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QCD axion ALP
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“Classical axion window”: 10° GeV < f, < 10" GeV
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Hadronic/KSV/Z axion DESZ axion

Kim *79, Shifman, Vainshtein, and Zakharov 80 Dine, Fischler, and Srednicki “81, Zhitnitsky “80
Yet unknown heavy Ordinary SM quarks
quarks run in the loop. run in the loop. Nw=30r6.

N.B. Both heavy and SM quarks, or only a part of SM quarks may run in the loop,
which help to avoid the domain wall problem by Npw = 1.
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-Photons
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Loy = "ZV aF,,F,, =—gsaE B
« E 19 E and N are EM and color anomaly factors
Javy = op fa ' of the PQ current.
Electrons
C. _ , _
Laece = Faua (\Ijefy 75\116) — “1Ggeel (\P675\Pe) T
a
2
C eMMe C. = cos” for DFSZ axion.
Jaece =
fa Model-dependent. Coupling to electrons appear
only at loop-level in the hadronic axion.
-Nucleons
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Taken from “Physics Beyond Colliders at CERN: Beyond the Standard Model Working Group Report,”
arXiv:1901.09966 [hep-ex].
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Physics Today 17 Apr. 2015, “One Million Physicists”
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The upper bound of the QCD axion window can be relaxed
in low-scale inflation with H, ; S Agcp-

Peter W. Graham, Adam Scherlis, 1805.07362,
FT, Wen Yin, Alan H. Guth, 1805.08763

¢ Conventional axion  §
i window, f < OlzGeV

1 “Bunch-Davis distribution”
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f [GGV] FT. Wen Yin, Alan H. Guth, 1805.08763
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Kitajima and FT 1411.2011, Daido, Kitajima, and FT 1505.07670, 1510.06675,
Ho, Saikawa, and FT 1806.09551



QCD axion
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QCD axion + ALP with m, < m, (T = 0)
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my(1)/my,

QCD axion

ALP
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QCD axion + ALP with m, < m,(T = 0)+ mass mixing

my(1)/m, i agl = a

my(1)/myg |
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QCD axion + ALP with m, < m,(T = 0)+ mass mixing

mH(T)/ma
mp(1)/m,

Al = d

Similar to MSW effect
in neutrino physics!

N> = arpl = ¢

Ayl = @

The comoving number is
the adiabatic inv.

ar|l = d

High T Low T



Axion coupling to photons
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ALP coupling to photons can be enhanced by a few orders of magnitude.
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pre—" Inflaton decays and disappears,
while DM must be produced
somehow.

Inflaton

radiation
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Scale factor
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me = O(0.01 — 1) eV

ALP inflaton = ALPDM ~ "“ [ " G

“ALP miracle”

Daido, FT and Yin, 1702.03284,1710.11107
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An IOP and SISSA journal

Physics potential of the International
Axion Observatory (IAXO)
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Czerny, FT 1401.5212,

° AXi O n h i I Ito p i nfl ati O n Czerny, Higaki, FT 1403.0410, 1403.5883

Croon and Sanz, 1411.7809

Low-scale axion inflation can be realized with at least two
cosine terms: “Multi-natural inflation”

Vint (@) = A* (COS (% + 9) — % COS (n_ﬁ)) + const.

The inflaton mass at the minimum, 7114 , depends on n.

V(9)/A* Even n V(6)/A" Odd n
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Small-scale structure HDM constraint on
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Inflaton = DM = ALP
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10713
within the reach of future
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axion helioscopes and laser 10" 10® 10 107 10° 10" 10 10

experiments. me [eV]
“An ALP miracle”

*Plus, there is a preference for extra cooling of HB stars
Gomy = (0.29 £ 0.18) x 10719 GeV ™!

Ayala, Dominguez, Giannotti, Mirizzi and Straniero, 1406.6053, DESY- PROC-2015-02
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