X. measurements with Gluex
C-even charmonium photoproduction at threshold

Lubomir Pentchev

e Some open questions in J/y photoproduction

e Observation of y,, , photoproduction with GlueX

e Photoproduction of charmonia with opposite-to-photon parity
- what does it mean?

- complementarity to C-odd charmonium (J/y) photoproduction



Threshold J/y photoproduction - the data
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Example: Rosenbluth separation of J/y photoproduction data
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GPD analysis by Guo, Ji, Yuan PRD 109 (2024)
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Relation to Gluon Gravitational Form Factors
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e agreement with lattice
e possible conclusion: the model corrections are not
dominant
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Other reaction mechanisms: open-charm, resonance
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Phenomenological approach: JPAC results

- PAC
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Global fit of both Hall C & D do/d1(t) and Hall D o,,(E,)

Phenomenological model based on s-
channel PW expansion (I < 3):
e (1C) J/wp interaction

e (2C) J/wp and D*A
e (3C-NR) J/wp, DA, D* A (non-
resonant solution)

No stat. significant preference:

e 9 GeV structure requires sizable
contribution from open charm

e Severe violation of VMD and
factorization not excluded

e s-channel resonance not excluded

e t-enhancement indicates s-channel
contribution: due to proximity to
threshold or open-charm exchange



Non-perturbative BS + Pomeron model
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Craig Roberts: “This work thus demonstrates that, at present and despite the
"desire" of many practitioners to draw far-reaching conclusions from their
measurement, any attempt to constrain in-proton glue distributions from near-

threshold $\gamma + p \to V + p$ photoproduction data is unjustified.” /



Recent results from CLAS12 and J/y-007
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Xeq kinematics

Yp

X, detection with GlueX
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C-event charmonium states at threshold with GlueX
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First ever evidence for photoproduction of C-even charmonium
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C-event charmonium states at threshold with GlueX

o Dramatic difference: y, distribution in (Ey, 1) vsJly
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dop/d|t| (fb/GeV?)

t-channel production - perturbative calculations
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Benic, Dumitru, Kaushik, Motyka, Stebel, PRD 110 (2024) -
perturbative calculations (high energies)

Xa(d) ® - suppressed for y,.; due to
Landau-Yang theorem:
Ye1(J = 1) = yy suppressed fort — 0

e Odderon (odd-parity Pomeron) 3g
exchange - suppressed by l/a's6

still dominates at higher | ¢| due
to n, = 0 (n, = 2 for Primakoff)
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t-channel production - VM exchange
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s-channel mechanisms

e t-channel is suppressed (requires C-odd exchange), allows us to study other
possible mechanisms that may dominate:
S-channel exchange of 5q Open-charm exchange

y
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Conclusions

e Studying gluon structure of the proton with J/y photoproduction requires better
understanding of reaction mechanism

e First-time observation of charmonium photoproduction with opposite-to-photon
parities; expect more events with GlueX-Ill (~400 total)

e Photoproduction of y,. in t-channels is suppressed due to C-parity flip. This allows us

to study s-channel reaction mechanisms that would help understanding their
contributions in J/y photoproduction

e Threshold production of higher-mass charmonia (with different JPC) adds a new
dimension in understanding gluonic content of the proton
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