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Neutrino mass and mixing

Neutrino mass and mixing: truly new physics beyond the standard model 
Tiny neutrino mass and large mixing!
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Three-neutrino mixing
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Neutrino oscillations
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Neutrino oscillations
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Three-neutrino mixing matrix
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Mixing parameters: the solar sector
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Mixing parameters: the solar sector
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Mixing parameters: the atmospheric sector
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Mixing parameters: the atmospheric sector
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Mixing parameters: the atmospheric sector
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Mixing parameters: the atmospheric sector
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Mixing parameters: the atmospheric sector
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Mixing parameters: the atmospheric sector
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Mixing parameters: the θ13 sector
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Mixing parameters: the θ13 sector
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Mixing parameters: the θ13 sector
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Mixing parameters: the θ13 sector
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Unknowns: mass ordering and CP violation
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Unknowns: from accelerator neutrinos
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Unknowns: Mass ordering and CP
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Unknowns: mass ordering and CP
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Unknowns: from atmospheric neutrinos
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Unknowns: from atmospheric neutrinos
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Future prosects

JUNO: 2025 (running) Jie Zhao’s talk

Reactor neutrinos for mass ordering

HyperK: 2028, Jan Kisiel’ talk

Acc. & Atm. neutrinos, MO & CP

DUNE: 2029-2031, Jianming Bian’ talk

Acc. & Atm. neutrinos, MO & CP
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Unknowns: absolute neutrino mass
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Unknowns: absolute neutrino mass
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Unknowns: absolute neutrino mass



32

Unkowns: Neutrino mass nature
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Dirac v.s. Majorana masses

The most promising way to test the lepton number violation and Majorana nature of neutrinos.

Neutrinoless double beta decay: talk by Pin-Jung Chiu
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Summary & Outlook

Neutrino mass and mixing: truly new physics beyond the standard model 
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Summary & Outlook

See talk by Michele Lucente
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Thanks!

谢谢!
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Extras
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Phys.Rev.D 108 (2023) 102005

Borexino: CNO cycle
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Neutrinoless double beta decay
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What is mass ordering: 2 flavors

With ν1→ν2, and θ→ π/2 - θ, complete degenerate!

We can either choose m2>m1→ determine if θ < or > π/4?

or choose θ< π/4, → determine if m2>m1 or m2<m1 ?

Solar neutrino flavor conversion (matter effects) tell us cos2θ*Δm2
21>0
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What is mass ordering?  3 flavors

Atmospheric neutrino (vacuum) oscillation: Δm2
31>0 or Δm2

31<0?

The mass ordering is only relevant, after we intrinsically define what 

are the mass eigenstates: ν1 ν2 ν3. 

One definition: decreasing νe components of these mass eigenstates

Hierarchical mass spectrum v.s. quasi degenerate mass pairs
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Matter Effects: Accelerator, atmospheric, supernova neutrinos

Vacuum oscillations: Reactor neutrinos, Petcov et al., PLB 533, 94 (2002)

Methods to determine MO


