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Neutrino Oscillation Global Fit Results

D.V.Forero, Tórtola & Valle (PRD 90(2014)) arxiv:1405.7540
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Are the NSI interesting?

Neutrino masses imply physics BSM.
New neutrino interactions are expected in SM extensions accommodating
mν 6= 0.
The exchange of new heavy particles could leave a low energy
’fingerprint’ in the form of NSI.
Neutrino oscillations at Long Baseline Neutrino (LBL) exps. are sensitive
to NC-like NSI.
Interesting SO and NSI parameter degeneracies in LBL ν-exps. could
challenge the determination of the unknown ν-parameters. This talk!
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The standard NSI (pheno) framework

L. Wolfenstein (PRD 17(1978)), J.W.F Valle (PLB 199(1987))

M.M Guzzo et al. (PLB 260(1991)), E. Roulet (PRD 44(1991))
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NSI effects at LBL ν-experiments
Generalizing the effective matter potential

The Standard vacuum neutrino oscillation Hamiltonian is given by:

H0 =
1

2E
[
U diag

(
0,∆m2

21,∆m2
31
)

U†
]
,

while the general matter interaction Hamiltonian can be written as

Hint = V

 1 + εm
ee εm

eµ εm
eτ

(εm
eµ)∗ εm

µµ εm
µτ

(εm
eτ )∗ (εm

µτ )∗ εm
ττ


with V =

√
2 GF Ne or aCC ≡ 2V E = 7.63× 10−5

[
ρ

gr/cm3

] [ E
GeV

]
.

The oscillation probability is obtained as:

Pνα→νβ = |〈νβ |exp [−i (H0 + Hint)]|να〉|2

6



Current bounds
NC-like NSI

M.C. Gonzalez-Garcia et al. (JHEP 152(2013))

From a global fit of oscillation neutrino data, the 90% of C.L bounds for the
LMA solution are:

εαβ − εµµ|f =d(u) ∈

[0.02(0.00),0.51] [−0.09,0.04] [−0.14,0.14]
× 0 [−0.01,0.01]
× × [−0.01,0.03]


where

εm
αβ =

∑
f =e,u,d

〈
Yf

Ye

〉
εf
αβ = εe

αβ + Yuε
u
αβ + Ydε

d
αβ

In the case of ν’s interacting with the Earth matter:

εm
αβ ≈ εe

αβ + 3.051εu
αβ + 3.102εd

αβ

Thus, the less constrained and non-diagonal NSI coupling is εm
eτ∼ O(1).

For a complete set of constrains on εf =e
αβ see table III in Ref:

O.G Miranda et al. (NJP 17(2015))
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NSI effects at LBL ν-experiments
(Anti)neutrino appearance

Figure taken from: J. Kopp et al. (PRD 77(2008))

We will consider only the (Anti)neutrino appearance channel.
Only the off-diagonal NSI parameter εm

eτ ≡ |ε|exp (iφ) 6= 0.
We simulate true neutrino events including NSI and we compare them to
the test SM events in both T2K (scaled 5 yrs) and NOvA (3ν+3ν̄).
Our results are only for normal MH.
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Results
Bi-rate plots

D.V.Forero and P. Huber arxiv:1601.03736
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Results
Histograms, T2K+NOvA

D.V.Forero and P. Huber arxiv:1601.03736
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The future
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Summary

NC-like NSI has an important impact in the ν-oscillations observed at LBL
facilities.
The NSI sensitivity in LBL ν-exps. is ’triggered’ via interference with the
Standard Oscillations.
The parameter degeneracies from adding NSI could challenge the
determination of the δCP phase, which is one of the main goals of the
future ν-program.
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The beginnings
The importance of neutrino–matter interactions

L. Wolfenstein (PRD 17(1978))

mν = 0
Case I: Off-diagonal NC couplings.
Case II: Non-orthogonality among the νs in the weak basis.

Vacuum and matter ν-oscillations
Case III: NC with diagonal couplings but including the νe-CC interactions
with matter, Standard matter effect.

J.W.F Valle (PLB 199(1987))

Neutrinos remain massless due to a symmetry (total LN).
Because of the Non-unitarity of the leptonic mixing matrix, the flavor
neutrino eigenstates are not orthogonal.
In matter ’oscillations’ appear due to the interplay of CC and NC
ν–interactions.
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Towers of effective operators
Λ > ΛEWSB

M.B. Gavela et al. (PRD 79(2009))
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i +
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Towers of effective operators
Λ > ΛEWSB

M.B. Gavela et al. (PRD 79(2009))

Assumptions, limitations and consequences of the analysis:

The analysis is limited to operators induced at tree level.
With d = 6 operators (obeying the cancellation rules) it is not possible to
obtain all the NSI couplings, for instance, εm

eτ .
The d = 8 operators (obeying the cancellation rules) are the potential
candidates to generate ‘large’ NSI.
For d = 8, and the mediators (2 to do the cancellation job) coupling to
only SM bilinears, d = 6 contributions are also produced. Thus, some
fine-tuning or extra symmetries are need.
In a d = 8 case fulfilling all the requirements one should be careful with
one-loop corrections since they can spoil the d = 6 cancellation
conditions.

Many requirements (and some fine-tuning) have to be fulfilled to generate
‘large NSI’ when Λ is above the EWSB scale. Are there another possibilities?
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NSI via light mediators, mX � mZ
Y. Farzan et al. arxiv:1512.09147

New light gauge boson from U(1)’ gauge models with a non-trivial two
component representation for the left-handed leptons:

From the low energy relation: εGF ∼ (gX/mX )2, to generate ε ∼ 1, the
condition gX/mX = G1/2

F should be fulfilled.
The non-detection of the new particle implies:

Instead of the usual requirement mX � mZ (which produces ε� 1), a
second option considers gX � 1. Specifically, gX ∼ 5× 10−5 and
mX ∼ 10 MeV.
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