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® Signatures of hadrons 1n data
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- Patterns 1in mass/ spin
® Theoretical description

- Complex energy plane singularities

* Interpretation

- Constituent quarks, exotica
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3-Body Phenomenology
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* Many Resonances decay to 3-particles @ 77_
- New high-statistics experimental results ‘ @
- Advancements in Lattice Formalism /
0

® Signatures of new resonances
- High-Precision PWA of 37 yields
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Scattering Phenomenology

®* Model independent constraints - S-matrix theory
- Unitarity, Analyticity, Crossing, and Poincaré Symmetry
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Scattering Phenomenology

®* Model independent constraints - S-matrix theory

- Unitarity, Analyticity, Crossing, and Poincaré Symmetry
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Scattering Phenomenology

®* Model independent constraints - S-matrix theory
- Unitarity, Analyticity, Crossing, and Poincaré Symmetry
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Amplitude Analysis
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Scattering Phenomenology

®* Model independent constraints - S-matrix theory
- Unitarity, Analyticity, Crossing, and Poincaré Symmetry
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Scattering Phenomenology

®* Model independent constraints - S-matrix theory
- Unitarity, Analyticity, Crossing, and Poincaré Symmetry
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Scattering Phenomenology

®* Model independent constraints - S-matrix theory
- Unitarity, Analyticity, Crossing, and Poincaré Symmetry
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3—3 Scattering

® Consider the elastic scattering 123—123
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3—3 Scattering

® Consider the elastic scattering 123—123
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3—3 Scattering

® Consider the elastic scattering 123—123
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3—3 Scattering

® Consider the elastic scattering 123—123
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3—3 Scattering

® Consider the elastic scattering 123—123
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3—3 Scattering

. . D' ted C ted
® S-matrix decomposition 1eonneete onnecte
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Partial Wave Decomposition

e Partial wave expansion of 3 — 3 elastic amplitude

- Remove angular dependence — 3 Energy variables

Pair-Spectator Amplitude
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Isobar Model

e Assume sum over pair-wise interactions = Isobar-Spectator amplitudes
- Partial wave expansion truncated
- Leads to complicated sub-channel energy-dependence
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g.k 7.k
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Amputation

* Imaginary part of Isobar-Specator amplitude

'S O S

e Use unitarity for partial wave 2—2 amplitude @ = @@
- Factorize the 2-particle sub-channel denominators
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Amputated Isobar-Spectator Unitarity

e PWIS Unitarity Relations

w A. Jackura, Indiana University and the Joint Physics Analysis Center



Amputated Isobar-Spectator Unitarity

e PWIS Unitarity Relations

2Im
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Amputated Isobar-Spectator Unitarity

e PWIS Unitarity Relations
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B-Matrix Parameterization

M. Mai et al. [JPAC],
Eur. Phys. J.A53 (2017) no.9, 177

e Unitary parameterization of PWIS amplitude

Avkj — Bkj =+ Z/BknTnAvn]

D <>~

® B-Matrix composed of OPE and Contact
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Bubbles, Triangles, and Boxes

¢ [Ladder summation of exchanges

e.g. OPE driving term »’413 — [1 — ICll ) 7-1]_1513
+M .

* Analytic properties of OPE, bubble, triangle, box

7< I

Triangle Bubble
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One-Particle Exchange

® OPE = Driving term for ladder summation
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One-Particle Exchange

® OPE = Driving term for ladder summation
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One-Particle Exchange

® OPE = Driving term for ladder summation
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Analytic Structure
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Analytic Structure
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Tri ang le D i agram L.J.R. Aitchison and R. Pasquier

Phys. Rev. 152, 4 (1966)
® Triangle diagram - Comparison to off-shell amplitude

- Imaginary parts equal, difference in the real part
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Outlook and Future Directions

¢ 3—3 unitarity relations within the 1sobar model Ay et ar [JPAC] - In Preparation
- Spinless external particles

- Finite number of 1sobars with spin

® B-matrix parameterization
- Satisfies unitarity
- Numerical test underway to determine feasibility of solution
- Studying behavior when analytically continued

® Analytic Extensions
- Can we use the B-matrix to write dispersive representation?
- Continual Investigation into OPE, Box, Triangle, Bubble
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Kinematics

F-IRS;3 Frame
I-IRS; Frame

Isobar Formation Isobar Decay

CMS Frame 21
Isobar-Spectator Scattering
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Unitarity Relations

Disconnected 2—2 Unitarity Relation
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Unitarity Relations

Disconnected 2—2 Unitarity Relation

Connected 3—3 Unitarity Relation

2 Im
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Unitarity of B-Matrix
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