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The Majoron
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Motivation
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Motivation

e In the literature we find different ways of generating a massive Majoron:

Explicit breaking <> massive Majoron

2Mm 1n Alonso, Urbano, [1706.07415]
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e (Gravity effects - explicit breaking in the potential:

Vgr av. — Y2m-+n | h.c. Akhmedov, Berezhiani, Mohapatra, Senjanovi¢ [hep-ph/9209283]

Babu, Rothstein, Seckel [hep-ph/9301213]
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e Explicit breaking terms in the fermion sector:
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Motivation

* In the literature we find different ways of generating a massive Majoron: | Explicit breaking <> massive Majoron

e (Gravity effects - explicit breaking in the potential:
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Neutrino Mass Models 101
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Neutrino Mass Models 101
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Neutrino Mass Models 101

Remember
Need an explicit breaking to
generate a Majoron mass
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Majoron Neutrino Mass Models

The list of models: We identify all the possible non-redundant PQ symmetries
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The list of models: We identify all the possible non-redundant PQ symmetries
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Two different scales: fa, A
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Majoron Neutrino Mass Models

The list of models: We identify all the possible non-redundant PQ symmetries

Two different scales: fa, A
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Majoron Neutrino Mass Models

The list of models: We identify all the possible non-redundant PQ symmetries

Two different scales: fa, A

. mymky mymk mymy1s a rank-1 matrix, it
Extra requirements to fix the two scales My ™~ — [ —s ~ Ys5— can only produce 1 massive
ANS YNS fa

light neutrino
Up to trivial exchanges: ¢ <— ¢~ Ng <— Sgr
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The Minimal Massive Majoron
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The Minimal Massive Majoron
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The Minimal Massive Majoron
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The Minimal Massive Majoron

. Y __ Y

—LBEM 0 H Yy Ng + =22 ¢* (NG Sp + S5 Ng) + —+ ¢ Ng, Ng + h.c, 0 my  ems
- 2 M, =| my Yynéd Yngo*

—L&%M —elr, HYs Sg + h.c., emf‘g Ynso® 0

——————— e —

Minimality: .

Elght neutrmo masses can be correctly generatedl

—— e e e e e e ———— S —

1) Minimal number of fields to account for

the correct neutrino spectrum — 3 L _ S my +my mg (2 ANN msmyg
)

Ngr, Sp + ¢ Y ANs Ans Ans

11) One explicit breaking links neutrino and Majoron mass.
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Other breaking-effects are assumed to be subleading €S [ ]
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The Minimal Massive Majoron
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Radiative Neutrino Masses

Lopez-Pavon, Pascoli, Wong [1209.5342]
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Radiative Neutrino Masses

Lopez-Pavon, Pascoli, Wong [1209.5342]
Two massive RH neutrinos
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Radiative Neutrino Masses

Lopez-Pavon, Pascoli, Wong [1209.5342]
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The Minimal Massive Majoron

Using the Coleman-Weinberg potential:
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The Minimal Massive Majoron

Using the Coleman-Weinberg potential:
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The Minimal Massive Majoron

Using the Coleman-Weinberg potential:
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The Minimal Massive Majoron
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The Minimal Massive Majoron
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Phenomenology of the Majoron
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Phenomenology of the Majoron
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Akita, Niibo, [2304.04430]
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Phenomenology of the Majoron
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Phenomenology of the Majoron
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Phenomenology of the Majoron

Heeck, Patel [1909.02029]
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Phenomenology of the Majoron

Heeck, Patel [1909.02029]
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Phenomenology of the Majoron

Heeck, Patel [1909.02029]
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Phenomenology of the Majoron

a — ~~ aem 2 f
anﬂy _ g ZV CLFMVF,UV ga/yfy ~ 87T3fa tr K Z Néf@ng h (

Xavier Ponce Diaz - The Minimal Massive Majoron

Heeck, Patel [1909.02029]



https://arxiv.org/abs/1909.02029

Phenomenology of the Majoron
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Conclusions

* We investigate all possible textures of non-redundant models

 Imposing a set of minimal conditions we are able to link together the masses of the
Majoron and light neutrinos.

o~ [I0°, 107 ] Ge
e (Obtaining a prediction for the parameter space! my ~ [1keV, 10 MeV]

e e -

 This model can be tested via Cosmology + neutrino detectors, if this particle 1s Dark
Matter!

Thanks for your attention!
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Light Neutrino Masses

One can factorise the mass-scale contributions from the flavour structure: When my. >> my, 5mU1L
— ' Is fixed by the PMNS
m, = mEL = 5m,1/L = mTl—I— mr, vv! +mpuu’
Y ||Yg|vZ A Yg|%v? Yn|? Mz + 3MZ2 M
mr, = e‘ N||Ys] EW) mT2:€2 NN |Ys) EW, mL:‘N‘Q H Zlog 5 )
2 A v g Anysg 2Ang 16m¢ My + Mg M N
il 2 )
2 2 2 2 2 2
im4|” = 5 |Mme T (2m7, —mp, —m7) £ \/(m% — TQ(Zm%l — m?& — m%)) — 474(771%1 —mpmr,)?| ,
me = |2mp, +nmyp + 0 mr,|, n=u'v= \77\67;19" : i =1—n°.
NO: mil? =0, mal? = |m_|?, ms|? = |m.|*,
10: mq|* = |m_|?, ma|? = |m4|?, ms|® = 0
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Majoron Mass: Loop Computation

_ o o % -
Lyok =l HY.er +4r HYN Nrp+ €l HYsSp gfs " (N&Sr+ S Ng) A : ¢ N5 Ng
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Majoron Mass: Loop Computation

- . . Y __ Y
Lyok =l HY.er +4r HYN Nrp+ €l HYsSp gfs " (N&Sr+ S Ng) A ];N(bN]CgNR

Perform the field redefinition: {Ng, {1, er} — {Ng, {1, egte ¥/ (2fa)  Gp 5 §p 310/ (2]a)
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0.a

o =57

(Zey"ve + Nry* N — 3 Spy"Skr) + (6 (1, HYs Spe®@/ e + h.C.>
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Majoron Mass: Loop Computation

- . . Y __ Y
Lyok =l HY.er +4r HYN Nrp+ €l HYsSp gfs " (N&Sr+ S Ng) A ];N(bN]CgNR

Perform the field redefinition: {Ng, {1, er} — {Ng, {1, egte ¥/ (2fa)  Gp 5 §p 310/ (2]a)

%, _ _ _ - .
L, = 2;2@ (7L’7MVL + Npv"Nrp — 3S5pry"Sgr) + (EZL HYg Sge?ie/fa 4 h.C.> I
a _— %,
After diagonalization /
| - o 2
LoD 5o ‘6]\”;5 ]\?N‘ v (MNS;;SR - MSN;%NR> ;2 -hec. -
N Ms(My + Ms) . Problem reduced to only two loops!

S ———————— S ———————— S —
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