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We know neutrinos have mass! But how do they get it?

Lets try adding a Yukawa coupling to the Higgs:

Neutrino Masses

RH neutrino, SM singlet
Majorana mass term
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SM SSB via Higgs vev

Neutrino Masses
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Let’s rewrite it a bit neater...
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In See-Saw scenarios, take:

But what about...

Let’s rewrite it a bit neater...

Neutrino Masses



30/08/23 Jack Franklin, IPPP

The Pseudo-Dirac Scenario

But why should it be so small?
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The Pseudo-Dirac Scenario

Very special case, L is global symmetry

Global symmetries should be broken by quantum gravity...

But why should it be so small?
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The Pseudo-Dirac Scenario

Diagonalising the mass matrix gives:
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Testing the Pseudo-Dirac Nature

Majorana mass is tiny, basically impossible to probe with 0ν2β
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Testing the Pseudo-Dirac Nature

Majorana mass is tiny, basically impossible to probe with 0ν2β

What about oscillations?
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Solar oscillations with PD neutrinos
Solar neutrinos are a great probe:
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The JUNO Experiment

● Jiangmen Underground Neutrino 
Observatory (JUNO)

● Liquid scintillator detector

Fengpeng An et al 2016 J. Phys. G: Nucl. Part. Phys. 43 030401



30/08/23 Jack Franklin, IPPP

The JUNO Experiment

● Jiangmen Underground Neutrino 
Observatory (JUNO)

● Liquid scintillator detector

● 20 kt fiducial volume (Borexino ~ 1kt)

Fengpeng An et al 2016 J. Phys. G: Nucl. Part. Phys. 43 030401



30/08/23 Jack Franklin, IPPP

The JUNO Experiment

● Jiangmen Underground Neutrino 
Observatory (JUNO)

● Liquid scintillator detector

● 20 kt fiducial volume (Borexino ~ 1kt)

● Primary goal is to determine the neutrino 
mass hierarchy

Fengpeng An et al 2016 J. Phys. G: Nucl. Part. Phys. 43 030401



30/08/23 Jack Franklin, IPPP

The JUNO Experiment

● Jiangmen Underground Neutrino 
Observatory (JUNO)

● Liquid scintillator detector

● 20 kt fiducial volume (Borexino ~ 1kt)

● Primary goal is to determine the neutrino 
mass hierarchy

● Will be able to detect Solar neutrinos

Fengpeng An et al 2016 J. Phys. G: Nucl. Part. Phys. 43 030401
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Results

Looked at two types of scenarios:

● Only one mass splitting, non-maximal 
mixing

– JUNO will be able to put strong bounds 
on parameter space

– May be competitive with DARWIN 
experiment
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Results

● Looked at two types of scenarios:

● Maximal mixing:

– 1 splitting only:

– 2 splitting only:

– All states:
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Thank you

Feel free to come by my poster if you have any questions!
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Solar neutrino fluxes

Source: Ilídio Lopes and Sylvaine Turck-Chièze 2013 ApJ 765 14
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Chi-squared
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Backgrounds at JUNO
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