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REVIEW

Photoproduction important for hadron spectroscopy.

Study both standard and exotic hadrons.

JPAC has been developing a model of double pion photoproduction:
Gauge invariant Deck
Regge amplitude for rho production
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RESONANCES IN (7IN) SYSTEM

For ¥p — 77~ p can study
Ip = (77 ¥)p
7p = 7 (7T p)

yp — - ATT

Comment: all results are PRELIMINARY!



A NOTE ON KINEMATIC VARIABLES

5 kinematic variables required.

Angular moments of 77 system: yp — T ATT
s=(p+q)? s=(p+9)?
t=(pr—p2)° t=(q— ko)

Ser = (k1 + k2)* sen = (P2 + k1)?

and (0, ¢) describing the 7™ and (0, ¢) describing the p

relative to the production plane relative to the production plane



PREDICTIONS FOR vp — m~ ATT

Branching ratio I'(A — 7N)/Tota ~ 1
Integrate model over A peak to extract yp — 7~ AT,

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



A PRODUCTION BY POLARIZED PHOTONS

Provide a further check of model.

Linearly polarized photons allow for discrimination between natural
(P(1Y = 1) and unnatural (P(1)) = —1) parity.

® is angle between polarization vector and production plane.

Intensity is
1(Q,®) = I°(Q) — P, cos 201 () — P, sin281%(Q)

P, degree of polarization: 0 < P, <1
Integrating over the A resonance gives

B mA—i-(S

(9, @) = / dmnI(Q, )

mA—(S

=1°(Q) — P, cos 28I () — P, sin201%()



DECAY ANGULAR DISTRIBUTION ATT — 7t p

Up to overall normalization, relate the integrated intensity I(€2, ®) to
decay angular distribution:

1(Q,®) x W(0, ¢, ) = % (,;23 sin? 0 + (% = pgg)(% + cos?0) — % Re p9; cos ¢sin 26 — % Re p3_, cos 2¢sin® 0
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,og.(s, t): Spin density matrix elements: encode the angular
correlations.



COMPARISON TO BINGHAM ET AL.
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Figure 2: Ballam et al, Phys.Rev.D 5 (1972) 545



BEAM ASYMMETRY

Computable from SDMEs:
% = 2(piy + pis)
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Figure 3: GlueX, Phys.Rev.C 103 (2021) 2, L022201



PREVIOUS STUDIES

-0.6
-0.8

into production mechanisms. In this paper, we seck to extend
this understanding by measuring the beam asymmetry  for
the charge-exchange reaction 7p — 7~ A*, where £ = 1
(X = —1) is indicative of pure natural (unnatural) parity ex-
change. We find that the asymmetry varies significantly over
Mandelstam 7, demonstrating the need for unnatural pion ex-
change as well as natural exchanges such as p and a,. This
reaction has been of theoretical interest for several decades

—— Nys et al. JPAC), PLB 779, 77 (2018)
Yu and Kong, PLB 769, 262 (2017)
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Figure 4: Phys.Rev.C 103 (2021) 2, L022201



FuTurRE WORK

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

TN — N NN — 7r VP —
pN — N Yo — 7w
VMD: yN — N



CONCLUSIONS

Developed model of yp — prtn—.
Applied to description of yp — 7~ A

Unpolarized observables reasonable.
Polarized observables require more sophisticated model: p, a,
exchange.



JPAC MODEL



