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Gravitational waves constrain Axion-like inflation
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m Efficient reheating while shift symmetry protects flat potential

= Natural model for inflation
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m Efficient reheating while shift symmetry protects flat potential

= Natural model for inflation

m Abelian case: Preheating can overproduce gravitational waves (GW)

= ANeg too large (cf. arXiv:1909.12842)
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Gravitational waves constrain Axion-like inflation
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m Efficient reheating while shift symmetry protects flat potential
= Natural model for inflation
m Abelian case: Preheating can overproduce gravitational waves (GW)

= ANeg too large (cf. arXiv:1909.12842)

What about non-Abelian case?

Philipp Klose Warm axion-like inflation GWB Particle Production Workshop 1/6


https://arxiv.org/abs/1909.12842

Non-Abelian gauge bosons can thermalize

m Efficient ¢ — gg decays can sustain non-diluting heat bath

m Thermalizing gauge bosons = Warm inflation:

b+3HO+ Vy= —To
é+3H(e+p)= +Mp> +T(0:+3H)Vr
N——

R R TV
¢—gg friction  thermal potential
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Non-Abelian gauge bosons can thermalize

m Efficient ¢ — gg decays can sustain non-diluting heat bath

m Thermalizing gauge bosons = Warm inflation:

b+3HO+ Vy= —To
é+3H(e+p)= +Mp> +T(0:+3H)Vr
N——

TV
¢—gg friction  thermal potential

No preheating = qualitatively different GW background
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Master formula for warm inflation GW production

Primordial tensor perturbation power spectrum:

te
H2
Pr(k) = 3QG§ + (326)2k3/dt’Ai(te,t’)nk(T(t’))
vacuum fluctuations thermal fluctuations

Our work:
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Master formula for warm inflation GW production

Primordial tensor perturbation power spectrum:

te
H2
Pr(k) = 32G§ + (326)2k3/dt’Ai(te,t’)nk(T(t’))
vacuum fluctuations thermal fluctuations

Our work:

m We derive formula combining vacuum with thermal fluctuations

m We show universal o f3 scaling of modes that exit horizon
(including LISA frequencies f < 10" Hz)
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Minimal Axion-like warm inflation

m Rate MM, (T(t)) is only model-dependent ingredient
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Minimal Axion-like warm inflation

m Rate MM, (T(t)) is only model-dependent ingredient

m LISA frequencies: limy_,o M, = nT measures shear viscosity  oc T"

= Known + strong T dependence (cf. arXiv:2201.02317)
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Minimal Axion-like warm inflation

m Rate MM, (T(t)) is only model-dependent ingredient

m LISA frequencies: limy_,o N, = nT measures shear viscosity n oc T"

= Known + strong T dependence (cf. arXiv:2201.02317)

We fix T evolution in minimal setup:

m QCD-like gauge group, no fermions

m Cosine potential V1 = (mg + m%)f2 (1 — cos 9/f,))
= CMB constrains benchmark point:

—6 & =17 -9
f = 1.25my, m = 1.09-10""my, = Tmax ~ 5-107"my
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Small T, implies no GW overproduction
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m Higher temperatures possible in non-minimal Axion-like models

(cf. arXiv:2303.17973 / arXiv:2406.10345 )
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https://arxiv.org/abs/2406.10345

Summary and Outlook

m Warm inflation GWBs exhibit universal o< f3 scaling

+ strong Tmax dependence
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Summary and Outlook

m Warm inflation GWBs exhibit universal o< f3 scaling

+ strong Tmax dependence
m We identified benchmark point for minimal axion-like warm inflation:
fp = 1.25my m=1.09-10"°m,

.. . gx=17 —9
= Realistic estimate Tmax ~ 5-107"my,
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Summary and Outlook

m Warm inflation GWBs exhibit universal o< f3 scaling

+ strong Tmax dependence
m We identified benchmark point for minimal axion-like warm inflation:
fp = 1.25my m=1.09-10"°m,

.. . gx=17 —9
= Realistic estimate Tmax ~ 5-107"my,

m No GW overproduction in this model
(reheating contribution checked in arXiv:2201.02317)
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Summary and Outlook

m Warm inflation GWBs exhibit universal o< f3 scaling

+ strong Tmax dependence
m We identified benchmark point for minimal axion-like warm inflation:
fp = 1.25my m=1.09-10"°m,

.. . gx=17 —9
= Realistic estimate Tmax ~ 5-107"my,

m No GW overproduction in this model
(reheating contribution checked in arXiv:2201.02317)

m Higher Trax possible in non-minimal models
(see also arXiv:2303.17973 / arXiv:2406.10345)

m Future prosect: Out-of-equilibrium fluctuations
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Thank you for your attention!
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