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Vector-Meson Photoproduction as a Structural Probe
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Electron scattering: Vector-meson photoproduction:
well-established probe of charge structure potential probe of gluonic / gravitational structure

But only if the production mechanism is under control.



GFFs of Hadrons with Photon Probes
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From the Proton to Nuclel

0.6~ R. Wang et al., PRC 109, L012201 (2024)
E 04 +
' s ¢t @

) N (S -

G r v

el Of---------- R Eis bl S
g - -.-. Dipole , : : ; %

E [ - - . Exponential I ' ' ' '

10~ R L L . S

1l ]

3 0 o 0.8 -
5 - i | |

O - :
%? 1 o 0.6 {' * + e Kumanoetal. = Kharzeev
© - = JlLab 0 Wang et al.
10° 0.4 . » Wang et al. v This work
< Pion Proton Deuteron  “He
Q)
= 1
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- How does the mass distribution evolve from a nucleon to a nucleus?
- How does the mass radius compare with the charge radius?
- Is the nuclear gravitational structure simply inherited from nucleons?



Reaction Mechanism Near Threshold

vector meson
p,w, O, Jly, X, -

multi-gluons Does this mechanism really dominate near threshold?

A

The interpretation of vector-meson photoproduction in terms of GFFs
relies on assumptions about the production mechanism. Near threshold,
other contributions may not be negligible.

How can we test the production mechanism experimentally?



Energy Dependence Near Threshold
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The threshold region may contain dynamics beyond a simple smooth multi-gluon-exchange picture.



t Dependence Near Threshold
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A forward f-channel picture works reasonably well.
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Near threshold, the data indicate contributions

beyond a simple forward 7-channel production mechanism.




Polarization to Identify the Production Mechanism
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With linearly polarized photons, the vector-meson decay angular distribution is sensitive to the
naturality of the exchanged amplitude.



Decay Asymmetry Measurements n
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This is the experimental evidence that helium-4 acts as a spin/parity filter.




The “Simplest” Hadron Production?

Simple in terms of production mechanisms;
» Few contributing mechanisms v
* Few diagrams 2. multi-gluons

e Minimal resonance contributions

o
- »*He — gb4He (or y4 He — V “*He) is one of the “simplest” hadron produetio ctions.
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Coh. vector meson photoprod. on He-4: Clean baseline data for understanding hadron production



4He as a Benchmark for Mass-Radius Extraction
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v*He — @*He can be accessed at LEPS and RARIS.
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From He-4 to Other Nuclei

For nucleil where both natural- and unnatural-parity exchange contribute:
» Decay asymmetries (SDMEs) allow us to separate the two components.

» The t dependence of the natural-parity component can then be studied independently.
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Ongoing: Application of this N/U separation to existing LEPS data.



Experimental Strategy for Nuclear GFF Studies

1. Simple coherent systems
e.g. *He
— use the target itself as a reaction filter

2. Polarization / decay-asymmetry measurements

— separate natural- and unnatural-parity components

— study do”" /dt

3. Different vector mesons

w, @, J/y — test probe dependence

— check the robustness of the extracted GFF / mass radius

Experiment + reaction theory — constrain the production mechanism|



Summary . Ju4

* Near-threshold vector-meson photoproduction is a promising probe of hadron and nuclear
structure, including gravitational form factors.

 Near threshold, the energy and f dependences indicate that a simple production picture is not
always sufficient.

» Coherent production on simple nuclei such as He-4 can strongly filter the reaction mechanism.

» Decay asymmetries provide information beyond do/dt and allow natural- and unnatural-parity
contributions to be separated.

» Measurements with different vector mesons provide an important consistency check of the
extracted GFF / mass radius.

Cross sections + decay asymmetries + target dependence
— constrain the production mechanism
— more reliable structure extraction

The same reaction-mechanism control is also essential for exotic-hadron searches.






GFF from threshold vector-meson photoproduction

PHYSICAL REVIEW D 103, L091501 (2021)

The proton matrix element of EMT contains three
gravitational form factors (GFFs) [A(f), B(t), D(t)]
[3,4,15—-18], which 1s written as
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We present an analysis of the proton mass radius by studying the ¢ dependence of the differential cross tion is given by [18]
sections of the vector meson photoproductions near the thresholds. At low energy, the photoproduction of a
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Establishing Photoproduction Baselines
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Why measure J/p SDMEs?

 Threshold J/p photoproduction — properties of proton mass?
e High Ey region is well explained by Pomeron model.
 Understanding of production mechanism near threshold is desired.

M. Du et al., EPJ C80 (2020)
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Gluon exchange? Open-charm? Pentaquark?

In addition to Owta and do/dt measurements,
Spin observables (SDME) place stringent constraints on models!




