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Experiment
Across the two days, the workshop has already [GIueX / ,53” c/ CLASlZ]
covered \
@ Experiment: threshold charmonium, CLAS12 J/v [Amplitu_de + globa.l f.its]
and ¢, dileptons, and what can actually be measured. universality & uncertainties
A
@ Analysis: amplitude analyses, neural-network CFF Lattice + theory
fits, Gaussian-process tools, and uncertainty moments, GPDs, GFFs
quantification. +
@ Theory/computation: GFFs from lattice, transition [ This talk _ ]
GPDs, and factorization frameworks. one correlator, many projections

So the right closing viewpoint is

’ GPDs — moments — GFFs — quarkonium extraction ‘
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@ Theory and computation GPDs

zero skewness vs finite skewness

o GPDs at n = 0: impact-parameter parton densities.

o GPDs at n # 0: off-forward parton—nucleon

correlations. GFFs
e Spin-2 moments = GFFs A, B, D. A, B, D and mechanics
e Soft-wall holographic computation and comparison Y

to lattice. J/ extraction

threshold & gluonic EMT

@ Experimental extraction

o Why near-threshold J/v is a gluonic filter. Take-home message up front

o How the amplitude isolates A, (t) and Dg(t). Baneh) e a6 o = 0 aeralEfor
e What “vector quarkonia as pressure gauges” shoulc language at 7 # 0.
really mean.
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GPDs: one object, many projections

Leading-twist quark/gluon GPDs

ER?BL forward limit
V7™ it 7 DGLAP DGLAP

F(Xﬂ% t) ~ / € P <p/|¢(—z/2) r W’(/J(Z/Z)‘p> ¢ G Mellin moments

—_— s
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@ x: longitudinal momentum fraction.

FTS?AJ_

T —> X [ tomography
@ 7): skewness / off-forwardness / rapidity gap.
The real question is: what does tomography mean once

@ t: invariant momentum transfer. n+#0?

Three familiar limits
n—1 PAL Al :
F(x,0,0) — PDFs, dx x"*F — form factors, (2n)? e 2L PLF — spatial tomography.
i
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At zero skewness: impact-parameter densities in the IMF

Burkardt picture at n =0
d?A
(2m)?
for a proton localized in the transverse plane and viewed in
the infinite-momentum frame.

e iALbLH(x 0, —A%)

q(x,b.) =

@ The transform admits positivity constraints, so for
x > 0 it can be interpreted as a parton probability
density in transverse space.

@ The density language is tied to state preparation: :
transverse localization, diagonal longitudinal
momentum, and the IMF viewpoint. At n = 0, the Fourier transform is diagonal
in the hadron state and admits a genuine

@ Second moments image longitudinal momentum flow; partonic density interpretation.

E controls transverse distortions for polarized targets.
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At finite skewness: off-forward correlation, not probability

What changes when 7 # 07 light-ray
operja%gr

2 2 2072
d*A, o 1ALbLE X,7]77AL+47] My
(2m)? 1—1n?

p(x,by;n) =

connects different hadron momentum eigenstates.

@ The initial and final proton carry pi = (1 +7)P* B \
and pf = (1 —n)P*.

@ The rapidity gap is

Actual depletion of N;°*#(n) with rapidity gap.

1
Ay =1In 1 tn_ 2 artanh(n).
—7

@ The norm is fixed at t = —c,, with
Nn(n) = Hn(77a 767])'
Diehl 2002; Hechenberger—-Mamo—Zahed 2026

Interpretation

At finite skewness, the Fourier transform is a parton—nucleon correlation amplitude in
transverse space.
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Spin-2 moments, GFFs, and why 1 = 0 matters

ments define the gravitational form factors

H§+)(2a n, t) = Aa(t) + 772Da(t)7 E‘§+)(2,777 t) = Ba(t) - 772Da(t)'

EEEEE—
n=0 n#0 A(t)
momentHE / mass
State IMF, local- off-forward / ra- —
ized pidity gap B(t)
FT density correlation spin é orbit
Spin Ja = Ja(n) = ) EEEe—
HA0) + LlAs(-e)  + D(t)
B.(0)] Ba(—cy)] pressure / shear
Mechanics density lan-  stress correlation ) o o
guage Outside the n = 0 IMF limit, the mechanical image

is not a literal parton density.
Finite-gap Ji logic: D cancels in H + E at fixed t; the observed n-dependence

4n2mfv

1-n2 "

comes from evaluating the off-forward correlation at t = —¢; =
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Witten-diagram intuition in soft-wall holographic QCD

Soft-wall setup

2
ds® = —5 (M dxHdx” — dz?), #(2) = K22
z

@ Tensor 21 exchange gives the spin-2 channel o 3
. P
and fixes A(t).

2 = A(t) 0t = D(t)
@ Scalar 0™ exchange completes the trace
channel and therefore fixes the combination that

determines D(t).

@ The bulk computation is naturally off-forward-
source, sink, and exchanged bulk field define a
genuine correlation before any 17 — 0 density
limit is taken.
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Soft-wall outputs: Ag(t) and Dg(t) versus lattice
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Spin-2 / tensor channel: Ag(t) Scalar completion / D-term channel: Dg(t)

Computational logic

Forward limits come from PDFs; Regge slopes from spectroscopy and form-factor systematics; polynomiality
is imposed in moment space; after NLO evolution, the j = 2 moments show qualitative — and in several
channels fair — agreement with current lattice data.
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Why near-threshold ) is a particularly clean experimental lever arm

@ Heavy quarkonium behaves as a compact color Y
dipole and filters gluonic dynamics.

@ Near threshold, the amplitude is especially p
sensitive to the lowest moments of gluon GPDs —
precisely the gluonic EMT form factors.

near-threshold picturRegge / holographic picture

@ At higher energy the same object reggeizes;
threshold and diffraction are different kinematic
windows on closely related correlators.

Process

yp—J/bp,  Wr=s,  t=(p —p)
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From the amplitude to the extraction of A,(t) and D,(t)

Near-threshold structure of the cross section [measufed dU/df]
d 1 '
o 2
= m F(s,t, MJ/waMN)[Ag(t)+772Dg(t)] . [threshold amplitude]
Y
++ -
@ 27" exchange determines the tensor channel Ag(t). [Ag(t) and Dg(t)]

@ The scalar completion is essential: without the
D-term, the near-threshold extraction is incomplete.

. . mass, pressure, shear
@ This is the experimental face of the same moment [ o ]

decomposition used on the theory side.

Tensor channel + scalar completion = mechanical
interpretation.

3t

AS(0) = Ad(t) — 437 De(0)
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Recent CLAS12 extraction: gluonic Ag(t) and Cg(t)

Holographic model

— CLAS12
B2 )/y-007
CLAS12/GlueX/)/y-007

combine:

GPD model

—100

3 4 0 1
—t[Gev?]

The recent CLAS12 extraction shows both Ag(t) and Dg(t) = 4C,(t) in GPD and holographic fits.
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From D,(t) to pressure and shear — but keep the interpretation honest

3D Breit frame mechanical pressure profiles
T T T T T T

Mechanical distributions oz}

0.015F — gluon

— quark

* Rg=053+0.15fm
0.010

- Rg=067+0.141m

Sl S s /dBA GATD(),  t= —A?

2r)?

2+
0.005-

2 p(r) [GeV fm-"]

0.000

@ D(t) controls the stress tensor and therefore the

7 o
pressure and shear patterns. -0.005

-0.01

@ In the usual Breit-frame mechanical language, these e e e
are best understood as spatial images of an

off-forward stress correlation. Key caution

@ So the “pressure " interpretation is sensible precisel Density language is sharpest at 7 =0 in
because quarkonium measures this correlator — no the IMF; mechanical language away from
because it directly photographs a static fluid. that limit should be read as a

correlation-space statement.
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Total cross section of J/v photoproduction from near threshold to high
energy

Ey (GeV)

Figure: Total J/4 photoproduction cross section in holographic QCD, fit from threshold to high energy.
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Vision after this workshop: close the loop, do not split the program

@ Theory/computation: all-skewness GPD engines [ JLab data 7}
must preserve support, polynomiality, and analyticity. J/4, &, electroproductio

v /
@ Lattice: moments and GFFs remain the cleanest amplitudes / fit
nonperturbative anchor for A, B, D. uncertainties & constiaints
Y
@ Experiment: threshold photo/electroproduction and lattice GFFs

eventually ¢ and T channels should test the
universality of the extracted gluonic correlators.

moments & radii

one correlator engine

[1-sk GPD
@ Global analysis: the real target is one framework [a SHEWNess éj

linking DVCS, vector mesons, lattice moments, and
GFF extractions.

Treat threshold quarkonium, lattice moments, and
all-skewness GPD phenomenology as one program.

K. Mamo (CNF mini-workshop) Nucleon GFFs Mar. 27, 2026 15 /20



@ At n =0, the transverse Fourier transform of a GPD has a clean impact-parameter density
interpretation in the IMF.

@ At 1 # 0, the same object is an off-forward parton—nucleon correlation; its norm is fixed at
t = —c, and decreases with rapidity gap.

@ Spin-2 moments define the GFFs A, B, D; pressure and shear are controlled by D(t), but their
spatial images are best read as correlation-space observables away from the 1 = 0 density limit.

@ Soft-wall holographic QCD gives a concrete computational picture: 27+ and 0" Witten diagrams
compute the tensor and scalar channels and compare nontrivially with lattice.

@ Near-threshold J/4 is therefore not just a qualitative “pressure picture” tool — it is a realistic
experimental handle on the gluonic stress correlator of the nucleon.

Closing line

Vector quarkonia are best viewed as precision probes of off-forward gluonic stress correlations.
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Thank you
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Backup: tomography from the recent finite-skewness pa
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Backup: rapidity dependence and modified Ji identities
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