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The neutrino reveals 1tself...

Raymond Davies

Homestake Mine experiment, South Dakota in 1960’s
Nobel prize 1n 2002

Wolfgang Pauli

Postulated neutrino in 1930
Nobel prize in 1945
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Oscillation probability
-depends on mass differences

Ve V1
v, | =V | w»
V+ V3
s
C12C13 $12C13 S13€
2 5 5
U= | —s12c23 —C12523513€"° cC12C23 — S12523513€" $23C13

")

. .5
$12893 — C12€23513€" —C12823 — §12€23513€*°  C23C13

Py =0ap—4 )  Re[USUsUsUs] sin’ U1 %2 Y Im[Up,;Ua;Us UL sin? !
e 4F e 2F

g =l 1<t

IR ), 2

Amg; = m; —m;
3

Monday, May 21, 2012



Solar and atmospheric neutrino experiment results
- only angles and mass squared differences
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Dirac or Majorana?

Dirac: Yukawa type coupling to right-handed neutrinos.

VROV +h.c.

Majorana: Right-handed neutrino = antiparticle of the left-handed

state.
Yie — (VL)C == Cﬂg

Neutrinos own antiparticles =>

Introduce new non-renormalizable operator.

(¢729L)C (o291 )

=> lepton number violation, not forbidden!

Effective field theory - low energy physics, large cut-off scales 1n

denominator, naturally small masses.
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Mass limits from experiments

Neutrinoless double
beta decay
-Majorana neutrinos
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[Mee| < 0.38eV

K(E) Tritium beta decay -

electron spectrum near
endpoint

mg = (|Ues|?*m3)/? < 2.2V
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See-saw mechanism

05 = (620" C(dm2)

Type I:

Type II:

Type III: Typelwith N < X°
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Type I see-saw mechanism
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Radiative loop corrections
Zee model

Extra scalar tield:
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How to find the masses?
Need more constraints...

Possible solution: Group theory!

Neutrinos have 3 flavors. Impose finite flavor
symmetry with 3 dimensional representations.

Already done, mostly using the tetrahedral group.

My thesis: The Frobenius group
Subgroup of SU(3)

Convenient Irreducible Representations:
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Conclusions

- The neutrino masses have caused a “New physics” problem, where the
Standard Model 1s not a sufficient model.

- Two popular mechanisms have used the Majorana nature of neutrinos to
explain the existence of their masses and the small nature.

- Experiments can not predict the absolute masses of the neutrinos. There 1s
still a search for models with enough constraints to predict the masses.

- Using group theory to place enough constraints to predict the masses
seems to be a plausible method.
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