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Timeline of the axion theory

e Strong CP problem (QCD does not violate CP)
— (g
»Cstrong,CP — Q%TI (EMBM)

with 9 < 107 (measured electric dipole of the neutron)
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Timeline of the axion theory
e Strong CP problem (QCD does not violate CP)
»Cstrong,CP — @;—;Tr (EMBM)

with 9 < 107 (measured electric dipole of the neutron)

e |977 Peccei and Quinn (PQ) solution, new U(I)

Peccei & Quinn, PRL 38 1440 (1977)

e |978 Axion as the quantum of the PQ symmetry
Weinberg, PRL 40 223 (1978);Wilczek, PRL 40 279 (1978)

Axions “cleanse” the CP problem
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Timeline of the axion theory

e Strong CP problem (QCD does not violate CP)
— (g
»Cstrong,CP — Q%TI (EMBM)

with 9 < 107 (measured electric dipole of the neutron)

e |977 Peccei and Quinn (PQ) solution, new U(I)

Peccei & Quinn, PRL 38 1440 (1977)

e |978 Axion as the quantum of the PQ symmetry
Weinberg, PRL 40 223 (1978);Wilczek, PRL 40 279 (1978)

e |979-1981 Viable “benchmark’” models

Kim, PRL 43 103 (1979); Shifman et al, Nuc Phys. B 166 493 (1980)
Dine et dl, Phys. Lett. B 104 199 (1981); Zhitnitsky, SINP B 31 (1980)
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e |978 Axion as the quantum of the PQ symmetry
Weinberg, PRL 40 223 (1978);Wilczek, PRL 40 279 (1978)

e |979-1981 Viable “benchmark’” models

Kim, PRL 43 103 (1979); Shifman et al, Nuc Phys. B 166 493 (1980)
Dine et dl, Phys. Lett. B 104 199 (1981); Zhitnitsky, SINP B 31 (1980)

e |981-1983 Axion as the CDM

Dine et al, PLB 104 199 (1981); Preskill et al, PLB 120 127 (1983)
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Axion physics primer

Motivations Axion cosmology

QCD is CP-conserved by PQ symmetry Axions are non-thermal relics

e Effective axion-photon coupling Non-relativistic, so
~~~7 BCDM candidates

o gafyfy O( ma q - > — gayy%

Axion mass ~ 10ueV
~~~Y M(but see later....)

Solar & Stellar axions JCavity and other lab searches

“Primakoff” effect, look for axions emitted * Axion-photon convert in strong B field

Sikivie, PRL 51 1415 (1983), best for m, S 10 ueV

CAST, Barth et al, JCAP 1305 010 (2013) ADMX, Asztalos et al, PRL 104 041301 (2010)
|AXO,Armengaud et al, arXiv:1401.3233 ADMXHF, Brubaker et al, PRL 118 061302(2017)
a 4 CULTASK, Chung, PoS CORFU2015 047 (2016)
M\AE * CASPER NMR: Budker, PRX 4 021030 (2014)
o T . . * MadMAX Haloscope, PRL 118,091801(2017)
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AXxion coherent oscillations

—> generated by QCD!

time

—3
Pcoherent X A

0(t) = 0y cos(mgt)
T

Courtesy of J. Redondo
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Scenario A: PQ breaks after inflation
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Scenario A: PQ breaks after inflation
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Scenario B: PQ breaks during inflation
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Axion parameter space
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AXxion parameter space
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AXxion parameter space
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AXxion parameter space

Ade et al (PLANCK)
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AXxion parameter space
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More: non-standard cosmologies
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More: ALPs and ultra-light axions
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Conclusions

e Axions are well-motivated, viable CDM candidates;

e Details (coupling, temperature-dependence, defects)
require much further efforts.Work in progress...

* The parameter space is being tackled;

 Stuctures and clumps (miniclusters, axion stars) might play
an important role in the direct detection;

* ALPs might also play a role, coupling to the QCD axion
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