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Misalignment Mechanism: Scalars
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Late timeEarly time

Hubble friction dominates Field value is “stuck” Oscillations begin Field value redshifts

Energy density is also “stuck” Energy density scales like matter

Preskill, Wise, Wilczek 1983
Abbott, Sikivie 1983
Dine, Fischler 1983
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Why Rotation?
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Large field value :

Angular motion :

Initial condition

Explicit PQ breaking
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expected from quantum gravity
or PQ as an accidental symmetry

Dynamics analogous to that in Affleck-Dine baryogenesis

S. Giddings et al. 1988, S. Coleman 1988, G. Gilbert 1988, D. Harlow et al. 2019
R. Holman 1992, S. Barr 1992, M. Kamiokowski 1992, D. Dine 1992



Asymmetry of PQ Charge

R. Co Michigan

PQ asymmetry
PQ charge density =   Rotation of PQ field

nPQ = iP Ṗ ⇤ � iP ⇤Ṗ
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PQ charge is conserved soon after the onset.

Noether charge associated with the shift symmetry
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PQ Field Evolution
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Thermalization Redshift

PRL 124, 111602 (2020) RC and K. Harigaya
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Kinetic Misalignment Mechanism

(Misalignment + non-zero kinetic energy)

arXiv:1910.14152 RC, L. Hall, and K. Harigaya
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Kinetic Misalignment Mechanism

(Misalignment + non-zero kinetic energy)

arXiv:1910.14152 RC, L. Hall, and K. Harigaya
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Kinetic Misalignment Mechanism

delaying usual Tosc until KE = PE
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Kinetic Misalignment Mechanism
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Kinetic Misalignment Mechanism

Why such a large angular speed?
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Kinetic Misalignment Mechanism
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Axiogenesis

(QCD axion + baryogenesis)

PRL 124, 111602 (2020) RC and K. Harigaya
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For T > TEW ,
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For T < TEW , the baryon asymmetry is frozen
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At T < TEW , the baryon asymmetry is frozen

Baryon asymmetry fixes rotational speed
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▪ QCD axion
(0) Misalignment mechanism

(1) Parametric resonance

(2) - Kinetic misalignment mechanism

- Axiogenesis

Storyline
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< 
fa ~ 106 GeV - hadronic axion window?

It seems to have been closed.

PRL 124, 111602 (2020) RC and K. Harigaya
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< 
TEW ~ TeV ?

New physics at colliders!

PRL 124, 111602 (2020) RC and K. Harigaya
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< 
CB ~ 100 so CW ~ 1000 ?
Kim-Nilles-Peloso mechanism (clockwork axions)!

PRL 124, 111602 (2020) RC and K. Harigaya
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Tth = thermalization temperature of saxions
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Conclusions
ü Axiogenesis allows the QCD axion to simultaneously explain 

ü the Strong CP problem
ü the dark matter abundance
ü the baryon asymmetry 

ü Possible signatures: 
ü QCD axion searches
ü TeV-scale new particles
ü dark matter ultracompact minihalos

ü New model building opportunities 
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Thank you!

Happy birthday to Horst Störmer!
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