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The QCD Axion Solution Peccei Quinn ‘77
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QCD Axion Mass
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Axions Searches
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Axion DM



Cosmic Evolution of Axions




Cosmic Evolution of Axions




Scenario #1: (T, H) < f,
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Scenario #1: (T, H) < f,
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Scenario #1: (T, H) < f,
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Scenario #2: T (or H) > f,




Scenario #2: T (or H) > f,
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Scenario #2: T (or H) > f,
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U(1) restoration

No initial 6 dependence
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. ‘ Complex non-linear evolution



‘ Complex non-linear evolution
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> Complex non-linear evolution
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free strings

string recombination



free strings
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Numerical Simulation
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The Bottle Neck
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The Scaling Solution is an Attractive Solution
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String Velocity Distribution
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Axion Spectra VS Axion Number
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Axion Spectra VS Axion Number
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Axion Spectrum
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Axion Spectrum
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1.2

Running of the Spectral Index @ 4k
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Implications for Axion Abundance
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Conclusions:

* Attractor solution established in simulations

* Clear Log-violation of scaling properties observed

* Axion Spectrum is UV dominated but evidence from non-trivial evolution
* High precision required for reliable extrapolation

* More To Come!
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Axion, String and Radial Energy Budget
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Axion Number Density
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Axion Number Density — Extrapolation
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Axion Number Density — Extrapolation
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Axion Number Density — Extrapolation
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Axion Number Density — Extrapolation

10%
1000}

100

HiE 1

Ve

1 L simulation

0.1f

1072

10 20

log(m,/H)



Axion Number Density — Extrapolation
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Axion Number Density — Extrapolation
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Axion Number Density — Extrapolation
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Finite Volume
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String Screening
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Scaling Solution vs Initial Conditions
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the QCD axion: and its EFT
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f the QCD axion: and its EFT
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the QCD axion: and its EFT
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the QCD axion: poftential
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the QCD axion: the mass @NLO
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the QCD axion: the mass @NLO
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the QCD axion: the mass @NLO
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the QCD axion: the mass @NLO
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the QCD axion: the mass @NLO
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the QCD axion: the mass beyond NLO
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Finite Temperature QCD Axion Mass
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