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Dark matter

- Non thermal DM production mechanism
- DM abundance depends on initial conditions

 when were axions born?

pions, hadrons axions
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Dark matter

- Non thermal DM production mechanism
- DM abundance depends on initial conditions

            when were axions born?

- Two basic scenarios

scenario A : inflation happens AFTER 
                      PQ phase transition

scenario B : inflation happens BEFORE 
                     PQ phase transition
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- Homogeneous initial condition 
✓(t0, x) = ✓I

- Equations of motion

QCDUniverse Expansion rate

SM model only plasma H /
p

g(T )T 2

Borsanyi et al, Nature 539 (2016)
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- Homogeneous initial condition 
✓(t0, x) = ✓I

- Equations of motion
✓̈ + 3H ✓̇ + �(T ) sin ✓ = 0
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- Homogeneous initial condition 
✓(t0, x) = ✓I

- Equations of motion
✓̈ + 3H ✓̇ + �(T ) sin ✓ = 0
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- Absolute uncertainty, any mass has an 

DM in SCENARIO A ⌦DMh2 = ⌦ah
2 = 0.12
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- Axion DM scenarios

oktuned (anthropic?) tuned

SCENARIO A

Axion dark matter scenarios

Initial conditions set by : 
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SCENARIO A ⌦DMh2 = ⌦ah
2 = 0.12

- Random initial conditions, no     uncertainty
- Uncertainty here is the axion radiation from strings/walls
- Split ...
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SCENARIO A ⌦DMh2 = ⌦ah
2 = 0.12

- Spectrum is red Hiramatsu et al, PRD85 (2012)
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SCENARIO A ⌦DMh2 = ⌦ah
2 = 0.12

⌦ah
2 = hi+

Z
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-        and       measured from fluffy strings
- no hom. patches in the simulation
- assume strings do not interact after being radiated ...

- alternatively one can compute            directly from simulations
     Moore et al get ma ⇠ 18µeV

fa,sim ⇠ 10�30fa⇣ !

⌦ah
2



- Axion DM scenarios
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Inflation smooth
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Dark matter density, inhomogeneous at comoving mpc scales

minicluster seed!



but homogeneous at large scales
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SCENARIO A, N>1, Domain Walls stable-> cosmological disaster
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SCENARIO A, N>1, break slightly degeneracy (quantum gravity?)
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Comparison with experimental target areas

osc. EDM

MAD
MAX

Atomic 
transitions?

5th forces?

ADMX
CULTASKLC



Thank you!!!


