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Oscillation probability parametrization with 3+1

Approximation used: m2
21

=0 eV2.
Parametrization as a function of three parameters:
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Oscillation probability parametrization

Limit for m2
41

 > 1 eV2 :
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 plot in the parameter space

2 = -2 ln(L/L
0
) L = n/n! e-

L
0
 = nn/n! e-n

n= the number of  observed by OPERA

Number of expected events in OPERA
(background included)

Neutrino
flux

Oscillation 
probability  Cross-section

Efficiency

1 degree of freedom for counting analysis.

Many thanks to Giuliana for support with cross sections and efficiencies.
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 High m2
41

 analysis.

Profile likelihood:  for every (,sin2(2)) minimize 2 wrt to C between 0 and 1.

5   analysis, from OPERA note n.180 (September 2015)
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 m2
41

 vs sin2(2) analysis.

Profile likelihood:  for every (,sin2(2)) minimize 2 wrt to C and 

5   analysis, from OPERA note n.180 (September 2015)
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 High m2
41

 analysis.

Profile likelihood:  for every (,sin2(2)) minimize 2 wrt to C between 0 and 1.

10   analysis, preliminar

NH 90% CL 
excluded region
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 m2
41

 vs sin2(2) analysis.

Profile likelihood:  for every (,sin2(2)) minimize 2 wrt to C and 

10   analysis, preliminar

NH

90% CL
Excluded region
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NSI Theory in a nut-shell 






Z0

p,e,n p,e,n



Z potential, V modified by .

 could be a complex number.

Oscillation probability (to the first order):
P= | sin2

23
  

32
 + V L |2


32

 = 1.27 m2
32

 (eV2) L(km) / E (GeV)

  counting → access to .
MINOS results published.

Note: in principle NSI could be also in CC interactions, eg:  → 
Limits of order of 10-2 on W

 can be derived from CHORUS/NOMAD.
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OPERA NSI analysis 

Similar to sterile neutrino analysis.

  counting.

Likelihood construction and global scan with 1 dof.
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OPERA NSI results

68% CL

90% CL

95% CL
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Region 1: No NSI for = 0
Region 2: maximal NSI effect for = -2 sin2

23
  

32 
/ (VL)

Assuming
Maximal mixing and
m2

32
 = + 2.44 10-3 eV2 

Inverse hierarchy result obtained 
by inverting  

→ - 

5  analysis, PRL 115, 121802 (2015)
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OPERA NSI results
Assuming
Maximal mixing and
m2

32
 = + 2.50 10-3 eV2 

Inverse hierarchy result obtained 
by inverting  

→ - 

10  analysis, PRL 120, 211801 (2018)
Prelimina vale. Thanks to Giuliana for her
help with cross sections and efficiencies.

The 90% CL allowed region is shrinked.
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Slides from A. Longhin talk at OPERA
General Meeting of 17th June 2015
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Slides from A. Longhin talk at OPERA
General Meeting of 17th June 2015

Additive term to standard oscillation probability:
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Slides from A. Longhin talk at OPERA
General Meeting of 17th June 2015
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Slides from A. Longhin talk at OPERA
General Meeting of 17th June 2015
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