The why and how of data-driven analysis in
near-threshold .7/« photoproduction

T NACIONAL AUTONOMA g WEiG M‘
==, S Daniel Winney Corona
a ..‘_‘ ’ )

2
000N

Instituto de Ciencias Nucleares (ICN)
Universidad Nacional Auténoma de México (UNAM)

MESON2026

Krakéw, Poland
e e 200 EXOHAD .

EXOT1C HADRONS TOPICAL COLLABORATION

Instituto de Ciencias Nucleares UNAM g



A thSiCS'riCh process D. Pefkou et al. [Phys.Rev.D 105 (2022) 5, 054509]

0.5 I wripole
Gravitational form factors S
Mamo & Zahed [Phys. Rev. D 101, 086003 (2020)] % 0-“&\
Guo, Ji & Liu [Phys. Rev. D 103, 096010 (2021)] o3
Mass radius £ |
Kharzeev [Phys. Rev. D 104, 054015 (2021)] f . M
Mamo & Zahed [Phys. Rev. D 103, 094010 (2021)]
0.0

QCD Trace anomaly 000 025 050 075 100 125
Wang, Chen, & Evslin [Eur.Phys.J.C 80 (2020) 6, 507]
Hatta & Yang [Phys. Rev. D 98, 074003 (2018)]

Signal channel for the LHCb pentaquarks in exclusive P(4440)"

Pc(4:;12)+
final state (avoids triangle singularities). ’

o p
Abﬁ

-+ ~ 41 = =
4900 4250 4300 4350 4400 4450 4500 4550 4600
Mye [MeV]

LHCb [Phys.Rev.Lett. 122 (2019) 22, 222001] 2



... With relatively limited data
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... means many possible interpretations

The underlying dynamics have been argued to be described by:

e Pomeron exchange

WAAAVVAY
8

- A 10
C _% of
T [ 2 0.50
2T o e
i 0.10 ’ e GlueX 2023 + Data before 2000
- 0.05¢ 47 = P-dyn =+ GPD
‘ [ P-am == P+vyy
| | 1 | | | | 1 1 | | ‘ 1 1 1 | ‘ | 1 1 1 ‘ | | 1 1 | | | | 1 | Il | ; 3 2 2 1 2
85 90 95 100 105 110 115 0.0]15—72> 75 28 50 52 55
E, (GeV) W [Gev]

JPAC [Phys.Rev.D 100 (2019) 3, 034019]

L. Tang et al. [Eur.Phys.J).C 86 (2026) 3, 284]



... means many possible interpretations

The underlying dynamics have been argued to be described by:
e Pomeron exchange

 Scalar gluon exchange
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... means many possible interpretations

The underlying dynamics have been argued to be described by:
e Pomeron exchange
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... means many possible interpretations

The underlying dynamics have been argued to be described by:
e Pomeron exchange

e Scalar gluon exchange
e Tensor gluon exchange

e Holographic dilaton & graviton exchange
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... means many possible interpretations

The underlying dynamics have been argued to be described by:
Pomeron exchange
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... means many possible interpretations

The underlying dynamics have been argued to be described by:

¥ J/

Pomeron exchange

Scalar gluon exchange

Tensor gluon exchange

Holographic dilaton & graviton exchange
Open charm loops

Pomeron + open charm
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... means many possible interpretations

The underlying dynamics have been argued to be described by:

Pomeron exchange
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Holographic dilaton & graviton exchange
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... means many possible interpretations

The underlying dynamics have been argued to be described by:

Pomeron exchange

Scalar gluon exchange

Tensor gluon exchange

Holographic dilaton & graviton exchange
Open charm loops

Pomeron + open charm

Pomeron + open charm + o exchange

Pomeron + open charm + light pseudoscalar exchange
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... means many possible interpretations

The underlying dynamics have been argued to be described by:
e Pomeron exchange

e Scalar gluon exchange

e Tensor gluon exchange

« Holographic dilaton & graviton exchange

e Open charm loops

e Pomeron + open charm

e« Pomeron + open charm + o exchange

e Pomeron + open charm + light pseudoscalar exchange
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... means many possible interpretations

The underlying dynamics have been argued to be described by:

Pomeron exchange

Scalar gluon exchange

Tensor gluon exchange

Holographic dilaton & graviton exchange

Open charm loops

Pomeron + open charm

Pomeron + open charm + o exchange

Pomeron + open charm + light pseudoscalar exchange

Pomeron + light pseudoscalars + charmonium & nucleon exchanges

Current data is insufficient to properly differentiate models.
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... and lots of dynamical assumptions!

» Non-existence of pentaquarks

 Irrelevance of open charm intermediate states These are all assumed

« Factorization at high-t (QCD) or low-t (Regge) and/or required for an
« Validity of a truncated t-channel partial wave expansion extraction of GFFs!

« Can ignore unitarity corrections (amplitudes are real)

e Helicity conservation

e Applicability of vector meson dominance

e Unitarity and analyticity violations when summing Regge poles and s-channel loops

Need to critically evaluate underlying dynamic assumptions and

make nontrivial predictions to differentiate models!
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“A GPD-inspired model with gauge invariance”
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Want to decompose amplitude in terms of a covariant basis which satisfies gauge invariance

€, (g, Ay) u(p; Ap) l,i-“/qy =0

M{)\} = a(p/,)\ q )\d, [Z l'uy

W. Bardeen & W. Tung [Phys.Rev.D 4 (1971) 3229]
R. Tarrach [Nuovo Cim.A 28 (1975) 409]

Analogous to the Chew-Goldberger-Low-Nambu (CGLN) basis in 1t photoproduction

1 M, G. Chew et al. [Phys.Rev. 106, 1345 (1957)]
£) = [
Apps iz (51) = Uua(Pa) Z (M up, (P2)s ) \ohiew et al. [Phys.Rev.D 92 (2015) 7, 074013]

15



“A GPD-inspired model with gauge invariance”

W=prP[(P-q)k"—(q q)P] , B =q"yq ,
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R. Parsons & B. Manny [Annals Phys. 80 (1973) 387-396]

AH AV — g;w A2 A(O)

(P'ITP Py = a(P') | Ay() 7P + Cy (1) u(P) A () =

mn

(1 —t/m%)?
We choose a minimal amplitude of the form:

Moy = a(p’, Apr) €,('s Ay) [147 Na Ag(t) +157 No Cy(t)] €0(q, Ay) u(p, Ap)
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“A GPD-inspired model with gauge invariance”

Fix A(0) = 0.414 and fit C(0),ma, mc.
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“A GPD-inspired model with gauge invariance”
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“A GPD-inspired model with gauge invariance”
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View from the t-channel

Moy =a(p’, Apr) (¢, Ay) [17 Na Ag(t) +157 No Cy(t)] (g, Ay) u(p, Ap)

We can simply evaluate in the t-channel frame and see what spins contribute:

M{M} (t? et) - d,:LI-LW—/Lw,Mp—/J,p/ (et) [Kflu} <t> NA Ag (t) + K&} (t) NC Cg (t):|
erNQt Ky = Hops fbp = [p?
V't fy = [opy fhp = —fbpr
A _ C _
K{M} (t) = _\/§Qt \/1_57;‘1—1; oy = (), Ly = Upr K{,u} (t) — 2% Pt \/g(gﬂfyaﬂw 5lu’p7/“’l’p/
\ —\%fw pop = 0, fip = — iy

This model is purely spin-1 (nothing to do with the energy-momentum tensor)!
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How to stop assuming and test

Model claim: The t-channel PWE can be truncated to spin-2.

S-matrix first principles: The s-channel PWE can be truncated to lowest waves near threshold.
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This can then be related to t-channel waves by
using crossing symmetry

My (t:01) = D, ClunyMyny (s, 05)
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How to stop assuming and test

Model claim: The t-channel PWE can be truncated to spin-2.

S-matrix first principles: The s-channel PWE can be truncated to lowest waves near threshold.
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Need helicity information!
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Summary

Considerable experimental effort continues to grow the available data of near-threshold

J/psi photoproduction but unfortunately still insufficient to have clear answer.

e Making models is not enough, good science also requires non-trivial, testable

predictions to assess the underlying dynamics

» Studies of helicity dependence are particularly important as they constrain the t-channel

exchange structure.

o S-matrix first-principles provide model-agnostic framework to test dynamical

assumptions as data becomes available.
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Thank you!
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