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Motivation
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• Standard Model (SM) is incomplete: no explanation 
for neutrino masses, dark matter (DM), or baryon 
asymmetry of the universe (BAU).

•A₄ flavor symmetry explains lepton mixing angles
and mass hierarchies.
G. Altarelli and F. Feruglio, Nucl. Phys. B 720 (2005); Nucl. Phys. B 741 (2006).
Y. S., M. Tanimoto and A. Watanabe, Prog. Theor. Phys. 126 (2011), 81-90.
T. Morozumi, H. Okane, H. Sakamoto, Y. S., K. Takagi and H. Umeeda, Chin. Phys.C 42 (2018) no.2, 023102.

• SUSY introduces new dark matter candidates: 
flavino. T. Nomura, Y. S., and T. Takahashi, JHEP 09 (2024) 036.

• Leptogenesis explains BAU via the right-handed 
neutrino decays. M. Fukugita and T. Yanagida, Phys. Lett. B 174 (1986), 45-47.
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• Symmetry:

• Chiral superfields:

• Superpotential:



Model Overview
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• Lagrangian:

• Scalar potential:
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• Scalar potential:                   (                            )
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• Scalar potential:                   (                             )
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• Potential minimal conditions:



Model Overview
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• F-term contribution:



Model Overview
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• Charged lepton mass matrix:

•Dirac neutrino mass matrix:



Model Overview
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• Right-handed Majorana neutrino mass matrix:

• Left-handed Majorana neutrino mass matrix:

※a, b, c, and d are combinations for Yukawa couplings and VEVs.

Y. S., M. Tanimoto and A. Watanabe, Prog. Theor. Phys. 126 (2011), 81-90.
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Numerical analysis
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• Right-handed Majorana neutrino mass matrix:

Numerical analysis

•Hereafter, we consider     is only complex parameter 
in the right-handed Majorana neutrino mass matrix.
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Dark Matter
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• F-term contribution:



Dark Matter
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• The relevant interactions:

• The mass terms of flavons and flavinos:



Dark Matter
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•DM annihilation processes:



Dark Matter
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•DM annihilation processes:

The cross section:



Dark Matter
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•DM annihilation processes:

The cross section:



Dark Matter
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•DM annihilation processes:



Dark Matter
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• Allowed region:

K. Hayasaka et al., Phys. Lett. B 687 (2010) 139.

Y. Muramatsu, T. Nomura and Y. S., JHEP 03 (2016) 192.

• Three body decay:



Leptogenesis
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• CP asymmetry parameter:
L. Covi, E. Roulet and F. Vissani, Phys. Lett. B 384 (1996), 169-174.

W. Buchmuller and M. Plumacher, Int. J. Mod. Phys. A 15 (2000), 
5047-5086.

G. F. Giudice, A. Notari, M. Raidal, A. Riotto and A. Strumia, Nucl. 
Phys. B 685 (2004), 89-149.
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• CP asymmetry parameter:
L. Covi, E. Roulet and F. Vissani, Phys. Lett. B 384 (1996), 169-174.

W. Buchmuller and M. Plumacher, Int. J. Mod. Phys. A 15 (2000), 
5047-5086.

G. F. Giudice, A. Notari, M. Raidal, A. Riotto and A. Strumia, Nucl. 
Phys. B 685 (2004), 89-149.
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•Dirac Yukawa matrix in the real diagonal base for 
the right-handed Majorana neutrino mass matrix:

Leptogenesis does not work...



Leptogenesis
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•We consider the next-to-leading order (NLO):

𝑌𝐷
𝐿+𝑁𝐿 †𝑌𝐷

𝐿+𝑁𝐿 ≠
1 0 0
0 1 0
0 0 1

Leptogenesis works!!



Summary
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•A₄ SUSY flavor model explains:

- Lepton mixing angles and mass hierarchies

- Dark matter (flavino)

- BAU (via NLO leptogenesis)

•A₄ SUSY flavor model is consistent with current 
experimental data.
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•A₄ SUSY flavor model explains:

- Lepton mixing angles and mass hierarchies

- Dark matter (flavino)

- BAU (via NLO leptogenesis)

•A₄ SUSY flavor model is consistent with current 
experimental data.

Thank you for your attention!!
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Multiplication rule of A₄ group 
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H. Ishimori, T. Kobayashi, H. Ohki, H. Okada, Y. S., and M. Tanimoto, Non-Abelian Discrete Symmetries in 
Particle Physics, Prog. Theor. Phys. Suppl. 183 (2010) 1; Lect. Notes Phys. 858 (2012) 1, Springer.

S. F. King, A. Merle, S. Morisi, Y. S., and M. Tanimoto, New J. Phys. 16 (2014), 045018.

T. Kobayashi, H. Ohki, H. Okada, Y. S., and M. Tanimoto, Lect. Notes Phys. 995 (2022), 1-353, Springer.



Relic density
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Comments on other flavino DM physics
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