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Neutrino Mixing

- Is there any guiding principle behind leptonic mixing pattern?

- Discrete flavour symmetries:  
- Unbroken residual symmetries? 
- Broken symmetries? 
- Flavour symmetry with CP?

- Anarchy?

- Quark-Lepton unification?

- Other UV dynamics: Flux compactification, Clockwork,… ?
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Neutrino Mass

- What does determine the seesaw scale?

- Seesaw naturalness? 

- Higgs mass naturalness?

- UV dynamics?

- UV origin of radiative neutrino mass schemes?
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BACKUP SLIDES 
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Unbroken Residual Symmetries

Ketan Patel

can predict viable first or third column of PMNS matrix
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Predicts entire PMNS matrix 
Group of order 1944
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Smallest Group:
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Smallest Group:

For entire PMNS matrix

Smallest Group:

Explicit model?

Unbroken Residual Symmetries
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An example: minimal SO(10) model

�LY = 16i
⇣
Y ij

10 10H + Y ij

126 126H
⌘
16j
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Y ij
d = c1Y

ij
10 + c2Y

ij
126

Y ij
e = c1Y

ij
10 � 3c2Y

ij
126

Y ij
u = d1Y

ij
10 + d2Y

ij
126

Y ij
⌫ = d1Y

ij
10 � 3d2Y

ij
126

M ij
⌫c = vB�LY

ij
126
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Quark Lepton Unification

Yu = F10YuF10 , Yd = F10YdF5̄ , Ye = F5̄YeF10 m⌫ / F5̄ Y⌫Y
�1
R Y T

⌫ F5̄

Effective 4D theory
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Quark Lepton Unification
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Normal Ordering

Inverted Ordering

Fitted ProfilesNormal ordering Inverted ordering
Observable Fitted value Pull Fitted value Pull

yt 0.51 0 0.54 1.00
yb 0.37 0 0.37 0
y⌧ 0.51 0 0.47 -1.00

mu/mc 0.0027 0 0.0031 0.67
md/ms 0.051 0 0.045 -0.86
me/mµ 0.0048 0 0.0048 0
mc/mt 0.0023 0 0.0023 0
ms/mb 0.016 0 0.015 -0.50
mµ/m⌧ 0.050 0 0.049 -0.50
|Vus| 0.227 0 0.227 0
|Vcb| 0.037 0 0.038 1.00
|Vub| 0.0033 0 0.0030 -0.50
JCP 0.000023 0 0.000021 -0.51

�S/�A 0.0309 0 0.0320 0.73
sin2 ✓12 0.308 0 0.309 0.06
sin2 ✓23 0.425 0 0.435 -0.07
sin2 ✓13 0.0234 0 0.0237 -0.10

�2
min ⇡ 0 ⇡ 5.75

Predicted value Predicted value

m⌫lightest [meV] 0.08 2.15
|m�� | [meV] 1.63 30.4

sin �lCP 0.265 0.510
MN1 [GeV] 3.85⇥ 106 1.13⇥ 104

MN2 [GeV] 9.31⇥ 107 3.06⇥ 106

MN3 [GeV] 2.19⇥ 1014 2.02⇥ 1013

�R [GeV] 0.05⇥ 1016 0.18⇥ 1016
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Quark Lepton Unification
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Abelian magnetic flux

- An additional U(1) gauge symmetry and nonzero constant flux

F56 = @5A6 � @6A5 ⌘ f
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A5(y) = �fy2
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A5(tmy) = A5(y)� @5⇤(y)
<latexit sha1_base64="jbFc4ki+xX4lAQ7xHOd8RCi0jRA="></latexit><latexit sha1_base64="jbFc4ki+xX4lAQ7xHOd8RCi0jRA="></latexit><latexit sha1_base64="jbFc4ki+xX4lAQ7xHOd8RCi0jRA="></latexit><latexit sha1_base64="jbFc4ki+xX4lAQ7xHOd8RCi0jRA="></latexit>

⇤(tmy)� ⇤(y) =

Z y+L

y
@5⇤(y) =

Z L

0
fLdy1 ⌘ 2⇡N

gq
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qg

2⇡
L2f = N , N 2 Z
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Flux is quantised!

- Bulk 16-plet with charge q and flux f give rise to N massless modes

Flavour from Flux Compactifiation
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The massless modes

parity even fields

Quark-Lepton unification is preserved!

Flavour from Flux Compactifiation
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Fermion mass spectrum
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Higgs Naturalness


