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Remarks:
● Neutrinos in the Standard Model (SM) are strictly massless. 
● The discovery of neutrino oscillation--> non-zero neutrino masses
● The addition of new degrees of freedom needed!
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Principle of accelerator neutrino oscillations

Accelerator 
neutrino 
source

Near detector
(cancellation of 

systematics in flux&X-
section...)

Far detector

Baseline
L ~ E/m2





● Source types and spectra
● Matter density profiles
● Cross sections
● Detector properties: efficiencies, resolutions, backgrounds ...
● Systematical uncertainties
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Search for CPV at a long-baseline neutrino experiment

● Seek to measure asymmetry of two oscillation modes:

P(
e
) - P(

e
)

● Event rates convolution of:

- Flux, cross sections, detector mass, efficiency, E-scale: 

=>measurements at %-level required.

- Theoretical description:

=>initial state momentum, nuclear excitations, final-state effects

● Lack of knowledge of cross sections leads to:

- Systematic uncertainties

- Biases
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Status of neutrino mixings
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● Not precise enough!
● Can we achieve the level similar to CKM? ● Sub-percent level in CKM.
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Latest results in a global fit

● Not precise enough!
● We currently have no 

way to directly measure 
any of sides containing 
tau-neutrinos.
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Latest results and expected sensitivities soon
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Classification of global neutrino oscillation experiments

Ref: NuFact2016 

Neutrino 
beams:

Credit: Walter Winter 
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Classification of global neutrino oscillation experiments

Ref: NuFact2016 

Neutrino 
beams:

L/E
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What are precision measurements and new physics?

Neutrino 
physics 
topics:

Chung-Kee JUNG 
@ NNN2016 
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The T2K experiment
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K. McFarland, Neutrino Interaction
Uncertainties @ NNN2018
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K. McFarland, Neutrino Interaction
Uncertainties @ NNN2018

T2K

● Suffering from uncertainties in cross sections.
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T2HK lead by Japan
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The NOvA experiment
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NOvA in US
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NOvA in US

● Suffering from uncertainties in cross sections.
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DUNE lead by US
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Comparison/complementarity of T2HK and DUNE

● The next generation of accelerator-based oscillation 
experiments will require ~% uncertainties (on far 
detector event rate and shape predictions)

● Neutrino-nucleus interaction modeling is difficult at 
the GeV scale 

● Existing models are unlikely to provide sufficient 
precision for future experiments
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Precision measurements?

● Killers hidden in these uncertainties: either in fluxes or in 
cross sections!

● Why not choose the best neutrino sources produced by muon decays?

● Measure the cross section of neutrino interactions more precisely!
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Search for new physics beyond CPV?
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Dreaming machine with well-known fluxes by muon decay beams

● Muon-decay neutrino beams with well-defined fluxes:

● Dreaming machine to reach the sub-percent level sensitivity of 
neutrino mixing parameters.
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Overview of a Chinese proposed MOMENT
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Chinese proton drivers to muon beams

● CAS-IHEP: pulsed proton beam, 1.6 GeV, 25 Hz @ 100 kW.

Experimental Muon 
Source (EMuS) at CSNS
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Chinese proton drivers towards muon beams

● CAS-IMP: continuos proton beam, 500 MeV @ 2.5 MW.
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Chinese proton drivers towards muon beams

● CIAE: Continuous proton beam 0.1 GeV → 0.8 GeV → 2 GeV.
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Links between NSIs and  neutrino oscillations

NSI happens to neutrino propagation in matter NSI at neutrino productions

New physics beyond SM: new particles, new couplings, 
new phenomenon...
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Constraints of CC-NSIs at MOMENT

● Colorful regions are 
allowed after running a 
far detector at 
MOMENT.

● The e-mu sector of NSI 
are the best constrained.

● Almost all NSI-induced 
CP phases change the 
exclusion limits severely 
except the e-mu sector.

● Limits from other 
sectors are not as good 
as those from the e-mu 
sector of NSI.

arXiv:1705.09500
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An exercise: neutrino invisible decays at MOMENT

arXiv: 1811.05623 
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Tests of unitarity violation
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Exclusion limits in terms of unitarity violations

arXiv: 1708.04909
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Test of neutrino models based on flavor symmetries

● Take the Tri-direct CP symmetry model as an example.

● Reduced degrees of freedom compared with 6 DoFs in PMNS.

G.J. Ding, S. King, C. C. Li, arXiv: 1807.07538.



School of Physics 35Jian Tang

Test of neutrino models based on flavor symmetries

● Correlations of new DoFs well constrained 
by future neutrino experiments.

● A strong discrimination of tri-direct CP 
symmetry models.

Work in progress 
by Ding, Li, Tang, Wang.
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Summary

● Lots of new physics to be done with neutrino oscillation 
experiments.

● T2HK and DUNE are complementary in discovery of CPV.

● Apart from CPV, we should do precision measurements and 
search for new physics.

● Chinese efforts are on the way with neutrinos produced by 
accelerator muon sources.

● Welcome to work together on new physics searches with 
accelerator neutrinos.

Thanks for your attention!
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Simulations of neutrino oscillations w/o new physics

Credits:
J. Kopp
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Simulations of neutrino oscillations w/o new physics

Taken from work in 
progress with Ding, 
Li, Tang, Wang.

Credits:
J. Kopp
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