Data-driven gluon GFF extraction
What can we learn from threshold charmonium production?

Lubomir Pentchev

e Test GFF models using data from threshold J/y photoproduction
- find features in the data consistent with some general model predictions

e Then we will attempt to extract the gluon GFFs from the data only, without
any additional theoretical/lattice constraints

e How the extracted gGFFs compare to lattice results

e Comparing J/y and y,. photoproduction near threshold

- Why they are different?
- What can we learn about the production mechanism?
e Why do we need 22 GeV accelerator?



Threshold J/y photoproduction - the data
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Threshold charmonium photoproduction - GPD and holographic

approaches
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Threshold charmonium photoproduction - GPD and holographic
approaches

g
1 —

¢ J/
hne
3

P

= F(E )& [Gy()+E°Gy(1)] t ).

G(z):(,gi(z)(t) __/ o\ 2 /
0 p ) 4m2\_ﬁJg 2y

2
Gy(t) = 2ﬂ§2>(z)<5g(r)+24—;2@;2>(t)<5g(t)— (gf?(r) + 953?(;))

A1) = A1)
B(1) = B,(1)
€ (1) = 4C,(1)
M},W—t

522@—m%—M%+t

GPD analysis by Guo, Ji, Yuan PRD 109 (2024)

Witten diagram
representation

—> = N(E)[Hy()+n°Hy (D] + . .,
yp—>Jhyp

Hy(1) = AZ(t)
Hy(t) = BA (1) C,(1)

2
MJ/I//

T 2As—m) - M3, +1

n

Holographic analysis by Mamo and Zahed PRD 106 (2022),
PRD, PRD 101 (2020), Hatta and Yang PRD 98 (2018) p



T

(0]
U N W W WY

COOo ==
ORI — R ONoN

Op =

do

Rosenbluth separation
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Threshold J/y photoproduction - “Rosenbluth” separation

G,(t) and Gz(t) extraction
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Testing Energy Independence of Form Factor Functions
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Gluon Form Factors - energy independence
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Energy independence of the
G(1)/H(t) functions (within
errors)

Fits with:
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H,y(0)
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Using GlueX and J/y-007 data -
different colors - different energies

No theory/lattice constraints used!
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Assuming leading-term approximation - data vs
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Gluon Gravitational Form Factors - summary
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Other reaction mechanisms: open-charm, resonance

JPAC Phys.Rev.D 108 (2023)
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Higher-mass charmonium states at threshold in GlueX
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Threshold charmonium photoproduction at JLab22 with GlueX

GlueX uses polarized photon beam from coherent Bremsstrahlung

photon flux, A.U.

linear polarization

Taking advantage of increased end-point (electron beam energy):
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Conclusions

e Features in the J/y data consistent with some general predictions of the GFF
theoretical models - skewness scaling, da/dt(E},, t — fix) increases with energy

e Gluon GFFs extracted from J/y data using two diametric approaches (without any
external constraints) on the same scale with the lattice calculations

e Higher mass charmonium states - complementary in understanding the reaction
mechanism

e CEBAF energy upgrade adds new dimensions to these studies:
- Threshold production of higher-mass charmonium states (with different
quantum numbers) -y (2S), x.

- Polarization measurements with high FOM
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Gluonic structure of the proton

(MS, u=2 GeV)
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Data used in gluon Form Factor extraction
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Using #-scaling to describe data (Holographic approach)

doldt-n~%/H vs |t| (GeV?)
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Using &-scaling to describe data (GPD approach)

doldt - E2/F vs |t| (GeV?)
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Phenomenological approach: JPAC results

- gpAC

o GlueX (2023)
= Single channel (1C)
= Two channels (2C)
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= Nonresonant (3C-NR)
Resonant (3C-R)
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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



X Vs X(3872) production
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yield/50 MeV

Prospect for charmonium threshold production with GlueX-lll

e GlueX has planned running till 2025 (phase-Il) and proposal for
phase-Ill (double intensity and assuming E, = 12 GeV):

Run Period
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Prospect for charmonium threshold production with GlueX-lll

1

£2(do/dt)/F, nb/GeV?

[E—

AE(do/dt)/F/AE?, nb/Ge V?

(do/dt)/F, nb/GeV?
>

[E—

[S—

o
O

0—1

o
O

o
=

0.08

0.06

0.04

0.02

[ 11.10GeV |
{-e-10.64 GeV [
|-+-10.09 Gev |
-957GeV |
1-e-9.03 Gev
|—e—8.58 GeV

8
Itl, GeV

23



Threshold charmonium photoproduction at JLab22 with GlueX
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e Absolute normalization and error estimation: scaling existing
measurements (<12 GeV) by anticipated flux increase

e Energy extrapolation: using fits of J/y data forJ/y and v/, for
X based on VM exchange model (JPAC, Phys.Rev.D 102

(2020))
e Efficiencies estimated with MC

e All JLab22 projections for 100 PAC days: 80k J/y, 8k y,, 18k y’
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Threshold charmonium photoproduction at JLab22 with GlueX
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Threshold charmonium photoproduction at JLab22 with GlueX
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e Anticipated results
for the extracted
gluon Form Factors,
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scaling is valid

e Data randomized

around a fit of the
current data
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