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Neutrino Flavor Oscillations
Driven by Mass and Mixing 

• two independent mass scales have been identified


         (so-called solar scale)


                   (so-called atm. scale)
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Effect   - scaleΔm2
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For Disappearance Experiments

• for experiments where [ H. Nunokawa, S. J. Parke, RZF (2005)] 
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JUNO Disappearance Measurement

2.4 % (DayaBay) → 0.8 % in 100 days
[JUNO Collab. arXiv:2204.13249] 

νe → νe

Jiangmen Underground Neutrino 
Observatory  
    - a 20 kton liquid scintillator    
detector  
    - @ 53 km from Yangjiang & 
Taishan Nuclear Power Plants  
    - 26.6 GWth 
    -  in China - starting in 2024

Δm2
21 1.0 % 0.3 %

sin2 θ12 1.9 % 0.5 %

100 days 6 years

|Δm2
ee | 0.8 % 0.2 %



 REACTOR NEUTRINO EXPERIMENT
νe → νe  medium baseline reactor neutrino detector 

[S.T.Petcov & M Piai (2002)

&


 S. Choubey et al. (2003)]

low and high frequency  
modes  present 
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Mass Ordering 
Flagship measurement
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2.4 % (DayaBay) → 0.8 % in 100 days
[JUNO Collab. arXiv:2204.13249] 

νe → νe

2.4 % (DayaBay) → 0.8 % in 100 days
[JUNO Collab. arXiv:2204.13249] 

[D. V. Forero, S. J. Parke, C. A. Ternes, RZF (2021)] 

Mass Ordering 
Flagship measurement

Even before they can determine the Ordering …  
They can determine both values precisely  
 i.e. two degenerate solutions



FAN PLOT [S. J. Parke, RZF arXiv:2404.0873 ] 

IO

NO
|Δm2

32 |IO
JUNO = Δm2

31 |NO
JUNO + 4.7 × 10−5eV2

Matter Effect  -      A.N. Khan, H.Nunokawa, S.J.  Parke (2020)

                               

                                

Δm2
21 → − 1.1 %

sin2 θ12 → 0.2 %

νe → νe

https://arxiv.org/abs/2404.08733


FAN PLOT [S. J. Parke, RZF arXiv:2404.0873 ] 

IO

NO
|Δm2

32 |IO
JUNO = Δm2

31 |NO
JUNO + 4.7 × 10−5eV2

Matter Effect  -      A.N. Khan, H.Nunokawa, S.J.  Parke (2020)

                               

                                

Δm2
21 → − 1.1 %

sin2 θ12 → 0.2 %

νe → νe

Δm2
31 |NO

T2K+NOvA = (2.516 ± 0.031) × 10−3eV2

|Δm2
32 |IO

T2K+NOvA = (2.485 ± 0.031) × 10−3eV2

νμ → νμ/νμ → νμ

https://arxiv.org/abs/2404.08733


FAN PLOT [S. J. Parke, RZF arXiv:2404.0873 ] 

IO

NO

Matter Effect -     P. B. Denton, S.J. Parke (2024)

                              matter effects in  νμ → νe cancel νμ → ντ

|Δm2
32 |IO

JUNO = Δm2
31 |NO

JUNO + 4.7 × 10−5eV2

Matter Effect  -      A.N. Khan, H.Nunokawa, S.J.  Parke (2020)

                               

                                

Δm2
21 → − 1.1 %

sin2 θ12 → 0.2 %

νe → νe

Δm2
31 |NO

T2K+NOvA = (2.516 ± 0.031) × 10−3eV2

|Δm2
32 |IO

T2K+NOvA = (2.485 ± 0.031) × 10−3eV2

νμ → νμ/νμ → νμ

https://arxiv.org/abs/2404.08733
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100 days

6 years
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Conclusion
• the determination of the neutrino mass ordering is relevant for:


• model building

• neutrinoless double beta decay experiments

• beta decay experiments

• cosmic neutrinos background 

• cosmology

• it is possible that we will know the ordering soon before DUNE/HYPER-K (matter effect)

by combining two types of disappearance measurements in vacuum


