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Neutrino Oscillations
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JUNO first results
First oscillated energy spectrum published
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Neutrino Mass ordering after JUNO
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Credit: JUNO Collaboration, arxiv:2609.37895
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    Minimization over the standard oscillation parameters
    with priors from
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Bounds on neutrino wave packet width
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Theoretical motivations (1)

Neutrinos can also lose coherence if they interact with some unknown environment: this can be described by the
Lindblad Master equation:
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Theoretical motivations (2)
Under well-motivated assumptions, the dissipative term given by a 8x8 matrix can be rewritten as

      which leads to the following damping parameters:

Since for JUNO E<1 GeV, we consider
n=-2: gravitationally induced decoherence
n=-1: decay like decoherence
n=0: energy-independent model
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90% C.L. limits:

Stronger than the full KamLAND dataset
(V. De Romeri et al., 2306.14699)
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Sensitivity to fast oscillations still limited
90% CL bound slightly stronger than
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Theoretical motivations

We can assume that active neutrinos are subject to both standard mixing and invisible decays, so the evolution for
the flavour states is described by

 

      where                     depends on the mass and lifetime of the neutrino mass eigenstate.
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    Minimization over the standard oscillation parameters
    with priors from

Daya Bay prior on        for

For                 results comparable with the full
KamLAND dataset
Limited sensitivity to fast oscillations leads to limited
sensitivity on

        (M. C. Gonzalez-Garcia and M. Maltoni,0802.3699
         C. A. Ternes and G. Pagliaroli, 2401.14316)      

    Limits from solar neutrino data
     (J. M. Berryman et al.,1411.0308 
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The determination of the standard solar 
oscillation parameters remains robust
but non neglible effects might be present

for the invisible decay scenario

MB, C.A. Ternes, 2606.13362

     profiles

As JUNO accumulates more statistics its
sensitivity to damping signatures is expected

to improve significantly, especially for
scenarios related to fast oscillations 53
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Damping effects: solar parameter plane
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Reactor angle:
 Best determination thanks to short baseline reactors: 

        Daya Bay and RENO
Agreement improved with their final data releases
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Atmospheric sector:
Current atmospheric neutrino

experiments: Super-Kamiokande and
IceCube DeepCore

Long baseline accelerators:
      NOvA, T2K and MINOS
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Atmospheric sector:

Not possible to resolve the octant of the angle:
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Global Fit value
including 

JUNO 2  datand
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Not possible to resolve the octant of the angle:
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CP phase 
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Future Prospects for the Global Fit
Atmospheric sector

Addition of KM3Net/ORCA

 Credit:  Paul De Jong, NEUTRINO2026

JUNO prospects
     

Precision measurement
(see: arXiv:2204.13249 [hep-ex])

Mass Ordering determination
(see: Phys. Rev. D 104, 113004)
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