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Hadron spectroscopy
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Non-perturbative dynamics: Lattice QCD
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Quark model rev.) PDG

QCD spectrum at physical masses

9”6 6”6 ﬁs‘;sﬁs Bc B

200 7 —T— T
o - - _
2000 |- — - . -
. - e B mesons offset by —4000 MeV g
Comparison:
Z . wm
LQCD (symbols) "¢ - o u. 42 -
. _ O - . T ot ‘Pﬂ ]
Experiment (lines) = | 4 T _
1000 |- o —
_ — F%— b _
# — -
500 |- oo = —
ol mf" I R N N NN A MR NN SR | |
Tt P K K n n’ W ¢ N A 3 = A 3 = Q2

CIPANP - Madison Wi 2025 - 06 - 11 A



QCD spectrum at physical masses

Experimental data: 1 .
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Peldez, Rodas 2010.11222] Good agreement with experimental values!
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Spectrum in a finite volume torus

(m, L|H|m, L) = my + O(e~™1) (n, L|H|n, L) = E,(L) > 2m.,
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Strong interaction for r > 1 ~ e ="

Is the FV spectrum related to scattering amplitudes?
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Commun.Math.Pnhys. 105, 153 (1986) and extensions

| ischer formalism
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https://arxiv.org/abs/1203.3642

T
Finite volume spectrum extraction

Comprehensive set of operators:

Cij(t) = <0i(t)0§(0)> =z zre ot
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Woss et al. (HadSpec) 2009.10034
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Travis et al. (HadSpec) 2405.15741
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Summary and outlook

e Scattering observables can be accessed from LQCD:

o Multiple two-meson channels.

e Physical quark mass calculations.

e Three-hadron scattering.

Inclusion of left-hand cut effects.

e Coupling of electroweak currents to resonances

e Predictions of production rates, neutrino scattering, ...

e Study of internal structure of resonances. o

fR—>R
[Ortega-Gama et al., 1812.10504]
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Extra slides
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Ortega-Gama et al. (HadSpec) 2407.20617
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Resonances in scattering amplitudes M(s) =

e Unitarity: Im(/\/l_l) — —p (two-particle phase space) s . Energy squared of
\i the hadron pair
p X /8 — St
ONANAANAA

o Causality: analyticity in Sheet [

Resonances
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