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NSI: Motivation

• NSI appear in models of neutrino masses

• NSI may affect oscillation parameters, 



• Information about the size of NSI could be very useful 
for neutrino model building

f f’

να νβ

⇒ sensitivity reach of upcoming experiments              



    (degeneracies and ambiguities)

⇒ precision measurements at current experiments



NSI: Notation
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⇒ may affect neutrino production and detection 
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→ NSI violate lepton flavor (FC-NSI)

✏↵↵ � ✏�� 6= 0 → NSI violate LF universality (NU-NSI)

✏↵� 6= 0

⇒ mainly affecting neutrino propagation in matter:        ✏m↵�

(but also detection, e.g., Super-K and Borexino)



NSI: Notation
NSI in neutrino propagation in matter:
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Current Constraints on 
NSI



NSI in the solar sector

Friedland et al, PLB 2004

Miranda et al, JHEP 2006

degenerate solution 
LMA-Dark,           

with θ12 > π/4



NSI in the solar sector

Gonzalez-Garcia et al, JHEP 2013

⇒ combination with neutrino scattering experiments: CHARM, NuTeV
Escrihuela et al, PRD 2009, Coloma et al, JHEP 2017

⇒ combination with coherent neutrino-nucleus scattering
Coloma et al, PRD 2017

How to probe LMA-Dark? 



NSI in the solar sector: impact 
of COHERENT results

Coloma et al, PRD 2017
90% CL oscillation + COHERENT

LMA-Dark excluded at 3σ

- mediator lighter than 50 MeV

oscillations

Liao & Marfatia, PLB 2017
- degeneracies in (𝜺d, 𝜺u) 

caveats



NSI in the solar sector

solar + KamLAND analysis prefer non-zero NSI 

Maltoni & Smirnov, EPJ 2015

Friedland et al, Miranda et al, 


Palazzo, González-García et al.
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Maltoni & Smirnov, EPJ 2015



NSI in solar neutrino detection

Super-K 

• neutrino-electron cross section in presence of NSI: 

Borexino 
Phase II

Bolaños et al, 
PRD 2009

Agarwalla, 
2017

Berezhiani et al, NPB 2002

✏eLee ✏eRee

g̃L = gL + ✏eL↵�

g̃R = gR + ✏eR↵�



NSI in the atmospheric sector
• From Super-K I & II phase data (2ν approx):  Mitsuka et al, 2011

|✏dVµ⌧ | < 0.011 , |✏dVµµ � ✏dV⌧⌧ | < 0.049 (90%C.L.)

Friedland et al 2004, 2005⇒ bounds relaxed in a 3-neutrino analysis

• Three-neutrino analysis of Super-K data

|✏eVµ⌧ | < 0.035 , |✏eV⌧⌧ � ✏eVµµ | < 0.11 (90%C.L.)

• IceCube data can also constrain NSI couplings Esmaili & Smirnov, 2013

�0.006 < ✏dVµ⌧ < 0.0054 (90%C.L.)

Gonzalez-Garcia et al, 2011

Salvado et al, 2017

⇒ best limit in μτ sector, obtained assuming ✏↵↵ = 0



NSI in reactor experiments
•	
  CC-like NSI at the production / detection processes in Daya Bay may 
affect the robustness of the recent θ13 determination 

 → study robustness of θ13 measurement
 → derive bounds on NSI couplings with Daya Bay data

shift in θ13: Leitner et al, JHEP 2011

|"e,⌧ | < 0.041 , |"µ| < 0.026 , (90%C.L.)existing bounds: 

Biggio et al, JHEP 2009



Agarwalla et al, JHEP 2015

 robust 𝛳13 determination

621 days rate 1230 days spect

Agarwalla et al, in progress

68, 90 , 99% CL 68, 90 , 99% CL

Preliminary

5% uncert on flux 2% uncert on flux
|"e| < 0.015 (90%C.L.) |"e| < 0.007 (90%C.L.)

NSI in Daya Bay

improved bound on εe
See also Girardi & Meloni and Girardi et al, 2014



NSI in long-baseline experiments
�0.20 < ✏eVµ⌧ < 0.07 (90%C.L.)• MINOS

|✏eVe⌧ | < 3.0 (90%C.L.)

Adamson et al, PRD 2013

Adamson et al, PRD 2017

• Explanation for the tension in θ23 between T2K and NOvA
Liao et al, PLB 2017

• NSI in LBL experiments may 
affect sensitivity to δCP 

Forero & Huber, PRL 2016

⇒ confusion between NSI and CPv



NSI in non-oscillation neutrino experiments

• neutrino-electron scattering • neutrino-nucleus scattering

• coherent neutrino-nucleus scattering

Barranco et al, PRD 2007

TEXONO Deniz et al, PRD 2010 Escrihuela et al, PRD 2011

Akimov et al, Science 2017

⇒ NSI bounds Coloma et al, Liao&Marfatia, Papoulias&Kosmas, 2017

Davidson et al, JHEP 2003



90% C.L. 
bounds on 
NU-NSI
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NSI prospects at 
upcoming experiments



•  PINGU: 3 years of data, 2-100 GeV:

•  INO: 10 years of data, NH:

Choubey & Ohlsson, PLB 2014

Choubey et al, JHEP 2015

�0.0043 < ✏eVµ⌧ < 0.0047

�0.03 < ✏eV⌧⌧ < 0.017

�0.119 < ✏eVeµ < 0.102

�0.127 < ✏eVe⌧ < 0.1

�0.015 < ✏eVµ⌧ < 0.015

�0.073 < ✏eV⌧⌧ < 0.073

(90% CL)

(90% CL)
NH determination sensitive to 

✏eµ, ✏e⌧

NSI at future atmospheric 
experiments



NSI at future reactor experiments
•JUNO and RENO-50 can test LMA-Dark solution with θ12 >π/4

Bakhti & Farzan et al, JHEP 2014
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- 3% E-resolution

- 5 years of data

⇒ θ12  octant determination 

for a given mass ordering 

3σ contour levels for:

However

⇒ degenerate solution
✓12 ! ⇡/2� ✓12

�m2
31 ! ��m2

31 +�m2
21

Coloma & Schwetz, PRD 2016

⇒ indep. MO determination to exclude LMA-D



NSI at future LBL experiments

Agarwalla et al, PLB 2016

Degeneracies in determination of θ23 octant in DUNE

⇒ interference term in 𝜙eα can mimic swap in the octant
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Degeneracies in determination of θ23 octant in DUNE

⇒ interference term in 𝜙eα can mimic swap in the octant



Gouvea and Kelly, NPB 2016

NSI at future LBL experiments
(θ23-𝜖ττ) degeneracy in DUNE

Coloma, JHEP 2016



NSI at future LBL experiments

(δ-𝜖ee-𝜖eτ) degeneracy in DUNE

Coloma, JHEP 2016

⇒ it may affect CP-violation sensitivity

a) � = �90o, ✏ee = �2, ✏e⌧ = 0.45,�⌧e = �130o

b) � = �90o, ✏ee = 1, ✏e⌧ = 0.25,�⌧e = 100o



NSI at future LBL experiments
NSI significantly spoil sensitivity to CP violation in DUNE

Masud and Mehta, PRD 2016



NSI at future LBL experiments
NSI significantly spoil sensitivity to mass ordering in DUNE

Masud and Mehta, PRD 2016



NSI at future LBL experiments

Deepthi et al, PRD 2016

NSI can jeopardize determination of mass ordering in DUNE

⇒ degeneracies in appearance probability:

strongly affect the sensitivity to the 
mass hierarchy

(less relevant for small values of NSI)

PNH
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Summary
• NSI can give signals in different neutrino oscillation and non-
oscillation experiments

•  No evidence for NSI reported so far, but only upper bounds on 
its magnitude.

•  We have reviewed existing direct bounds on NSI, from neutrino 
production, detection and propagation in matter.

•  NSI will also be probed at future neutrino experiments, 
improving current bounds.

•  The presence of degeneracies due to NSI may severely affect 
future sensitivity to δ, mass hierarchy or θ23 octant.


