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Characterization of hadrons (Lattice QCD)  twess et al 2009 10034
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e Masses and decay widths
e Couplings to hadronic decay channels

e Couplings to electroweak currents
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Study of resonances
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Structural information
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Timelike q° > 0

Production mechanisms
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Resonant meson form factors

Hadronic two-to-two WOt Ot Production amplitude

Scattering amplitude Transition amplitude with hadronic final state
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Resonant meson form factors
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https://arxiv.org/abs/1203.3642

[Meyer (2011) 1105.1892]

TWO— h ad d ron prO d U Ct | on [Lellouch, Luscher (2001) hep-lat/0003023]

(O0;(t)TH*(0)) = )  (n|T*(0)|0) Z* e Fn! TN
n=0 | \\E\E\
E;*(L) NN
\\
=
NONUON NN\
1
2
| (n|T(0)]0)]" = 75 f(s) " Rn - f(s)
S
e Lellouch-Liischer factor
L E — En Normalization of f —
Rn — Eli{%n F_1 —|—./\/l dynamic FV state

& rescattering effects

Multi-particle 2025 - UC Berkeley 29-Jul-2025 6



| attice QCD form factors workflow
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[Ortega-Gama et al. (HadSpec) 2407.20617]

Matrix elements of excited states
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Previous pion timelike ff [Feng et al. 1412.6319]

Pion form factor extraction attice calculations  [Andersen et al. 1808.05007]

[Erben et al. 1910.01083]
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Unitarity and Watson's theorem

Im w\( — Z Imfe =Y  fapnMi,

Elastic solution:
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Analyticity is not guaranteed Dispersive solution satisfying unitarity and analyticity
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Pion vector form factor
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Timelike form factor above KK threshold
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[HKZ (2017) 1710.00824]

p meson decay constant

Decay constant normalization
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[Radhakrishnan et al. (HadSpec) 2208.13755]
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[Leskovec et al. 2501.00903]
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Summary and outlook

The extraction of form factors of resonant states complements the determination
of their masses and widths. -

4 Transition amplitudes. X

M Timelike form factors in coupled channel region. \N‘(

Future LQCD calculations of transition amplitudes:
1 Non-resonant channels.

] Conventional resonances, eg. o decaying to 7.

] Exotic resonances, which typically decay to multiple channels.
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e 17 elastic levels

S pectra . 15 above KK threshold
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Matrix elements
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