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* Unknown matter (Dark Matter) accounts for
26.8% of the total in the universe

Dark Matter

* An attractive candidate for a DM s ...

WIMP ( Weakly Interacting Massive Particle )

* thermally produced in the early universe
Dark Energy

- severely constrained by the direct detection

https://www.quora.com/What-is-the-percentage-of-dark-matter-in-the-universe
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Stronger DM-SM interaction helps DM to stay longer in thermal bath,
leading to QA% ~ 0.12 , but also increases DM-nucleon scattering.
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Stronger DM-SM interaction helps DM to stay longer in thermal bath, To realize viable WIMP model,

leading to QA% ~ 0.12 , but also increases DM-nucleon scattering. we must address this dilemma.
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Solutions - gauged U(1)p_ model
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hierarchy problem pNGB DM decays X \z'\\<f X mx/mZ’

Z' . U(1)B—L gauge field
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Hint : custodial symmetry

V2 $3 + ids
Gsym = SU(2), x U(1)y invariant

Vom(H) = —p3 H'H + MN(HTH)? ol (¢1+i¢2)
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Benchmark scalar mass:  (mpn,, mp,, mp,) = (125, 300, 500) GeV

mixing angle : (sin ag, sinay, sina,) = (0.06, 0.05, 0.1)

hy 1 0 0 cosay 0 sinay cosa, sina, 0 h
ho =1 0 cosa, sina, 0 1 0 —sina, cosa, 0O 3
hs 0 —sina, cosay —sinay, 0 cosay 0 0 1 73
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Summary

* In the original abelian pNGB DM model, particular soft-breaking
terms are included, and their origins are not addressed.

* UV completed models are proposed, but all of them predict
decaying DM. In order to make DM long-lived, we must
introduce large hierarchy in symmetry breaking scales.

* We construct pNGB-DM model with non-abelian gauge
symmetry. Unbroken dark custodial symmetry ensure stability
of pPNGB DM. We don’t need to introduce large hierarchy.
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Goal UV completion of pNGB-DM model with no large hierarchy

But, this is not the end of the story ...

Three-point breaking term may spoil the cancellation

e Two-point breaking term T Abeand Y. Hamada, [2205.11919]
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We must make sure DM-nucleon scattering is suppressed enough I



Soft breaking terms

e Soft-breaking = Quadratic

21 @12 M% 2, AS g4 /1‘/522
Vam(H) + Ags|H|*|S| —7|S| +7|S| — TS + h.c.

C. Gross, O. Lebedev, and T, Toma, Phys. Rev. Lett. 119 (2017) 19, 191801, [1708.02253]

e Soft-breaking = Quadratic + tadpole
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G. C. Cho, C. Idegawa and E. Senaha, Phys. Lett. B 823 (2021), 136787, [2105.11830]
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