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Axion-like dark matter from flavon?

Discrete flavor symmetry & axial flavon DM.

Flavor structure with Dirac neutrinos

Phenomenological implication: FCNC & DM-photon 

coupling.
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𝑈 1 FN symmetry under which SM fields are charged:

 Arrange the FN charges for the flavor structure:

 Anomaly-free after UV completion: 

e.g., Green-Schwarz mechanism in string theory.

𝑈 1 FN as a Peccei-Quinn symmetry.
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 Quark masses and mixing

 Lepton masses and mixing
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𝑚𝑡 , 𝑚𝑐 , 𝑚𝑢 ∼ 1, 𝜖4, 𝜖8

𝑚𝑏 , 𝑚𝑠, 𝑚𝑑 ∼ 1, 𝜖2, 𝜖4 ⋅ 𝜖3
𝑉CKM ∼

1 𝜖 𝜖3

1 𝜖2

1

𝑚𝜏 , 𝑚𝜇, 𝑚𝑒 ∼ 1, 𝜖2, 𝜖6

𝑚𝜈3
, 𝑚𝜈2

,𝑚𝜈1
∼ 1, 𝜖, 𝜖1+𝑛 ⋅ 𝜖19

𝑈PMNS ∼
0.83 0.55 0.15

0.71
0.71

Dirac vs. Majorana



 𝑍𝑁 extendable to U(1) except  the potential:

 CDM of pNGB from misalignment 𝜃0 ≡
𝑎0

𝑣𝐹/𝑁
:
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 Sufficiently large LCM: 𝑁 = 88 leading to 𝑣𝐹 ∼ 1014GeV &𝑚𝑎 ∼ meV.

 Flavor structure exploiting the freedom of order one 𝑦𝑖𝑗.

 Better fit to Dirac neutrino mass matrix.

 Generalization to different values of 𝑁.

 Issues of FCNC & DM longevity.
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𝑚𝑡 ,𝑚𝑐 ,𝑚𝑢 ∼ 𝜖, 𝜖4, 𝜖8

𝑚𝑏 ,𝑚𝑠,𝑚𝑑 ∼ 𝜖3, 𝜖5, 𝜖7

𝑉CKM ∼
1 𝜖 𝜖3

1 𝜖2

1
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𝑚𝜏 ,𝑚𝜇,𝑚𝑒 ∼ 𝜖3, 𝜖5, 𝜖9

𝑚𝜈3 ,𝑚𝜈2 ,𝑚𝜈1 ∼ 𝜖20, 𝜖21, 𝜖25

Fit to 𝑈PMNS ∼
0.83 0.55 0.15

0.71
0.71Fit to Dirac neutrinos



 𝑍𝑁1 × 𝑍𝑁2 → 𝑈(1) for Yukawa interaction:

 pNBG couplings to fermions:

 pNBG coupling to photon:
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→ FCNC, e.g., 𝐾+ → 𝜋+𝑎



FCNC bound from 𝐾+ → 𝜋+𝑎

DM longevity:

X-ray bound: 
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𝑚𝑎 < 2𝑚𝑒 ⇒ 𝑁 > 53, 𝑣𝐹 > 4 × 1011GeV

𝑣𝐹 > 7 × 1011 𝑉21
𝑑 GeV ∼ 1011GeV

𝑚𝑎 < keV ⇒ 𝑁 > 67, 𝑣𝐹 > 4 × 1012GeV
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 FN flavon is another example of ALP as CDM.

 It can be realized in the framework of discrete (abelian) 

flavor symmetry leading to a peculiar relation between 

the ALP mass and decay constant. 

 Quark and lepton masses and mixing can be easily 

reproduced assuming Dirac neutrinos.

 The predicted photon couplings are well out of the 

current and future detectability except the mass around 

keV and neV.
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