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Review

I Photoproduction important for hadron spectroscopy.

I Study both standard and exotic hadrons.
I JPAC has been developing a model of double pion photoproduction:

I Gauge invariant Deck
I Regge amplitude for rho production
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Resonances in (πN ) system

I For ~γp → π+π−p can study
I ~γp → (π±π∓)p
I ~γp → π±(π∓p)

I ~γp → π−∆++

I Comment: all results are preliminary!
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A note on kinematic variables

I 5 kinematic variables required.

I Angular moments of ππ system:

s = (p1 + q)2

t = (p1 − p2)2

sππ = (k1 + k2)2

and (θ, φ) describing the π+

relative to the production plane

I γp → π−∆++

s = (p1 + q)2

t = (q − k2)2

sπN = (p2 + k1)2

and (θ, φ) describing the p
relative to the production plane
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Predictions for γp → π−∆++

I Branching ratio Γ(∆→ πN )/Γtotal ∼ 1
I Integrate model over ∆ peak to extract γp → π−∆++.

I Effectively one-pion-exchange model, couplings not put in by hand.
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Figure 1: Ballam et al, Phys.Rev.D 5 (1972) 545
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∆ production by polarized photons

I Provide a further check of model.

I Linearly polarized photons allow for discrimination between natural
(P(1)J = 1) and unnatural (P(1)J = −1) parity.

I Φ is angle between polarization vector and production plane.

I Intensity is

I (Ω,Φ) = I 0(Ω)− Pγ cos 2ΦI 1(Ω)− Pγ sin 2ΦI 2(Ω)

I Pγ degree of polarization: 0 ≤ Pγ ≤ 1
I Integrating over the ∆ resonance gives

Ĩ (Ω,Φ) =

∫ m∆+δ

m∆−δ
dmπN I (Ω,Φ)

= Ĩ 0(Ω)− Pγ cos 2ΦĨ 1(Ω)− Pγ sin 2ΦĨ 2(Ω)
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Decay Angular Distribution ∆++ → π+p

I Up to overall normalization, relate the integrated intensity Ĩ (Ω,Φ) to
decay angular distribution:

Ĩ (Ω,Φ) ∝W (θ, φ,Φ) =
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I ρk
ij(s, t): Spin density matrix elements: encode the angular

correlations.
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Comparison to Bingham et al. 1970
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Figure 2: Ballam et al, Phys.Rev.D 5 (1972) 545
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Beam Asymmetry

I Computable from SDMEs:

Σ = 2(ρ1
11 + ρ1

33)
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Figure 3: GlueX, Phys.Rev.C 103 (2021) 2, L022201
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Previous Studies

Figure 4: Phys.Rev.C 103 (2021) 2, L022201
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Future Work

Factorization allows us to leverage excellent knowledge of 2→ 2 processes.

πN → πN
ρN → πN
VMD: γN → πN

N N → ππ γP→ ππ
γf2 → ππ

γN → πN
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Conclusions

I Developed model of γp → pπ+π−.
I Applied to description of γp → π−∆

I Unpolarized observables reasonable.
I Polarized observables require more sophisticated model: ρ, a2

exchange.
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JPAC Model
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