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Kination (Axion Kination)



The story in Pictures
Explicit breaking of PQ symmetry sources fast axion rotation

• Complex PQ scalar field 

• High-dim operators explicitly break PQ symmetry

• Induces axion rotation, giving the axion “angular momentum”

Credit: Raymond Co and 
Keisuke Harigaya



The story in Pictures
Conservation of charge dictates cosmology

• Rotation of PQ field corresponds to PQ charge 

• Scaling of energy density and rotational charge fixes 

• Thus for P >> fa  the energy density scales like matter



The story in Pictures
Conservation of charge dictates cosmology

• As P -> fa  comoving charge conservation implies 

• Thus the energy density scales as

• Thus once the field rotates near the minima, energy density scales as kination 



The story in pictures
Matter followed by Kination



The story in pictures
Matter followed by Kination
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High scale axion kination - baryogenesis
• Axion rotations source chiral asymmetry which sources baryogenesis 

(spontaneous baryogenesis)

Axiogenesis, Co and Harigaya

Lepto-axiogenesis



High scale axion kination - DM production
DM production comes from parametric resonance or KMM

• Parametric Resonance from saxion oscillations can produce 

• However axions produced are warm and warmness constraints apply

• Kinetic Misalignement mechanism



Quadratic Potential
Results



Signatures of high scale kination
Enhancement of gravitational waves

• Gravitational waves produced from inflation have a flat spectrum.

• Modes outside horizon are frozen, behave like radiation upon horizon entry

• However during matter and kination dominated era, radiation density fraction 
is much smaller enhancing GW spectrum 



Signatures of high scale kination
Enhancement of gravitational waves - Inflation



GW Waves
Enhancement of Gravitational Waves - Cosmic Strings



Low Scale Kination
H0 tension

There is a disagreement between local measurements and CMB 
measurements of H0 (see Tristan’s talk)

• Like EDE, a small amount of axion kination around recombination helps 
alleviate the Hubble tension

• Reduces H0 tension without increasing S8 tension



Conclusion
Why is Axion Kination Cool?

• Explicit breaking of PQ  symmetry sources fast axion rotation.

• Can explain strong CP problem, neutrino masses, baryogenesis and dark matter

• Axion rotations can induce a modified cosmology, giving rise to early matter 
domination followed by kination

• Modifies matter power spectrum, gravitational waves spectrum providing a unique 
signature that will be probed by future experiments.

• Can reduce H0 tension without increasing S8 tension

• First “reasonable” model for Kination

• Feature of early matter domination, followed by Kination gives unique signature

• Exit from matter domination without entropy production.


