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Neutrinos Do Oscillate!
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Three Neutrino Paradigm

➢ Absolute Mass Scale

➢ Two CPV Majorana Phases
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➢ 5 parameters: measured 
with rather high accuracy

➢ Mass ordering, CP violation 
to be determined

Global picture
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Unknowns: mass ordering and CP violation
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Unknowns: mass ordering and CP violation
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Open questions
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Three future experiments

JUNO: 2025 (running)

Reactor neutrinos for MO

Hyper-Kamiokande: 2028

Acc. & Atm. neutrinos, MO & CP

DUNE: 2031

Acc. & Atm. neutrinos, MO & CP
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A: GeV neutrino-nucleus interactions

Fermi motion, binding 

energy, MA, 2p2h, … … Hardon production, FSI
Parton Model, FSI
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2025/9/21 10程捷，NCEPU

Ulrich Mosel and Kai Gallmeister @ NUINT24

Jan T. Sobczyk @ NUINT24

Marco Roda @ NUINT24

Patrick Stowell @ NUINT24

GeV neutrino interaction generators



11

General components in generator
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Nuclear effects on oscillation search

Nature (2021) 

➢ The energy is reconstructed within the calorimetric method. 
➢ Missing neutrons (pions) may bias the energy and then result 

in wrong oscillation parameters.  

Ankowski et al., 1507.08561
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New Methodology: adding deexcitation 

A case study for C12 in JUNO

Cheng, YFL, et al., Phys. Rev. D 103, 05001 (2021)

Cheng, Li,YFL, et al, Eur.Phys.J.C 85, 295 (2025)
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TALYS-based Deexcitation

Simple shell model →
Status of the residual nuclei 

Triggered a variety of research interest in the 
neutrino interaction community:

Abe, PRD (2024), 2508.04040, etc.

Guo et al, PLB (2022), PLB (2025) etc.

Gardiner, MARLEY

◼ All residual nuclei with A>5 
have been considered

◼ Taking 11C*, 11B*, 10C*, 10Be* 
and 10B* for example
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Before deexcitation

After deexcitation

Impact on exclusive cross sections

➢
11C, 11B, 10B reduced, and 
lighter nuclei increased; 
neutron multiplicity 
redistributed.

➢ Exclusive final-state 
information, such as the 
neutron multiplicity, the 
charge pion multiplicity, 
the unstable nuclei, is 
important for 

(a) Energy reconstruction

(b) Evaluate systematics
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B: MeV neutrino production from Reactors

JUNO (2022)

Oscillation parameters

JUNO (2022)

NMO sensitivity

JUNO (2024)
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2011: HM fluxes (conversion method)

Giunti, YFL,Ternes, Xin, arXiv: 2110.06820



18

Even worse for spectral measurement

(1) "5 MeV bump" (cannot be explained by oscillation) questioned 
the theoretical reactor model (HM model).

(2) New development in theoretical models 
➢ New summation model
➢ KI (Kurchatov Institute) beta spectrum measurements

(3) New development in experimental measurements
➢ Fission evolution data from Daya Bay & RENO
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New reactor flux models

Many efforts from nuclear physics community!
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2019: EF fluxes (summation method)

Giunti, YFL,Ternes, Xin, arXiv: 2110.06820
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2021: KI fluxes (conversion method)

Giunti, YFL,Ternes, Xin, arXiv: 2110.06820
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2019: HKSS fluxes (conversion method)

Giunti, YFL,Ternes, Xin, arXiv: 2110.06820
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Limits on Sterile Neutrinos
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JUNO-TAO

2025 (Commissioning now)



25

Conclusion and Outlook

Nuclear physics effects play crucial roles in new physics search of 
neutrino physics:

➢ GeV neutrino-nucleus interactions 

→ Strong effects in energy reconstruction and systematics

→ CP violation from long-baseline neutrino experiments

➢ MeV neutrino production from reactors

→ important inputs for mass ordering measurement at JUNO

→ Also affects other new physics search (sterile neutrinos)

➢ Nuclear Matrix Element of Neutrinoless Double Beta Decay

➢ Coherent Elastic Neutrino-Nucleus Scattering

→ Opportunities for interdisciplinary research between particle, 

nuclear, (astro- physics) community!


