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great  opportunity



How to Produce an Axion Population 

thermal

parametric resonance

topological defects decay

particle decay

misalignment mechanism

model 
dependent

model 
independent
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Axion-Saxion Coupling

ℒkin ⊃
1
τ2

(∂τ)2 +
1
τ2

(∂θ)2

T = τ + iθ
V ⊃ Λ e−aτ (1 + cos(aθ))
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Parametric Resonance

ϕ(t) = ⟨ϕ⟩ +
Δϕ

t
cos(mϕt)

χ(t, ⃗x) = ⟨χ⟩ + δχk(t, ⃗x)

ℒ ⊃ −
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ϕϕ2 − gϕ2 χ2 −

1
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m2
χ χ2

m2
χ,eff(ϕ) = m2

χ + 2gϕ2
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Parametric Resonance

··χk + (k2 + qF(t)) χk = 0
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Hill equation
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Hill equation

comoving occupation n.
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Re(μk) > 0



Parametric Resonance in String Inflation
[Leedom, Putti, NR, Westphal to appear]
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V ⊃ Λ e−aτ (1 + cos(aθ))



Parametric Resonance in String Inflation

··χk − 2β
Δτ
⟨τ⟩

·χk sin(mτt) + (k2 + Λae−a⟨τ⟩ (⟨τ⟩ + Δτ cos(mτt)) e−aΔτ cos(mτt)) χk = 0

τ ≃ ⟨τ⟩ + Δτ
1
t

cos(mτt)
θ(t, ⃗x) = ⟨θ⟩ + δθ(t, ⃗x)

resonance parameter q

q = 4aΔτ
m2

θ

m2
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1
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[Leedom, Putti, NR, Westphal to appear]
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Parametric Resonance: Observables

dark radiation: ma ≲ 10−31MP contribute to   as  Neff ΔNeff

dark matter
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10−11MP ≤ mθ ≤ 10−5MP10−38MP ≤ mθ ≤ 10−31MP



dark radiation: ma ≲ 10−31MP contribute to   as  Neff ΔNeff

dark matter Ωθ =
mθ nθ(a0)

ρc
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ma ∼ 10−7Mp

Parametric Resonance: Observables
[Leedom, Putti, NR, Westphal to appear]
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dark radiation: no appreciable contribution  ΔNeff ∼ 10−6

dark matter
Ωθh2

0.12
≫ 1

ma ∼ 10−7Mp

Parametric Resonance: Consequences
[Leedom, Putti, NR, Westphal to appear]

q = 4aΔτ
m2

θ

m2
τ (1 −

1
a⟨τ⟩ )

Application: fibre inflation
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very poor production of dark radiation
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