—— "~ —— Universitit
Miinster

Probing Axion Inflation via
Gravitational-Wave Production

Richard von Eckardstein

Institute for Theoretical Physics, University of Miinster

—

Collaborators:
K. Schmitz, O.Sobol —

25th of April, 2025

living.knowledge 19. Kosmologietag



== = Universitat . . . . . .
Miinster Gravitational Waves from Axion Inflation Richard von Eckardstein

Gravitational waves sourced by primordial gauge fields

Gravitational waves are sourced by anisotropic stress of the matter content
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— primordial gauge fields source gravitational waves:

M = —(EiE; + BiB;)
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Gauge-field source: Axion Inflation

What is Axion inflation?
» pseudoscalar-inflaton field ¢
> parity-odd axion-gauge-field coupling: £ O ¢FF
> axion velocity || > O — helical gauge-field production
» non-linear dynamics from gauge-field backreaction onto inflaton
dynamics
Why should | care?
» magnetogenesis, BAU, PBH formation, effective reheating . . .

» gauge-field induced gravitational waves
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Gravitational waves: the simplest model

» changing coupling strength: » changing inflation scale:

Varying inflation scale for fixed coupling
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Maximal amplitude near insensitive to parameters — conflict with AN_¢!
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Introducing charged fields: Schwinger pair creation

So far “sterile” gauge-field: no coupling to charged fields
» realistic gauge-fields couple to fermions
» particularly: U(1)y — coupling to SM fermions!

Strong EM fields from axion inflation — Schwinger pair production
» continuous Fermion production during axion inflation
» energy-transfer from gauge fields to fermions
— damping of gauge-field production

avoid overproduction of gravitational waves!
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Gravitational waves: including Schwinger pair creation

» U(1)y vs. “sterile” U(1) » Increasing the coupling strength
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Detectable signal across frequencies
& no conflict with AN«!
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Conclusion

What | briefly mentioned:
primordial gauge-fields — source of gravitational waves
Axion inflation — helical gauge-field production

“sterile” axion inflation — overproduction of GWs (or not observable)
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“SM” axion inflation — detectable GWs across frequencies!
What | did not have time for:

my technique to solve non-linear dynamics of axion inflation
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the modelling of Schwinger pair creation
» the method to compute the tensor power spectrum
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