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A brief introduction of indirect unitarity violation (UV)
effects and matter effects

Motivation

Analytical analysis of matter effects and indirect UV 
effects  in JUNO

Numerical analysis

Conclusion and outlook

Outline
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Global analysis of recent neutrino oscillation data
F. Capozzi, E. Lisi, A. Marrone and A. Palazzo, arXiv:1804.09678

Neutrino mass hierarchy CP-violating phase

The octant problem of 𝜽𝟐𝟑
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Type-I seesaw mechanism assuming three heavy sterile neutrinos which 
do not  take part in neutrino oscillations:

Indirect unitarity violation (UV) effects

Hence 𝑽 is not unitary

Strength of Unitarity Violation: maximally a few percent

Conservative neutrino oscillation experimental constraints at the 90% 
C.L. (S. Antusch et al JHEP 10 (2006) 084): 

𝑼 is unitary

Affect the behavior of
neutrino oscillations
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Matter effects L. Wolfenstein (1978)

antineutrinos
（matter effects and indirect UV effects）

When traveling in matter, neutrinos can
develop different matter potentials due
to their NC and CC coherent forward
scatterings with electrons, protons and
neutrons.
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 To test the standard three-neutrino paradigm or constrain the
indirect UV effects induced by heavy sterile neutrinos in JUNO

 In Ref. [1], we have known that matter effects are comparable with
important systematic uncertainties and hence should not be
neglected in JUNO

 To study how the indirect UV effects are entangled with matter
effects in JUNO and what their magnitude is as compared with
matter effects

 To study whether the two kinds of effects can be distinguished from
each other in JUNO

[1]Y. F. Li, Y. f. Wang and Z. z. Xing, Chin. Phys. C 40 (2016) no.9,  091001
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Analytical analysis

The survival probability of              considering the matter effects and 
indirect UV effects:

K. Kimura, et al., (2002)；
E. F. Martinez et al., (2007)

Matter effect A few MeV

Constraints of Indirect 
UV parameters from 
experiments

Expand                     in small quantities
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Analytical approximations of 

Vacuum
Leading 
order Next-to-leading order

UV effects
Matter
effects

Matter effects UV effects

UV effects are much smaller than matter effects and always entangled with matter effects

∆𝟐𝟏-driven oscillation

Sensitive to mass hierarchy (MH)
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Normal mass 
ordering

L=52.5km

A typical input 
of considerable UV 
parameters 
constrained by 
experiments

Best-fit values of 
neutrino oscillation 
parameters

Numerical analysis

Matter effects UV effects

The analytical approximations and the exact values match well
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True value

Best-fit value

Corrections to the measurements of MH, 𝜽𝟏𝟐,  and ∆𝟐𝟏 in JUNO

Matter effects UV effects

the sensitivity of 
JUNO to MH

Red and black solid lines: 
Matter and UV effects

Red dashed lines:
Ignoring matter effects 
(left) or UV effects (right)
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Conclusion and outlook

 The UV effects are entangled with matter effects and much smaller
than matter effects

 The fact that terrestrial matter effects should not be neglected in
JUNO is reaffirmed

 Indirect UV effects make no difference, meaning the experimental
sensitivities to MH and a precision measurement of 𝜽𝟏𝟐 and ∆𝟐𝟏 are
robust in JUNO

 The indirect UV effects in long baseline accelerator neutrino
experiments may cause multiple parameter degeneracy problems
and hence must be taken seriously



Thank you for your attention!
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