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Outline of this talk

e Holomorphic cutting rules for classical kinetic theory [Phys. Rev. D 103 (2021) 1091302

e From unitarity to quantum statistics [Fur. Phys. J. € 81 (2021) 1050]

e Anomalous thresholds and thermal masses [Fur. Phys. J. € 82 (2022) 214]
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Holomorphic cuts and the classical Boltzmann equation

Change in # of particles <> average # of their interactions
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From unitarity to quantum statistics
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Anomalous thresholds and thermal corrections
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Anomalous thresholds and IR finiteness
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Sum up to IR finite result for (pN + p@)2, (pN + pt)2 < 2M]2V.

[Blazek, Matak 22, compare to Czarnecki, et al. ’1:
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What else can be done?

e Resonances beyond narrow-width approximation with no double counting [Matak 24,
see also Tkachov 98|
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e ('PT and unitarity constraints at finite-temperature [Blazek, Matdk, Zaujec 22]
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The collision term for the Boltzmann equation is obtained as Tr [a;ap (p — p’)] /Vy.

McKellar, Thomson ’94, Blazek, Matak ’21b]
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Summary

e Unitarity may help in calculating reaction rates for the Boltzmann equation.
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e Completing diagrams by all possible winding numbers accounts for quantum
statistics.

e Anomalous thresholds approximate thermal-mass effects in lower-order process
kinematics.
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