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What is Chiral Perturbation Theory ?

=> Low Energy Asymptotic Expansion of QCD

Zcmo (%)” + Z Cn,m (%)” e_b’mA/E + ...

) n,m

Complementary to the Asymptotic High-Energy Expansion in
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Remark of Asymptotic (Divergent) Expansions:
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However in realistic cases ¢ is fixed by the problem (e.g. ¢ = m; )
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Paradoxically

LO better than NLO better than NNLO ...




Chiral Perturbation Theory SU(N¢)L x SU(Nf)r
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Chiral Perturbation Theory @ Finite Temperature

capture analytic low-T dependence of QCD

equilibrium/static properties dynamical/time dependent properties

Imaginary Time formalism Real-Time formalism (Schwinger-Keldysh)

partition function —

pressure, energy/entropy densities, time dependent correlators —
equation of state, condensates dispersion/absorption corrections
(<gbar g>, top. susc., ...) thermalization rates

spatial correlators —

screening length, decay constants ...



Equilibrium/static properties
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Effects from heavy states
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Topological Susceptibility and #-dependence

The QCD axion, precisely
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Range of validity

Naively yPT seems good up to 7'~ 2 f ~ 200 MeV

T. ~ 150 MeV deconfinement — no mesons? (crossover ...)

AsT - T, (Qq) — 0 — pions strongly coupled ( f, = 0)

T? T2 .
(2f-)2 — BF. (T2 — breaking @ T~ f, < T,




Range of validity

(EFT of QFT) @ Finite T = EFT of (QFT @ Finite T)

Ne_A/T A;AQOD;TC;H-

analogous to Debye mass in QED — Euler-Heisenberg



Dynamical Properties
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4 Pion Dynamics at Finite Temperature
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pole condition in pion propagator:
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worse convergence in real time:
7-t scattering with total Vs
~ 2(m +2T) ~ 0.6 GeV for T ~ 60 MeV
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Breakdown of chiral perturbation theory for the axion hot dark matter bound
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Conclusions

ChPT provides low-T asympt. expansion of QCD
Many observables computed at higher order

Expansions breaks at 7' ~ f,, ~ T, (as naively expected)
How close to T, depends on observable (extra care needed for real-time obs.)

Since m, ~ f, thermal corrections fastly converge at low T

Thank you!
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