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Majorana Majoron and the BAU
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There is no well-known mechanism for
the mass generation of ALP, except the
QCD axion.

We present a mechanism for the mass
generation of Majoron via the type-lI
and the type-ll seesaw mechanism.
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New physics beyond the SM-dark matter

Evidence of dark matter
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What is dark matter?

Neutral, non-baryonic, weakly interacting particle!

Interactions
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What we convern: construct a DM theory
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Where we start from? v physics

OProperties of neutrinos are similar to these of dark matter
ONeutrino is a hot dark matter candidate
OSterile neutrino is typical warm/cold dark matter candidate

OThe sighal of neutrino in direct detection experiments is similar to that of DM
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New physics beyond the SM-neutrino physics

Evidence of of neutrino oscillations Key issues for neutrino physics

 The origin of tiny but non-zero neutrino masses

 Neutrino mass hierarchy
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Neutrino mass generations

History: Majorana neutrino mass from the dim-5 Weinberg operator k_ ﬂf gHHTf fc
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® 660 Y. Cai, T. Han, T. Li, 1711.02180
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Neutrino mass generations

Neutrino mass from higher dimensional effective operators

. i F. Bonnet et al, 2009; Y. Liao, 2011
Majorana neutrino mass the tree-level: (F. Bonnet et a iao )

The unique operator of dim 2n+5, that can give neutrino masses 6245 — @ X (HTH)H
at the tree level is WEIDELE T A2n
Neutrino mass from loop corrections:
Os5 —1(8,B") (0" B,)
 Dimension-5: Weinberg operator for neutrino-masses (S. o I af}, . * aHD oy Oy -3 (W) (W)
Weinberg 1979) OBpH Oy B’“’(HTzD wH)
OwpH D, Wi HTiﬁLH
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Grzadkowski et al, 2010; ...... ) "* G ol /x{ Db (H'H)(D,H)' (D" H)
* Dimension-7: L. Lehman, 2014; Y. Liao and X.D. Ma, A ™, ZZ'D EI;T{IQIZ‘M(};;I;#H)
2016; ...... Chala and Titov 2104.08248 c')f(f) EHTH)“(Z'(’I_D)L)
Dimension-8: C.W. Murphy, 2020; H.L. Li et al., 2020; ... - wf}f ,- oD 9, (H'H) (IA*L)
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* Dimension-9: Y. Liao and X.D. Ma, 2020; H.L. Li et al, , 7 ) ‘~ (5) - _ 7
2020,2021; ... ... g o © Shas coenn D CLT IO

WEI CHAO



Connections between v physics and ALP?

Standard model: Lepton number is accidental global U(1) symmetry

Traditional seesaw mechanisms: U(1). is explicitly broken at the tree-level
Is lepton number spontaneously broken, or explicitly broken, or both ?

Connections between neutrino mass and the ALP physics!
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Majoron & neutrino mass via type-l seesaw

Type-l seesaw + spontaneous breaking U(l); symmetry
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Yukawa Interaction —YNFLHNR — M, = YNv/\/§
Key term: mNgNp+h.c. Quantum Gravity effect!
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Majoron interactions and Majoron mass

Field-dependent phase transformation
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Majoron interactions and Majoron mass

| —
Ee—zﬁNgmNR +h.c. — Q‘ <::> :i: %:3

Mass insertion of right- (a) (b) (©) (d)
handed neutrino masses: Q C:, Ii EI %:3
(e) (f) (9) (h)
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After symmetry breaking: :faYM/\/z +m

a 1672'2 Z a, Cos no. mM? (1 + log M—2> 2m?M? log Aﬂj—j m3 M |m?
n=1

WEI CHAO



Majoron mass and its relic density
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Majoron mass and its relic density
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Baryon asymmetry of the universe

Weinberg operator

m]TgNR +h.c. % LNV carried by 9 H Non-zero B-L ,

Chern-Simons operator

Non-zero B-L % BAU
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Baryon asymmetry of the universe

Transport equations a af : n' fa 2 n’ i ne H(T)
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Source term:
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Baryon asymmetry of the universe
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Summary

We have proposed a novel mass generation

Issue-I: mechanism for Axion-like particles: explicit

global symmetry breaking - ALP mass

We have presented a very simple and natural

Issue-lI model that can address the neutrino mass,
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dark matter and the BAU simultaneously!

Thank you for your attention!
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