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Axions and the lattice
Introduction and statement of the problem

Biagio Lucini

Adapted from G. Aarts et al, Phase Transitions in Particle Physics - Results and

Perspectives from Lattice Quantum Chromo-Dynamics, 2301.04382 [hep-lat]
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Axion mass and topological susceptibility
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QCD Action Locp = Lo+ Ly + L,
' iolati Lo = —9 Tr (GHYG*?)
Emerging CP-violating term 0= 353 €Euvpo
1 9 a
Axion action Lo = 5((%@)(8 a) + —q(z)
fa!
CP-violating term cancelled from the condensation of the axion
. {(Q%)
Dynamically generated mass m§f§ = lim — X
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Determination of ¥

In the chiral limit, x can be calculated using ChPT:

At (very) high temperature, one can use the Diluted Instanton Gas
Approximation (DIGA):

x(T) oc T~

Lattice calculations enable first principle determinations of x in the
region of temperatures above T,
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Cosmological evolution of the axion field w7 e
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A non-perturbative determination of x at finite temperature is needed
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Topology on the lattice

Compute x from Q using the definition X =
Naive discretization of q replaces F -> Im(U) in the continuum formula

Better control on lattice artefacts using the clover leaf definition

Cr() = 5 { Ua@)Un( + DU + )L (@) + U (UL + 7 = DU — i)V — )+

+Ul(z — Uz =0 — U, (z— 0 — QU (z — D) + Ul (x — D) Uy (z — D)Upu(z — 0 + p)UJ(z) — h.c. }
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Topology on the lattice - Continued WL e
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Lattice topological charge density defined as

1
- 3272

qr () e""P7Tr Cpy (2)Cpo ()
Technical points:

 Ultraviolet fluctuations need to be tamed (e.g., using the Gradient
Flow)

* A sensible prescription to project Q onto integers need to be used
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Computational challenges e —
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e X proportional to quark masses === large statistics needed for
accurate determination in the chiral limit (and sensitive to lattice
artefacts due to fermion discretization)
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* Q highly suppressed at high temperature === the computational cost
gets significantly worse as they increase

* Finite size effects at high T (constant number of sites as B increases)

* Topological freezing towards the continuum limit



