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Can we observe explicit 
gluonic degrees of freedom 

in nature’s bound states?
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symmetry groups

Determine quantum numbers 
and pole parameters via 

Amplitude Analysis 

Non-rel. quark model has 
allowed and  

non-allowed (exotic) QNs

JPC = 0+�, 1�+, 2+�
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GlueX goal: look for hybrid patterns incl. exoticsexotics

first steps
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JPC

Most searches have focused on the lightest hybrid π1(1600) with                                                1−+

Dudek et al.  
PRD 88 (2013) 094505 

HSC
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Where are the Exotic hybrids?
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(older experiments)

•Low statistics, acceptance leakage, no. of 
wave sets, interpretation of line shapes and 
phases, controversial decay channels…
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Most searches have 
focused on the π1 state

Past: Two different candidates π1(1400)/π1(1600) that couple separately to ηπ and η’π.  
Not compatible with LQCD estimates for hybrid states, nor with most phenomenological models.
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A. Rodas et al. (JPAC) [PRL 122, 042002 (2019)] 

fits extracted intensities and phases with a coupled-channel  
amplitude to extract the pole positions of a2, a2’ and π1. 
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a2’(1700)

a2’(1700)

ηπ P-wave

η’π P-wave η’π D-wave

ηπ D-wave

pole
Couple to same pole  

at low mass.

single exotic π1 (1564) resonant pole which couples to both η/η’π channels  
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Photoproduction: Exotics
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•Can couple to all states in the lightest hybrid multiplet through t-channel 
exchange and photoproduction (via Vector Meson Dominance)  

•Photon beam polarization filters the “naturality” of the exchange particle 
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Photoproduction: Non-exotics
, η, η’ 

•Photon beam polarization filters the “naturality” of the exchange particle 

→linear 
polarization This talk
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The GlueX Experiment
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GlueX Collaboration

120 scientists, 27 Institutions



Jefferson Lab

!16

Newport News

Upgraded: 12 GeV 
4th Hall: GlueX 
Cost > $310M

CEBAF 
Newport News

Regina



The Experiment
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The Diamonds
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Excellent 
rocking 
curve 
widths

•50 μm diamond radiators 
•Bragg/Laue: “rock that curve” 
•At BMIT beam line

diamond 
scan
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arXiv:1703.07875



The Detector
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Data: 
to date: 3.8 Pb 
annually: 8 Pb
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hole

hole

Almost hermetic



The Barrel Calorimeter
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• 48 azimuthal sections (modules) 
• Reconstructs γ showers from π0 and η decays 
• Provides timing information (neutrals/charged) 
• With the CDC it provides charged particle PID

• Sampling calorimeter (9.5% sampling fraction)  
• 750,000 double-clad scintillating fibers 
• BCAL: 28 tonnes    

11.77 cm

8.51 cm

22.46 cm

BCAL end view

BCAL  top half cutaway
(a) (b)

(c) (d)

single module
end
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T.D. Beattie et al.,  
NIM A 896 (2018) 24–42 
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Tegan Beattie (Regina), Will McGinley (CMU)



Motivation: γp→pη
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H. Al Ghoul et al. (GlueX Collaboration),  
Phys. Rev. C95, 042201(R) (2017) 
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Invariant Masses

η'

η

η

η
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 Photon 
Direction

    Photon 
Polarization

 Meson 
Direction

Recoil 
Baryon

φ−φlin
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η,η’ Beam Asymmetries

/ρ → π+π−



η,η’ Asymmetry Method
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Theory: Beam Asymmetry Ratio

V. Mathieu et al. (JPAC),  
Physics Letters B774, 362 (2017) 
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GlueX: Beam Asymmetry Ratio

V. Mathieu et al. (JPAC),  
Physics Letters B774, 362 (2017) 

• Statistical errors only (limited by η’ statistical errors) 
• No statistically-significant deviations from unity are observed
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• GLUEX Results              
(2 citations) 

• threshold (11.8-8.2 GeV) 
production is clean; s-
channel photoproduction 
probes 5-quark 
interaction! 

• probes gluon 
distributions in the 
proton and trace 
anomaly term [Kharzeev 
et al., NPA 661, 568 
(1999)] 

• Don’t see LHCb pentas!
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GlueX talks at MENU 2019

Future 
Facilities

Hadron 
Spectroscopy

Meson- 
Nucleon

Plenary



Summary & Outlook

‣ Gluonic-field excitation leads to a complete spectrum of mesons.  

‣ LQCD predicts hybrid multiplets; GlueX will map them out. 

✓Reaction channels: γp→(ρ,ω,φ)p, γp→(π0,η,η΄)p, etc.  
✓Early physics analyses: beam asymmetries of η, η’ mesons 
•Next: other asymmetries, SDMEs, cross sections, PWA 
•Future:  

•Primakoff program for η decay width and π± polarizability 
•DIRC Detector upgrade for improved K/π separation fall 2019 
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Thank you!
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Old Data: γp→pη,pη’
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π0 and η Beam Asymmetries
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Yk / A(�)(1� P�⌃cos(2(�� �

lin
� ))

needs updating



Future GlueX with Strangeness
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DIRC 
(fall 2019)
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