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• Canonical 2-loop radiative 𝝂 mass model [1, 2]

• Some features:

             

          -   scalars 𝜅+ 
~ (1𝐶, 1𝐿, 𝟐𝒀) and 𝜌++ ~ 1𝐶, 1𝐿, 𝟒𝒀

             

         - ℒz𝐵 ⊃ ෪𝐿𝐿𝒇 𝐿𝐿𝜅+ + 𝑙𝑅
𝑐 𝒈 𝑙𝑅 𝜌++ + 𝝁 𝜌++𝜅−𝜅−+ h.c.

                 with 𝒇 antisymmetric and 𝒈 symmetric.

           

       -    neutrino masses: 𝑀𝜈 ∼ 𝜇 𝑓 𝑌𝑙 𝑔 𝑌𝑙 𝑓
𝑇

Fig. 1: Feynman diagram generating the neutrino masses in the 

ZB model [1, 2].
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• Majorana mass terms for 𝐿𝐿 and 𝑙𝑅  are interesting. 

Fig. 1: Feynman diagram generating the neutrino masses in the 

ZB model [1, 2].
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• To leading order in temperature 𝑇  and 1-loop: 𝑉 𝑇
 1𝑙 

~
 
σ𝑖,𝑗≠𝑖[ 𝑚𝑖

2 + 𝑪𝝓 
𝑇2  

𝜙𝑖
2 + 𝜆𝑖𝜙𝑖

4 + 𝜆𝑖𝑗𝜙𝑖
2𝜙𝑗

2]

• For 𝑪𝝓 
< 𝟎 → 𝝓𝒌  

≠ 𝟎 at high enough 𝑇

• If 𝜙𝑘 carries hypercharge: SSB of 𝑼 𝟏 𝒀 

• Caveat: 𝑪𝝓 < 𝟎 difficult

Decreasing 𝑻

Fig. 2: Multi-scalar potential under high-𝑇 symmetry breaking and low-𝑇 symmetry restoration.
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High 𝑻 SSB of 𝑼 𝟏 𝒀  in ZB?
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Fig. 3: Values of 𝐶𝜅, 𝐶𝜌 (circles) and 𝐶𝜅
0, 𝐶𝜌

0 (crosses) for a 

parameter scan of the quartic couplings in the ZB model. The 

color scheme encodes 𝜆𝑚𝑎𝑥 = max 𝜆𝑖 .  Both sets correspond 

to the same 𝜆𝑖.
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High 𝑻 SSB of 𝑼 𝟏 𝒀  in ZB?



Table 1: Benchmarks

Baryogenesis

Fig. 4: Viable masses 𝑚𝜅, 𝑚𝜌  for baryogenesis in BM1.
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Baryogenesis

Table 1: Benchmarks

Fig. 5: Viable masses 𝑚𝜅, 𝑚𝜌  for baryogenesis in BM2.
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• ZB possesses the ingredients for exotic early Universe phenomenology. 

• How generic to radiative models are these features?

Stay tuned!

Takeaways



Thank you!

Contact: alvaro.lozano.onrubia@csic.es



[1] A. Zee, Quantum Numbers of Majorana Neutrino Masses, 
Nucl. Phys. B 264, 99 (1986).

[2] K. S. Babu, Model of ’Calculable’ Majorana Neutrino Masses, 
Phys. Lett. B 203, 132 (1988).

References


	Diapositiva 1: Early Universe hypercharge breaking &  neutrino mass generation
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18: Thank you!
	Diapositiva 19

