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SM + singlet complex scalar w/ softly broken global 𝑈(1)

𝑈(1) breaking  → (p)NGB → candidate of DM
Nature of (p)NGB ⇒ 1. Escaping from the constraints of direct detections

(soft pion theorem)
2. Derivative coupling + VEV suppressed coupling

[Gross-Levedev-Toma (2017)]

Cf. majoron

We study the pNGB dark matter relic abundance from the out-of-equilibrium production via feeble 
Higgs portal coupling and investigate the possibility the radial component plays the role of inflation.
→ The dark matter mass should be less than a few GeV in the wide range of the reheating 
temperature and the inflaton mass.



BackUp-1 Non-thermal production of DM

Net dark matter number density

Cf. UV freeze-in

When the temperature is around mass of 𝜙,
the DM is mainly produced from the leak of
the SM thermal bath.

In the UV freeze-in, the DM relic is created
at the initial time, temperature being reheating
temperature 𝑇 = 𝑇𝑅



BackUp-2 Inflation
Introduce the non-minimal coupling of Φ to create the flat inflaton potential

Inflaton

SM pNGB

reheating direct production

IR freeze-in, UV freeze-in

Dark matter relic produced by the inflaton decay

Reheating temperature


