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Exotic Hadrons

Many states in the hadron spectrum do not ‘fit' the conventional quark model picture
* e.qg., Spin-exotic states
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Exotic Hadrons

Many states in the hadron spectrum do not ‘fit' the conventional quark model picture

e.g., spin-exofic states
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Exotic Hadrons

Many states in the hadron spectrum do not ‘fit' the conventional quark model picture
* e.qg., Spin-exotic states
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Exotic Hadrons

Many states in the hadron spectrum do not ‘fit' the conventional quark model picture
* e.g., flavor/crypto-exotic states
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Exotic Hadrons

Many states in the hadron spectrum do not ‘fit' the conventional quark model picture
e.d., flavor/crypto-exotic states
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Exotic Hadrons

Observation of O(100) of these states — Modern Hadron Spectroscopy

* Use rigorously analysis frameworks to study reactions/spectrum
* Build reliable phenomenological models to gain insight into nature of hadrons
» Systematically connect observed hadrons to QCD
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ExoHad

The Exotic Hadrons (ExoHad) Collaboration was formed in 2023 to explore exotic hadrons

Lattice QCD Phenomenology

Amplitude Analysis
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ExoHad

Phenomenology

See J. Pickett, Fri. 2:20pm
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ExoHad

Lattice QCD

Amplitude Analysis
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Amplitude Analysis

Key concept — use fundamental S matrix principles to constrain amplitudes

Allows for unbiased amplitude construction
Can determine spectrum via analytic continuation
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Amplitude Analysis

Photoproduction of 77z~ from CLAS data

,Y(QJ AQ) 7T+(]€1) fY(qa >‘Q) 7T+(k1)
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L. Bibrzycki et al.,
Phys. Rev. D 111 (2025) 014002
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Amplitude Analysis

Photoproduction of 777~ from CLAS data supports JLab experiments

E., = 2.8 GeV, Ballam et al., 1972

v(q, Ag) 7T+(k1) (g, Ag) 7T+(]€1) E, = 3.4 GeV, CLAS, 2009
E, =4.7 GeV, Ballam et al., 1972
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Amplitude Analysis

. Direct contribution Indirect contribution
Photoproduction of J/y at GlueX
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contribution of intermediate open-charm states is significant



Amplitude Analysis

Developing amplitude formalisms for three-body processes

Mz = M{ Ryr
JP

K matrix representation is set of integral equations
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Amplitude Analysis

Developing amplitude formalisms for three-body processes
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Lattice QCD

Numerical technique to systematically compute hadronic observables from QCD
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Lattice QCD

Scalar resonances and crossing constraints
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Lattice QCD

Pion/Kaon Vector Form-Factor
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Lattice QCD

Pion/Kaon Vector Form-Factor
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See F. Ortega-Gama, Sat. 5:00pm

F. Ortega-Gama, J. Dudek, R. Edwards,
Phys. Rev. D 110, 094505 (2024)

O I = I I 4 o FH
(5fK —677)/° | _ | @ o -
() et ——————
_50 ] : T T T T
12 14 16 18 20 s/m



Lattice QCD

Three-body applications — 377, 3K, n77n K+, KTK 7"
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Lattice QCD

Three-body applications — 377, 3K, n77n K+, KTK 7"
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Lattice QCD
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Three-body applications —

D
JT

S. Dawid, F. Romero-Lopez, S. Sharpe,
JHEP 01 (2025) 060
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Summer School and Workshop on Multiparticle Reactions

Multi-Particle Reactions from the Standard Model: spectroscopy, precision tests and beyond

School — https:/Iconferences.lbl.gov/e/multi_school
Workshop — https://Iconferences.lbl.gov/e/multi_work

Topics include:

Berkeley

. UNIVERSITY OF CALIFORNIA
Scattering theory
Effective field theories LY s
Ab-initio methods for light and medium nuclei g

Fundamental symmetries
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