, Σ π, K, η, η′ , ϕ

→
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http://gluex.org/thanks

http://gluex.org

