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P A R T  I   ·   W H A T  J P A C  I S

From a JLab12 commitment to a global node

2013

Operations begin

Need for more theory integration 
with experimental analyses 

2016

3-year review

Effective day-to-day
management praised

2022

10-year review

Renewal for 10 more
years recommended

2026

Today

Hybrid harvest era
Lattice + EIC ahead

16
Full members

9
Affiliated members

30+
Researchers in 10y

13
PhDs awarded

No formal hierarchy, consensus-driven — sustained by annual meetings (JLab, Munich, Bochum, Genoa) and weekly virtual ones.

FDSA workshop series

Future Directions in Spectroscopy Analysis — 
four editions to date

Summer schools

Annual school at UNAM; co-organized 
NNPSS 2021 during COVID

Graduate courses

Indiana University, Messina, UNAM, JLab 
user groups

Conferences & workshops

Organizing roles across HADRON, CIPANP, 
QNP & INT / ECT* programs



M E N T O R S H I P  I N  N U M B E R S

Where JPAC people are, today

100% of postdocs now in permanent positions
SELECTED PLACEMENTS

C. Fernández-Ramírez
Prof., UNED · Madrid

I. Danilkin
Permanent, JGU Mainz · Germany

V. Mathieu
Assoc. Prof., UB · Barcelona

A. Pilloni
Assoc. Prof., Messina · Italy

A. Rodas
Asst. Prof., ODU · Virginia

S. González-Solís
Asst. Prof., UB · Barcelona

M. Albaladejo

Ramón y Cajal, IFIC · Valencia

A. Jackura
Asst. Prof., W&M · Virginia

S. Dawid
Asst. Prof., Indiana U. · Bloomington

Ł. Bibrzycki
Asst. Prof., AGH · Kraków

M. Mikhasenko
Assoc. Prof., Bochum · Germany

J. Nys
Research Sci., ETH Zürich · Switzerland

P. Guo
Assoc. Prof., Dakota State · USA

L.-Y. Dai

Hunan U., Changsha · China



PART II  ·  REGGE FOUNDATIONS

A brief history of Regge theory & phenomenology

[ portrait ]

Tullio Regge

• Complex orb ital momenta;  
Regge poles & trajectories. 

“Reggeons” in potential 

scattering.

[ portrait ]

Stanley Mandelstam

• Mandelstam variables (s, t, u ); 
double dispersion  relations and 

the analytic S-matrix.

[ portrait ]

Geoffrey Chew

• Bootstrap program and the 
Chew–Frautschi plot — 

resonances on linear 

trajectories.

[ portrait ]

Vladimir Gribov

• Black→gray disk scattering; 
rising interaction radius;  the 

Pomeron as a ladder.

Analyticity + crossing + unitarity ⇒ a spectrum of poles in complex J that controls high-energy behavior.

Tulio Regge 



PART II  ·  REGGE FOUNDATIONS

Partial waves and analyticity in angular momentum
Partial-wave series

• Each partial wave is an analytic function of s

• The sum converges only in a limited s-domain

• Goal: continue the index ℓ itself into the complex plane

Continuation in ℓ

• Carlson’s theorem fixes the unique interpolation

• Singularities in ℓ → Regge poles at ℓ = α(s)

• Watson–Sommerfeld transform turns the sum into a 
background + pole contributions

Unitarity constraints singularities in l the same way it constrains singularities in s



PART II  ·  REGGE FOUNDATIONS

When  can we use Regge theory

Regge residues give the precise definition of couplings → to be compared with QCD or models

• Always — it follows from analyticity, crossing symmetry, 
and unitarity of the S-matrix

• Not specific to QCD

Technically 

• Most useful at high energy: s ≫ |t|

• Forward scattering dominates

• Multiple resonance (Reggeon) exchanges contribute 
coherently

In Practice 



PART II  ·  REGGE FOUNDATIONS

Why are we interested in Regge now? 

Single amplitude describes both: the resonance production, including the hybrid and regge exchanges



T H E M E  1   ·   L I G H T  M E S O N S

Hybrids, confinement, and the hunt for poles

Lightest hybrid supermultiplet from lattice QCD 
(after Dudek et al.)

Lattice QCD predicts a hybrid supermultiplet — 
including the exotic 1⁻⁺. The question is whether it 
shows up as a pole in real data.

• For infinitely heavy quarks, the gluonic field collapses to a confining 
string; its excitations define a hybrid’s quantum numbers.

• What is a constituent gluon — a string vibration or an excited 
quasiparticle? Each picture predicts a different pattern of 
degenerate multiplets.

• The exotic 1⁻⁺ cannot be an ordinary qq̄ meson — its discovery is 
the cleanest signature of gluonic excitation.

• Lattice gives masses, not line shapes. Real data requires amplitude 
analysis to find resonance poles in the complex plane.



T H E M E  1   ·   L I G H T  M E S O N S

From coupled-channel fits to poles
Coupled-channel fit to ηπ and η′π

P-wave (π₁ candidates) and D-wave (a₂ family) intensities plus the P–D 
relative phase, fit simultaneously across both channels. Shown 
schematically.

What a resonance really is: searching for poles

Bumps are not resonances. 
A resonance is a pole of the 
scattering amplitude on the 
unphysical sheet, and 
finding it is the whole game.

• The pole position fixes mass and width; residues fix the couplings — model- and process-independent.

• Build amplitudes with the right analyticity, unitarity, and crossing; fit on the real axis, then continue onto the 
unphysical sheet to locate the pole.

• Sheet location distinguishes a genuine exotic from a cusp or threshold artifact.

This is what every JPAC light-meson analysis ultimately delivers: pole positions, not bumps.



T H E M E  1   ·   L I G H T  M E S O N S

JPAC/COMPASS analysis

Without π₁ Reggeon With π₁ Reggeon
• Backward/fast π
• top exchange connects: π⁻ → π⁻
• leading exchanges: ℝₜ = ℙ, f₂
• Odd spin exchanges are forbidden by Bose 

symmetry
• Forward / fast η⁽′⁾
• top exchange connects: π⁻ → η⁽′⁾
• allowed natural-parity isovector exchanges: ℝₜ 

= a₂, a₂′, π₁ where
• a₂: leading ordinary positive-signature
• a₂′: subleading ordinary positive signature 

exchange
• π₁: exotic negative-signature

Like Veneziano in duality, exotic Reggeon is there and it is dual to exotic  resonance and not to, for example meson -pomeron cuts. 

Can be produced via charge exchange, e.g.,  in 𝜋1
− 1600 Δ++ at  GlueX, CLAS12

12 / 29

see Saturday: Light meson 
spectroscopy at COMPASS 



L I G H T  M E S O N S   ·   P A P E R  1  O F  5

η⁽′⁾π photoproduction & the nature of exotic waves

arXiv:2510.14549 Jan 2026  ·  Montaña, Mathieu, Shastry et al. (JPAC)

A parameter-free Reggeized double-vector model that 

already reproduces CLAS — and predicts what GlueX will 
see.

• Double-vector exchange model with Reggeized ρ and ω trajectories.

• No free parameters — fully constrained by trajectories and known couplings.

• Reproduces the magnitude and t-dependence of CLAS data at Eγ = 5 GeV.

• Predicts stronger forward-backward asymmetry in η′π than in ηπ, matching 
COMPASS pion-beam data.

Gives the GlueX π₁(1600) search a controlled non-resonant baseline.



L I G H T  M E S O N S   ·   P A P E R  2  O F  5

π⁺π⁻ photoproduction beyond Pomeron exchange

arXiv:2406.08016 June 2024  ·  Bibrzycki, Hammoud, Mathieu et al. (JPAC)

The textbook Pomeron-dominance assumption breaks 

down at moderate momentum transfer — and now you 
know where.

• Detailed analysis of CLAS π⁺π⁻ photoproduction data in the ρ-mass 

region.

• Shows Pomeron exchange alone cannot describe data for |t| ≳ 0.5 
GeV².

• Identifies and quantifies the additional exchanges required.

• Tightens the description of a channel widely used as a GlueX 
calibration.

Any analysis using π⁺π⁻ as a reference channel now has a known, quantified systematic.



L I G H T  M E S O N S   ·   P A P E R  3  O F  5

Gauge invariance and Reggeization of pion exchange

arXiv:2407.19577 2025  ·  Montaña, Winney, Bibrzycki et al. (JPAC)

Foundational work: a Reggeized pion exchange that is 

gauge-invariant by construction.

• Reggeized pion is the dominant amplitude in charged-pion 

photoproduction at high energies.

• Must respect current conservation when coupled to a real photon — a 
long-standing subtlety.

• Proves the gauge-invariant amplitude for spin-J ≥ 2 even-spin t-
channel exchange is analytic at J = 0.

• Yields a Reggeized pion amplitude that is gauge-invariant and well-
behaved across kinematics.

Why it matters: Infrastructure that every downstream charged-pion photoproduction analysis rests on.



L I G H T  M E S O N S   ·   P A P E R  4  O F  5

High-energy polarized photoproduction of π⁻Δ⁺⁺

arXiv:2604.22719 April 2026  ·  Shastry, Bibrzycki, Mathieu et al. (JPAC)

Combining polarized SDMEs with cross-sections pins 

down both magnitudes and phases — and validates the 
framework.

• Regge model with π, ρ, b₁, a₂ trajectory exchanges.

• Simultaneous fit to GlueX SDMEs (Eγ = 8.2–8.8 GeV) and SLAC 

differential cross sections.

• Pion exchange dominates at small t; natural-parity exchanges grow at 

larger t.

• Extracted πNΔ coupling consistent with the Δ(1232) decay width — a 
clean closure check.

Demonstrates how SDME-driven analyses constrain phases that cross-sections leave free.

Spin density matrix elements vs |t|: model curves overlaid on GlueX 
data, showing the simultaneous fit across multiple SDMEs



L I G H T  M E S O N S   ·   P A P E R  5  O F  5

Finite-energy sum rules for π⁻p → π⁻ηp

PoS HADRON2025 March 2025  ·  Hammoud, Mathieu, Szczepaniak (JPAC)

Finite-energy sum rules tie the COMPASS ηπ partial 

waves to double-Regge exchange — an analyticity bridge 
for the hybrid search.

• FESR relate the low-energy ηπ partial waves to high-energy Regge 

behavior through Cauchy’s theorem.

• Double-Regge amplitude saturated by f₂ and Pomeron exchanges; a 
single-Regge form describes the COMPASS waves.

• Crossed-channel pion exchange supplies a left-hand cut alongside the 
unitarity right-hand cut.

• Lowest-moment (j = 0) sum rule constructed; numerical tests of the 
f₂f₂ model are underway.

An analyticity cross-check of the ηπ amplitudes behind the π₁ hybrid extraction.

Integration contour in the complex sηπ-plane: left- and right-hand 
cuts bounded by the cutoff Λ.



Summary

1
After a decade of building the theoretical machinery and training a community to apply it, 
we are finally positioned to use first-principles S-matrix theory to extract a precise, model-
independent determination of hybrid meson existence and properties directly from the 
data. 

2

3

And AI can accelerate this by handling the labor-intensive parts—deriving and cross-
checking constraints, generating and validating fit code, and exploring systematic 
variations—so the team's effort stays on the physics that matters.

None of this happens without people: we have to keep building the community that 
knows how to do this work, and we have to keep the dedicated spectroscopy programs



Thank you
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