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The ‘current’ Standard Model of 

Particle Physics 

It describes:

• Strong Interactions

• Weak Interactions

• Electromagnetic Interactions
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This talk will focus on Light 

Hadron Spectroscopy.

The ‘current’ Standard Model of 

Particle Physics 

It describes:

• Strong Interactions

• Weak Interactions

• Electromagnetic Interactions
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Quark Model: The first theory of Strong Interactions
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Quark Model: The first theory of Strong Interactions

Mesons can be categorized by JPC
 (I

G).

• Total Spin (J) ranges from |L−S| to |L+S|

• Parity (P) = (−1)(L+1)

• Charge Conjugation (C) = (−1)(L+S)

Forbidden JPC Combinations: 0+ −, even+ −, odd − +

Incomplete Theory!
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Quantum Chromodynamics (QCD) 

• Quarks interact via exchange of gluons.

• Introduces a color charge degree of freedom in quarks.

• Predicts 

• Hybrid Mesons

• Exotic States 

• Important outcomes: 

• Color confinement i.e. “Free” quarks cannot be 

observed.

• Non negligible 𝛼s at low energy scale i.e. “Lattice 

QCD”
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Lattice QCD Predictions for Mesons

π1(1600)

b1π
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η’π0
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Antoni J. Woss, et al. HadronSpectrum Collaboration 

Phys. Rev. D 103, 054502

CAP Congress 2025 13

π1(1600)

b1,(η'π0),…

ꞷ, η',η,π0
,…

Lattice QCD Predictions for Mesons

The Roadmap to π1 

Lightest

Exotic

π1(1600)

b1π
0

η'π0

ρπ0, ...

b1  → ꞷπ0
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A Photo-production Experiment @                           Hall D

CEBAF @ JLab

12 GeV e- in 4ns bunches
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CEBAF @ JLab

12 GeV e- in 4ns bunches

• 6-12 GeV γ beam energy

• Linearly polarized photons in 4 

orientations (0,45,90,135) 

• Peak Polarization ~35% @ 8.8 GeV

• LH2 target

Main Goals: 

• Map light meson spectrum

• Search for hybrid mesons

Detector system offers nearly 4π coverage!

A Photo-production Experiment @                           Hall D
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How to extract contributions from various JPC from this spectrum?

• Using “only” mass spectrum is incomplete.
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How to extract contributions from various JPC from this spectrum?

• Using “only” mass spectrum is incomplete.

• Study and analyze intensity in more “dimensions”!

• “Dimensions” - Decay angles of the constituent particles. Develop model 

from scattering theory.
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Intensity, I(θ,φ,θH,φH,Φprod)
PWA - A tool that extracts contribution of JPC by 

studying intensity in multiple decay angles
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Mesons: JPC
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Intensity, I(θ,φ,θH,φH,Φprod)

Ω(θ,φ)

ΩH(θH,φH)
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In “thin” M(ꞷπ0) and |𝑡| bin

Contains D/S Ratio of Amplitudes A decay parameter specified by theory.

Mesons: JPC
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Agrees with previous 

experiments’ measurements.
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Looking in finer 

|𝑡| bins

Strong monotonic 

decrease at high |𝑡|
Agrees with previous 

experiments’ measurements. D/S ratio: A decay parameter so 

expected to be independent of |𝑡|
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• PWA effectively extracts JPC contributions

• This work: 

• D/S Ratio consistent with PDG & theoretical prediction

• A strong correlation found in D/S Ratio as a function of |𝑡|
• Unprecedented statistical precision; systematics dominate

• Future Work: 

• Compare to charged b1 (γp → b1∆
+)

• Extract cross-sections → input to theory

• Access to excited vectors in higher mass range
Thank You!

www.gluex.org/thanks

https://www.gluex.org/thanks.html


Harsimran Singh CAP Congress 2025 26

Backups
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ExoticsParity = +1Parity = −1

Known

π1

b1

JPC  →Jozef J. Dudek, et al. HadronSpectrum Collaboration

Phys. Rev. D 88, 094505
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Particle 
Hypothesis

• KinFit CL > 10−2

• χ2/NDF < 2.25

Detector 
Response

• PID-Timing

• Calorimetry

Phasespace cuts

• 0.15 < | t | < 1.0 
GeV2

• 8.2 < EBeam < 8.8 
GeV

• MM2 ≤ 0.05 GeV2

Statistical 
Accounting of γ 
beam 

• Accidental Side 
band subtraction

Accounting for 
“non-ꞷ” events

• 2D-ꞷ side band 
subtraction

Hard Cuts

Event Weighting
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Before “Hard” Cuts

After “Hard” Cuts w/o weighting

After weighting signal events High purity events of ꞷπ0 selected.
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Mesons: JPC

p

γ

p'

π   ℙ

π0

π0

π−
ꞷ

b1

→

π+

Beam Photon γ

Pγ - Polarization Fraction

Φ - Production angle
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Mesons: JPC

p

γ

p'
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π+

ꞷ Decay Dynamics

λꞷ - ꞷ helicity (J=1)

ΩH - Decay angles in the ꞷ decay plane

GDalitz- Distribution of pions in ꞷ decay plane
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Mesons: JPC

p

γ

p'

π   ℙ

π0

π0

π−
ꞷ

b1

→

π+

ꞷπ0 Decay Dynamics

Ti
±,𝑚 - decay amplitude. Depends ꞷπ0 relative spin, naturality 

of exchange

Ω - Decay angles in the ꞷπ0 decay plane

𝔉(p0) - Biatt-Weisskopf angular momentum barrier factor. 

Suppress high 𝑙 waves in low ꞷπ0 mass

Fi
λꞷ - ꞷ helicity amplitude 

 For b1; F
i
λꞷ =⟨1λꞷ|00,1λꞷ⟩C0 + ⟨1λꞷ|20,1λꞷ⟩C2

 Defined DS Ratio = C2/C0
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Mesons: JPC

p

γ

p'
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→

π+

The Exchange Mechanism

A±⟷ Ti
±,𝑚 : All amplitudes A± can be expressed in linear 

combinations of “reflectivity” basis. 

Can easily infer naturality of exchange. 

ε("refl") = 𝜏𝑖 ("meson")× 𝜏𝑒 ("exchange")

Amplitudes will be defined as ε = ± reflectivities [JPC]ε



ηπ0 PWA
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