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Quark and lepton masses

Origin of tiny
neutrino mass?




Weinberg operator
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Charged lepton and neutrino mass matrices

Yukawas Weinberg

v v

) %4 C
iiVLj + H.c.

lepton = — e —
-Lmass — _eLimijeRj — EVLim

Diagonalise w0 0 w0 0
Vo,mVl = 0 m, 0 |, V,mV] =[ 0 m 0

0 0O m, 0 0 mj

Charged currents ) Lepton mixing matrix
1
V2 ] UPMNS =V ‘/}L

g . _
W, | ec u; 7L )Y Upmns
\/z M ( L )

€L " vy




PMNS Lepton mixing matrix

1 0 0 C13 0 8136_7;5 C19 S10 0 1 g 0
UPMNS: 0 C23 S923 0 | 1 0 —S12 (€192 0 0 € 31 0
0 —sS23 cCo3 —s13€¢ 0 C13 0 0 1 0 O el o
Atmospheric Reactor
—10
C12€13 , 512C13 . 5136
— . . (/ . (/
512C23 (312323513"?(S C12C2375129239136€ . 523¢13
. 1 . . 1
519993 7 C19C93513€ C19993 7 5919C93513€ Co3€13

x diag(1, el21/2 6m31/2)



PMNS Lepton mixing matrix
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Neutrino mass states
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Neutrinoless Double Beta Decay
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— physical prediction: Heavy Neutral Leptons (HNLs)



Single Right-handed Neutrino (the simplest case)

Allows two types of mass
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Diagonalising the seesaw matrix
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Heavy right-handed neutrinos
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Seesaw line
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Three Right-handed Neutrinos (canonical case)

e Motivated by Grand Unified Theories such as SO(10)

* Allows leptogenesis (other cosmo/astro implications)

Jacobo Lopez-Pavon, William Giare, lvan Martinez Soler



Three Right-handed Neutrinos (canonical case)
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Diagonal mass matrices for charged leptons and RHNs (“flavour basis”)
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Arsenii Titov, Jelle Groot, Tim Kretz, Sam Bates

Phenomenology of HNLs
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Recall single
RHN result

Richard Ruiz, Anne-Mazarine Lyon, Matthias Saimpert, Manimala Mitra, Margaret Lutz, Haifa Sfar

Collider searches for HNLs
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Two Right-handed Neutrinos (minimal case)

First consider diagonal RHNs
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Two Right-handed Neutrinos (minimal case)

Now consider off-diagonal RHNs
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Inverse seesaw mechanism

Consider RHNs and singlets
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Conclusions

RHNs and seesaw mechanism is simplest renormalisable mechanism for
explaining tiny neutrino masses (uv completion of Weinberg operator)

Well motivated from GUTs and Leptogenesis (not considered here)

Expect heavy new neutrinos (HNLs) with masses ~ GeV or higher with new
couplings to W, Z, Higgs (only considered W couplings here)

HNL mixing angles may be small (e.g. two diagonal RHNs with natural hierarchy)
or large (e.g. two off-diagonal RHNs, Inverse seesaw models)

Lots of interesting implications for such new-v physics from colliders to
cosmology (as will be discussed in detail at this workshop)



