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Neutrinos are different !Neutrinos are different !

  Very light < eV Very light < eV 

Electron = lightest Electron = lightest 
charged lepton >> eVcharged lepton >> eV

  Mass scale different Mass scale different 

  Mixing pattern different Mixing pattern different 

PMNSPMNS
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Neutrinos are badly known !Neutrinos are badly known !
●  What's the absolute mass scale? What's the absolute mass scale? 
●  What's the hierarchy ?What's the hierarchy ?

●  What's their nature ? What's their nature ? 

●  θθ
1313

 predicted by model before measurement predicted by model before measurement
●  CP violation ? CP violation ? 

http://www.lhep.unibe.ch/lhep/pages/experimentshow.php?lang=en&expid=16&lang=enobservedobserved

unobservedunobserved
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Extradimensions could help ?Extradimensions could help ?
Already nice features to explain quark sectorAlready nice features to explain quark sector

Extradim

Index theorem: # flux units = # fermion zero-modesIndex theorem: # flux units = # fermion zero-modes

2 extradim + vortex structure2 extradim + vortex structure

3 families 3 families 
3



Extradimensions could help ?Extradimensions could help ?
Add a localized BEH scalar (see JMF talk)Add a localized BEH scalar (see JMF talk)

Extradim4D effective masses = convolution4D effective masses = convolution

Natural hierarchyNatural hierarchy
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How to give masses to neutrinos ?How to give masses to neutrinos ?

Standard tricksStandard tricks

νν
R     R     

Dirac... 6d tuning - no benefitDirac... 6d tuning - no benefit

νν
R     R     

Majorana   +   Seesaw  Majorana   +   Seesaw  

No Majorana particles in 6d... but what about a No Majorana particles in 6d... but what about a NNccN term ?N term ?

Majorana mass in 6d... Majorana mass in 6d... 
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6d « 6d « Majorana massMajorana mass » »

MajoranaMajorana

4D4D 6D6D

DiracDirac

Opposed chiralitiesOpposed chiralities

Opposed chiralitiesOpposed chiralitiesSame chiralitiesSame chiralities

6d chirality6d chirality
++

--

Effective 4d Majorana mass Effective 4d Majorana mass Same 4d chiralitiesSame 4d chiralities

BUT...BUT...
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DiracDirac
L R
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Selection rules – quarks Selection rules – quarks 

DiracDirac



« Majorana »« Majorana » L L

(k=3)(k=3)
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Selection rules – neutrinosSelection rules – neutrinos

MajoranaMajorana



DiagonalisationDiagonalisation

Inverted hierarchyInverted hierarchy

(partial) suppression(partial) suppression

ΠΠ/2 angle/2 angle Large mixing !Large mixing !

Why neutrinos are different: Why neutrinos are different: 
model predictionsmodel predictions

Quite naturally...Quite naturally...
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DiagonalizationDiagonalization

Maximal angleMaximal angle

Suppression !Suppression !

Pseudo-DiracPseudo-Dirac
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6d seesaw 6d seesaw 
« Majorana »« Majorana »

DIRACDIRAC

Redundant: NRedundant: N
L+L+

 & N & N
L-L-
 describe  describe 

the same effective spinorthe same effective spinor
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6d « 6d « RH neutrinoRH neutrino »  » 

Additional neutrinos unseenAdditional neutrinos unseen DELOCALIZEDDELOCALIZED

KK spectrumKK spectrum

« majorana mass »« majorana mass »

compactificationcompactification
R
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Effective 4d seesaw Effective 4d seesaw 

Mass scale Mass scale     Summation on Summation on 
 « an infinity »  « an infinity » 
of KK modesof KK modes

Heavy Heavy 
mediatorsmediators

Small overlapSmall overlap

Effectively cut-Effectively cut-
off by oscillations off by oscillations 
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What's new ?What's new ?

Before numerical estimation with step functionsBefore numerical estimation with step functions
(exact computation numerically tricky)(exact computation numerically tricky)

Now we have (exact) resultsNow we have (exact) resultsNOWNOW

First complete set of parameters to reproduce First complete set of parameters to reproduce 
quark, scalar and neutrino sectors !quark, scalar and neutrino sectors !

MOREMORE
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Very last resultsVery last results

 arXiv:1305.4320
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Very last resultsVery last results

 arXiv:1305.4320
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Very last resultsVery last results

 arXiv:1305.4320
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On the borderOn the border

 arXiv:1305.4320

IHIH

NHNH
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Back up slidesBack up slides



Very last results (more)Very last results (more)
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2 fields2 fields ~      ~      order parameterorder parameter

~      ~      potential => magnetic fieldpotential => magnetic field

II

Vortex structureVortex structure
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Vortex on a sphereVortex on a sphere
Bend the sample...Bend the sample...

Magnetic monopoleMagnetic monopole

PotentialPotential singular in singular in ππ

Other gauge ? ...Other gauge ? ... singular in 0singular in 0

Description of the entire sphere with a unique potential impossible !Description of the entire sphere with a unique potential impossible !

Solution:Solution:

Charge quantization !Charge quantization !

Gauge transfoGauge transfo

well-defined in well-defined in ππ
Fermions:Fermions:

« single valued »« single valued »
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What's new ? (1)What's new ? (1)
2010 Frère, Libanov, Ling2010 Frère, Libanov, Ling

First implementionFirst implemention

Big tendenciesBig tendencies

Numerical estimation with step functionsNumerical estimation with step functions

BUT...BUT...

(exact computation numerically tricky)(exact computation numerically tricky)

Now we have resultsNow we have results20132013
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What's new ? (2)What's new ? (2)

20012001

First apparition of the model... back in...First apparition of the model... back in...

Libanov, TroitskyLibanov, Troitsky 2 flat extra dim2 flat extra dim
Frère, Lib., Troit.Frère, Lib., Troit.

Lib., NugaevLib., Nugaev Realistic quark mass patternRealistic quark mass pattern20022002

20032003 Fr., Lib., Nug., Troit.Fr., Lib., Nug., Troit. Sphere compactifictionSphere compactifiction

20042004 Fr., Lib., Nug., Troit.Fr., Lib., Nug., Troit. FCNCFCNC

20052005 Lib., Nug.Lib., Nug. Scalar sectorScalar sector

20102010 Fr., Lib., LingFr., Lib., Ling NeutrinoNeutrino

2012-20132012-2013 First complete set of parameters to reproduce First complete set of parameters to reproduce 
quark, scalar and neutrino sectors !quark, scalar and neutrino sectors !
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