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Neutrino oscillations can be written 
measured as the sum of three 

evolving phases 
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Solar parameters are (at leading 
order) degenerate with dcp
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Esteban et al, 2020

• Solar experiments measuring the MSW effect 
(SNO, Borexino, SK)

• KamLAND measuring the shape and flux of 
the diffuse reactor neutrino background
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• Solar experiments measuring the MSW effect (SNO, Borexino, SK)

• Electron neutrino is produced 

• Neutrino propagates as the  state

• On earth, 
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• Solar experiments measuring the MSW effect (SNO, Borexino, SK)

The Borexino Collaboration. Comprehensive measurement of pp-chain solar 
neutrinos. Nature 562, 505–510 (2018)

MSW resonance

• Electron neutrino is produced 

• Neutrino propagates as the  state

• On earth, 

Low-E neutrinos don’t 
feel matter effect
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• Solar experiments measuring the MSW effect (SNO, Borexino, SK)

The Borexino Collaboration. Comprehensive measurement of pp-chain solar 
neutrinos. Nature 562, 505–510 (2018)

MSW resonance
Low-E neutrinos don’t 

feel matter effect

Esteban et al, 2020
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• KamLAND measuring the shape and flux of the diffuse reactor neutrino background

Vogel et al, 2015
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• KamLAND measuring the shape and flux of the diffuse reactor neutrino background

Vogel et al, 2015
Esteban et al, 2020

Stro
n

g

Weak



The solar constraint

Andres Lopez Moreno
andres.lopez_moreno@kcl.ac.uk

17

• KamLAND measuring the shape and flux of the diffuse reactor neutrino background

Vogel et al, 2015
Esteban et al, 2020
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Checkpoint

• Long-baseline experiments need external constraints on solar parameters

• Solar experiments give a constraint through the MSW effect

• KamLAND gives a constraint through the diffuse reactor neutrino flux
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• We consider heavy neutral leptons (HNLs) from the seesaw mechanism

• M > GeV scale

• Too heavy to partake in oscillations

Light

Heavy Loss of probability
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• Solid theoretical motivation 

• Independent from the mass of the steriles

• Energy independent

• NC and CC signals
Light

Heavy Loss of probability
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• Solid theoretical motivation 

• Independent from the mass of the steriles

• Energy independent

• NC and CC signals
Light

Heavy Loss of probability

We want to test this in long-
baseline experiments!!
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The external solar constraint 
assumes unitarity!!!
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The external solar constraint 
assumes unitarity!!!

We derive the MSW effect in 
the presence of HNLs
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In the sun!!
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New parameters (at leading order):

 : neutron density (known from solar models)

 : fraction of       made up of light neutrinos

The Borexino Collaboration. Comprehensive measurement of pp-chain solar 
neutrinos. Nature 562, 505–510 (2018)
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New parameters (at leading order):

 : neutron density (known from solar models)

 : fraction of        made up of light neutrinos

Vogel et al, 2015

Negligible        dependence!
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• Non-unitary fit to solar data + KamLAND mass-splitting 
constraint!
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• Results consistent with unitarity

• The non-unitary parameter is strongly correlated with 
the solar angle

• Constraint on the solar angle becomes weaker overall
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• Solar data constraint on unitarity is competitive!!
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Esteban et al, 2020

Tension

• KamLAND tension disappears!
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Esteban et al, 2020

Tension

• KamLAND tension disappears!
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• I have no access to the binned distributions from 
solar experiments, which would give additional 
information on the shape of the inflexion point

• A weaker constraint in the solar angle leads to a 
loss of resolution for the CP phase in long-
baseline experiments
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• I have no access to the binned distributions from 
solar experiments, which would give additional 
information on the shape of the inflexion point

• A weaker constraint in the solar angle leads to a 
loss of resolution for the CP phase in long-
baseline experiments

The difficult part (deriving the non-
unitary MSW effect) is already done! 
Anyone pick up this analysis and give it 
proper treatment  

This is bound to happen in non-unitary 
frameworks. The larger loss of resolution 
will come from the non-unitary matter 
effect in the long-baseline experiment
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• We now have a non-unitary solar constraint which makes unitarity tests possible in long-baseline 
oscillation analysis

• The constraint was stronger than expected, to the point of setting a competitive limit on unitarity 
violation

• A small deviation from unitarity in the electron sector would relax the KamLAND tension

• There is room for repeating this analysis with better access to data
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