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Axions and Dark Matter
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Pole inflation

a-attractor properties arise from a non-minimal coupling to gravity,
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which in the Einstein frame translates as a pole in the kinetic term
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Pole inflation
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Inflation happens for a vanishing Jordan frame potential

b =/6M, tanh( N )
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Inflation happens at the pole of the kinetic Einstein frame

5



1. KSVZ
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PQ violating terms

The PQ violating terms are crucial for the axion non-zero velocity,
but are constrained by the axion quality problem.



1. KSVZ
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The PQ terms drive inflation and are responsible for the SSB of the U(I)PQ
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2. DFSZ Pole
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DFSZ Scalar potential

Inflation and SSB of the U(1)
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DFSZ Scalar potential

Inflation and SSB of the U(1)
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Axion quality problem

After the
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we get the contribution
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Domain Wall Number

, so If PQ is broken after inflation we have a DW problem.

For comparison, for KSVZ models no DW problem.
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Mixed Higgs-PQ inflation

« Inflation happens around the pole)(2 = p2 + h12 + h22 — 6.

. The heavy angular direction A = — (1 + (z7)/{z;))n, + p0, is heavier
that the Hubble rate and can be decoupled

« We need (h,/p) # 0 and (h,/p) # 0 due to tadpoles.
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Non-trivial relations between the quartic couplings or vanishing / functions.
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Pure PQ inflation bounds
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. CMB normalization =>4, = 1.1 X 10~!! during inflation.

. PQ invariant mass term is bounded by | ug | < 1.4 X 10° GeV,
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Reheating
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Reheating temperature
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. We need |x;| S 10° GeV(£,/10° GeV) for EWSB => Ty ~ 10° GeV

+ A higher reheating temperature can be achieved through , S Ay ¢ S 10~/
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PQ symmetry restoration after reheating
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Post-inflationary Noether Charge

o |f , we never have early matter domination
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ma(0) (MeV)
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Results.

Condition for kinetic misalignment

T.) > 6H(T,,)O(T:) > 6H(T,.)

SC

Restoration of the PQ symmetry for large 7.,

For too low /__,, extra fields NOT decoupled
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Results.
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Domain walls
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 The PQ violating potential gives rise to a nonzero pressure AV = cAgCD x 10710
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e fOro ~ AéCD, there is no domain wall problem as long as ¢ 2 10_13,

. Domain walls never become dominant if AV 2
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A word on Iscocurvature

the power spectrum of the isocurvature perturbation depends only on ¥, i
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The large effective decay constant suppresses isogurvature perturbations.
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Summary

We built a consistent framework for the axion kinetic misalignment in the
DFSZ axion set up.

Inflation is driven by the radial direction.
The PQ violating terms induce the non-zero velocity.
We can reproduce the observed amount of Dark Matter.

Domain walls never dominate due to the pressure of the PQ violating terms.

Isocurvature perturbations are negligible due to a large fa,eff
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q, # 0 for PQ symmetry breaking
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Yukawa interactions
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Pure PQ inflation: decoupling
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Inflationary dynamics
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Post inflationary dynamics
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Post inflationary dynamics
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Reheating

After inflation, the inflation condensate oscillates around the minima

General equation of state
V$) ~ a, > |H| < /6M, q
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The particular dynamics depends on the value of m



