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Theory

Allowed  quantum numbersJPC

J = 0,1,2,...Total angular momentum

Parity P = (−1)L+1

Charge Conjugation C = (−1)L+S

 is the relative orbital angular 
momentum of the  and  
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Forbidden  quantum numbersJPC

0−− 0+− 1−+ 2+−

Discovering forbidden 
quantum numbers would be 

immediate evidence of a non-
 state (i.e. new QCD states)qq̄

The goal of GlueX is to map the spectrum of light hybrid mesons 
and potentially find evidence of these new QCD states
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Lattice QCD 

Lightest Hybrid Mesons

What predictions show the best exotic quantum number hybrid  ? 

Dudek,Edwards,Guo, and Thomas,PRD88,094505(2013)


Negative Parity Positive Parity Exotic
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Past Experiments 

Lattice QCD predicts “gluonic 
excitations”, confirming mesons 
that are not in constituent quark 
model known as exotic mesons

Phys. Rev. D83, 111502 (2011)


EXOTICS
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Past Experiments Multiple experiments have 
looked for resonances in the  

P-wave:
E852, Crystal Barrel, CLEO, etc.       
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Combined analysis for both 
  and πη πη′ 

In the P-wave, only a 
single pole: π1(1600)

π1

a2(1320)
a2′ (1700)

A. Rodas et al. [Joint Physics Analysis Center], PRL 122, 042002 (2019)
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Lattice QCD predicts “gluonic 
excitations”, confirming mesons 
that are not in constituent quark 
model known as exotic mesons

No information is provided about what 
production mechanism is the best, how 

often the particle is produced, which 
decay mode is more prominent, etc.  

Lattice QCD, although powerful, only 
provides limited information. 

EXOTIC
EXOTICS

Phys. Rev. D83, 111502 (2011)
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GlueX Description 

barrel
calorimeter

time-of
-flight

forward calorimeter 

photon beam

electron
beamelectron

beam

superconducting
magnet 

target

tagger magnet

tagger to detector distance
is not to scale

diamond
wafer

GlueX

central drift
chamber

forward drift
chambers

start
counter

Diamond 

Wafer

Tagger 
(tagger to detector 

distance is not to scale)

Superconducting 
Magnet

Central Drift 
Chamber

Forward Drift 
Chamber

Target

Start

Counter

Barrel 

Calorimeter

Time-of-
Flight

Forward Calorimeter

Designed to 
reconstruct final state 

particles from 
 γp → pM

• Solenoid magnet operates at max 2  
magnetic field strength

T

The main goal of the GlueX experiment is 
understand the underlying nature of 

confinement within QCD by mapping the 
spectrum of light quark states  

With an emphasis on searching for 
 evidence of a non-  state (i.e. new QCD states)qq̄

9

Electron

Gluonic  
Excitation
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Final State Decays 
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γp → π0ηp

π0π+π−

γγ
γγ

γp → π0η′ p

ηπ+π−

γγ
γγ

BR(π0 → 2γ) = (98.823 ± 0.034) %

BR(η → π0π+π−) = (22.98 ± 0.2) %

BR(η′ → ηπ+π−) = (42.9 ± 0.7) %

→ 4γπ+π−

→ 4γπ+π−

SAME FINAL  
STATE
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Invariant Mass Spectrum
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Angular Distributions 

zGJ

γ

π0
p

η(′ )

ϑGJ

yGJ
xGJ

zGJ

p′ 

Gottfried-Jackson

 is taken as the direction of the 
incident photon

ZGJ

Gottfried-Jackson viewed in the 
center of mass of the  system π0η(′ 

)

 is the angle between the 
directions of  and the incident   

ϑGJ
η(′ 

) γ
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Angular Distributions 
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Polarized Amplitude Definition 

I(Ω, Φ) = 2κ∑
k

{(1 − Pγ) ∑
l,m

[l](−)
m;kℛℰ[Zm

l (Ω, Φ)]
2

+ (1 − Pγ) ∑
l,m

[l](+)
m;kℐℳ[Zm

l (Ω, Φ)]
2

+

(1 + Pγ) ∑
l,m

[l](+)
m;kℛℰ[Zm

l (Ω, Φ)]
2

(1 + Pγ) ∑
l,m

[l](−)
m;kℐℳ[Zm

l (Ω, Φ)]
2

}Described by 
  

( in  or  frame) 
Ω = θ, ϕ

GJ HX

Zm
l (Ω, Φ) = Ym

l (Ω)e(−iϕ)Fit  to the data  

•   
•  = reflectivity 

[l](±)
m;k

m =− l, . . . ,+ l
( ± )

 Joint Physics Analysis Center                              
        [V.Mathieu et.al., PRD100(2019) 5, 054017]

 Event based maximum likelihood fitting procedure 
                               (ability to acceptance correct)                   

 Divide in bins of mass to perform each fit 
                  (don’t require dependence on energy) 

 Described by 3 angles:     
                    
                      

cosθη(′ )

ϕη(′ )

Φ

 in the resonance 
         frame 
                                            btw the polarization 

and production plane 
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0.1 < − t < 0.3Mass Independent Fits

TMD Model , , , ,    
      

→ Lϵ
m = S±

0 D−
−1 D±

0 D±
1 D+

2

γp → 4γπ+π− γp → 4γ

Different final state 
particles, backgrounds, 

acceptances, etc. 

   still many similarities  
  btw decay modes

Partial Wave Analysis  
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• Continue Monte Carlo simulations to 
further understand detector acceptance 

and resonance regions

• Further collaborate with theory group to 
understand  

properties of both  systems η(′ 
) π0

Future Work

GlueX acknowledges the support of several 
funding agencies and computing facilities

gluex.org/thanks

Summary/ Future Work  

• Resonances can be seen for:  
,  as well for possible  

higher resonances
a0(980) a2(1320)

Summary

• First look at mass independent partial  
wave analysis γp → ηπ0p

• Comparison between different decay 
modes looks similar • Perform mass dependent partial wave 

analysis 

https://urldefense.proofpoint.com/v2/url?u=http-3A__gluex.org_thanks&d=DwMFAg&c=CJqEzB1piLOyyvZjb8YUQw&r=tazrxeWNSMXmTou67fbcwNE89TW7ENeVV0zS3oeCzZc&m=DOkyEjZCRlO-W1L3Dv1un7e2Y60WMIuHNp4UauJDEOg&s=WFp40z2CYCsDBef2CtzN1wzo30UUQk28HOV6cl2qc04&e=
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BACKUP SLIDES
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Baryonic Contributions 
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Baryonic Contributions 

γ p

p′ 

M → π0η(′ 
)

Center Of Mass

yCOM xCOM

zCOM

By looking in the center of mass frame, it 
becomes apparent that the baryon 

contributions will tend to go backwards in θπ0
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Studies still on-going, so only the removal of 
the  structure is shown going forwardΔ+

20

Not Acceptance Corrected
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tη(′ ) = − (pγ − pη(′ ))2

γ

p p

π0

η(′ 
)

sη(′ )π0

up

sπ0p

s

The exotic hybrid signature in  
systems would be observed as odd 

partial waves, which may be enhanced by 
other processes 

η(′ 
) π

π0

η(′ 
)

sπ0η(′ )

sη(′ )p

or

or

Understanding and modeling this type of 
exchange is crucial

  Closely working with 

Double Regge Analysis  
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p p
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Forward η Particles

Can study the upper vertex 
exchange through a beam 

asymmetry  

This observable is sensitive 
to the naturally of the 

exchange particle
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Beam asymmetries for different decays 
modes will behave the same!

γp → 4γπ+π−p

γp → 4γp

For the more complicated reaction, there 
seems to be something that we don’t 

understand yet and that’s ok!

 is integrated over multiple variables 
mentioned previously so in both channels 

the different acceptances for these 
variables will ultimately affect their 

overall contribution

Σ

HIGHER  FOR  ?Σ 4γπ+π−

Beam Asymmetries   
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