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“for the discovery of neutrino 
oscillations, which shows that 
neutrinos have mass”
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“for the discovery of neutrino 
oscillations, which shows that 
neutrinos have mass”

Neutrino 
oscillation New physics?!

indicates

can be tested
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• Neutrino oscillation in a nutshell

• RG running effect on neutrino oscillation

• Experimental sensitivities 

Outline
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Neutrino oscillation in a nutshell

See also talks by Jose Valle and Byeongsu Yang
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Mixing:

Neutrino Oscillation in A Nutshell

flavor 
eigenstates       

mixing 
matrix mass

eigenstates
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Mixing:

source

Neutrino Oscillation in A Nutshell

flavor 
eigenstates       

mixing 
matrix mass

eigenstates
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source

Neutrino Oscillation in A Nutshell

  Production:
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source

Neutrino Oscillation in A Nutshell

  Propagation after a distance L:

     L
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source

Neutrino Oscillation in A Nutshell

  Propagation after a distance L:

     L
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source detector

     L

Neutrino Oscillation in A Nutshell

  Detection:
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source detector

     LProduction:

Detection:

Propagation:

Neutrino Oscillation in A Nutshell
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source detector

     L
• Oscillation amplitude

• Oscillation probability

Neutrino Oscillation in A Nutshell
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RG running effect on neutrino oscillation
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RG Running Effect
The loop corrections lead to RG running effect:  

strong coupling constant

credit: Particle Data Group

weak mixing angle
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RG Running Effect
The loop corrections lead to RG running effect:  

strong coupling constant

credit: Particle Data Group

weak mixing angle

The physical quantities are not ‘‘constant’’!

Their values depend on the scale at which we are measuring



      Chui-Fan Kong (IBS-CTPU-PTC)                   FLASY 2026 @ Gyeongju, Aug 18, 2026                                      17   

What happens if neutrinos interact with new light degree of freedoms?

credit: symmetry

RG Running of Neutrino Mixing Parameters
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credit: symmetry

RG Running of Neutrino Mixing Parameters
What happens if neutrinos interact with new light degree of freedoms?

Loop corrections can happen at low scales 
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credit: symmetryLoop corrections can happen at low scales 

RG Running of Neutrino Mixing Parameters
What happens if neutrinos interact with new light degree of freedoms?

Neutrino mixing parameters become scale-dependent: 
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• w/o RG running: 

• w/   RG running:

Oscillation w/ RG Running Effect
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• w/o RG running: 

• w/   RG running:

Oscillation w/ RG Running Effect
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RG Running at Oscillation Experiments

target hadronic collector 
(focusing) decay tunnelproton 

beam detector

neutrino production
(particle decay)

neutrino detection
(scattering)
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target hadronic collector 
(focusing) decay tunnelproton 
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target hadronic collector 
(focusing) decay tunnelproton 

beam detector

neutrino production
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RG Running at Oscillation Experiments
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Experimental sensitivities
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We take a model-independent parametrization

Solution:

Parametrization

For model-dependent case, refer to 
K. S. Babu, V. Brdar, A. de Gouvêa, P. A.N. Machado, arXiv: 2108.11961



      Chui-Fan Kong (IBS-CTPU-PTC)                   FLASY 2026 @ Gyeongju, Aug 18, 2026                                      28   

We take a model-independent parametrization

Parametrization

parameters quantify the RG running effect
For model-dependent case, refer to 

K. S. Babu, V. Brdar, A. de Gouvêa, P. A.N. Machado, arXiv: 2108.11961
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• w/o RG running effect:

no flavor transition in the zero-distance limit!

Pheno Results: Zero-distance Effect
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• w/o RG running effect:

• w/   RG running effect:

no flavor transition in the zero-distance limit!

flavor transition in the zero-distance limit!

Pheno Results: Zero-distance Effect
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JUNO-TAO
MeV scale

FASERv2
TeV scale

DUNE-ND
GeV scale

Pheno Results: Effect at Multiple Exps
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Pheno Results: Effect at Multiple Exps

Denton, Ge, CFK, Pasquini, arXiv: 2606.26720 
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Pheno Results: Effect at Multiple Exps

Degeneracy exits in a single experiment

However, combinition of multiple experiments breaks degeneracy!

Denton, Ge, CFK, Pasquini, arXiv: 2606.26720 
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Pheno Results: Effect at Multiple Exps

Denton, Ge, CFK, Pasquini
arXiv: 2606.26720 
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Pheno Results: Effect at Multiple Exps

Denton, Ge, CFK, Pasquini
arXiv: 2606.26720 
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Thank you for your attention!
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Summary

• BSM induced RG running effect can modify neutrino oscillation

• It can affect experimental sensitivities to neutrino mixing 
parameters

• It’s desirable to combine experimental data at different energy 
scales 
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Back up

Back up
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K. S. Babu et al,
 arXiv: 2108.11961

The running of Y_N
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Casas-Ibarra parametrization
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K. S. Babu et al,

 arXiv: 2108.11961
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zero-distance limit
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K. S. Babu et al,
 arXiv: 2108.11961
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energy reconstruction:

momentum transfer reconstruction:


