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Inverse Seesaw
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Jup —
Oy = ‘/"\ﬁ I Ly HH ?
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Symmetry G forbidding Oy, while allowing O,

Properties:
* H 1is G-singlet I:> G-symmetry is unbroken down to the chiral symmetry breaking scale

. (L_C L) 1s G-non-singlet

* (Q ug) is G-non-singlet
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‘t Hooft instanton vertex

- minst = 233 4 0.20 MeV

[N. Kitazawa and Y. Sakai, Int. J. Mod. Phys. A 33, 1850017 (2018)]
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Symmetry G forbidding Oy,

H (Q ug) is also forbidden by G

m, =0

m‘flatt =2.78 £ 0.19 and Gell-Mann—Oakes—Renner relation

for pion masses requiring m, 4 # 0

Way out: QCD instanton mitst = 233 +£0.20 MeV
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Phenomenology

OvBp — Decay

Applying combined analysis of neutrino oscillation data and OvSfS — Decay half-life lower limit

Model predicts: Normal Ordering of neutrino masses with 2.65meV < my =m; < 6.84 meV
9.0 meV<m, <11.2 meV

49.8 meV < m3 < 50.8 meV
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CONCLUSIONS

L Small neutrino mass induced by a combined effect of
the Chiral Symmetry breaking and Tev scale-BSM physics

L Predicts the Normal ordering of the neutrino mass spectrum

Motivates the smallness of the u-quark mass (light neutrino

Thank you !

light u-quark )




BSM models Neutrino Mass and Chiral Symmetry Breaking
. - . - . u
QCD Lagrangian: L= qr, 1D qr, + dr P aqr + Egluons q= [ ]
Chiral symmetry: SU(2),xSU(2)g

qLr = ULr QLR

There is no explicit Ch symmetry of the hadronic spectrum

Ch symmetry must be broken spontaneously



Chiral Symmetry

QCD Lagrangian: L= aL Zp qL + (_IR Zp qr + Egluons q—= [Z]
Chiral symmetry: SU2)L x SUR2)r xU(1)y xU(1)4
qdir = UpLr qir qLr = equL,R drL/r = eiigAqL/R

Non-perturbative QCD effects I:> Quark condensate (q.qr) # 0

Spontaneous Breaking SU2) xSU(2)g (q_L—qm> SU(2),; 3 Goldstones: wt

of Chiral symmetry

Soft breaking of Ch Symmetry: I:> Mg qL9R current quark masses I:> 3 Pseudo-Goldstones:
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QCD Lagrangian:

Chiral symmetry:

Spontaneous Breaking
of Chiral symmetry

Neutrino Mass and Chiral Symmetry Breaking
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QCD Lagrangian: L=gq;tDaq +qriPagr + Egluons q= [d]

Chiral symmetry: SU(2),xSU(2)g
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of Chiral symmetry

Non-perturbative QCD effects :> Quark condensate (qLqr) # 0

Soft breaking of Ch Symmetry:  m, q,qg current quark masses



