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Portal to New Physics
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Only three renormalizable portals in the Standard Model 
$%&&'()*+,-('.() /%-0,&1)*2345647893



Nonstandard Interactions 

Nonstandard Interactions (NSI)

Wolfenstein, Phys. Rev., D17, 2369 (1978) 

Neutrino mass

P. Minkowski 1977, T. Yanagida 1979, 
Weinberg 1979, S.L. Glashow 1980

𝜈"

𝑁$

Seesaw mechanism
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Matter Effects
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SM
Modification of matter potential

Ohlsson,  1209.2710

Effective coefficient
On earth  𝑁% = 𝑁' = 3𝑁)

36 parameters

𝐶 = 𝐿, 𝑅

𝛼, 𝛽 = 𝑒, 𝜇, 𝜏



Indication of NSI
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de Salas et al., 1708.01186

Super-K, 1606.07538 JL, Marfatia, Whisnant, 1704.04711 



NSI at future oscillation experiments
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𝜖)4 = 0.15
𝜖)4 = 0.10

𝜖)4 = 0.05

DUNE

Generalized mass 
hierarchy degeneracy

Continuous four-fold degeneracy 

JL, Marfatia, Whisnant, 1612. 00927 JL, Marfatia, Whisnant, 1704.04711 

Bakhti, Farzan 1403.0744
Coloma, Schwetz 1604.05772

Oscillation probabilities 
are unchanged 

The determination of CP violation, 𝜃:;
octant, and the mass hierarchy at DUNE 
is strongly affected by NSI.
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Constraints on NSI w/ u,d

Jiajun Liao NSI@CEPC 10

Coloma et.al., 1911.09109
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Altarelli-Parisi radiator function 

NSI@electron collider

+

Nicrosini, Trentadue, PLB 231, 487 (1989) 



Constraints on NSI w/electron
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Berezhiania , Rossi, Phys.Lett.B 535 (2002)

Barranco, Miranda, Moura, Valle, 0711.0698
Constraints from neutrino 
scattering LSND CHARM II

12 independent NSI parameters 

Constraints 
from LEP data

𝛼, 𝛽 = 𝑒, 𝜇, 𝜏
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Analysis
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• 𝑆 is the number of events in the signal; 

• 𝐵>? : irreducible background with final state 
containing one 𝛾 and two 𝜈 in the SM; 

• 𝐵?): reducible background with final state containing 
one 𝛾 and other visible particles not detected due to 
limitations of the detector acceptance. 
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NSI@ Belle II

Iso-𝜎 contours form concentric circles with center at 

the SM point
Ignore the 
reducible bkg

high mass cut
lowmass cut



NSI@STCF
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NSI@CEPC
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Allowed regions lie between two 
concentric circles with the center:

is a function of 𝑠

𝑠=160 GeV

𝑠=240 GeV

𝑠=91.2 GeV
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Summary

• Neutrino oscillation experiments are strongly affected by NSI, it is 
natural to seek complementary constraints on NSI from collider 
experiments. 

• Both Belle II and STCF can provide competitive and 
complementary bounds on 𝜀))

)",$ as compared to current global 
analysis, and strong improvements in the constraints on 𝜀PP

)",$ . 

• CEPC running with three CM energies 𝑠 = 240, 160, 91.2 GeV 
will break the degeneracy between the left- and right-handed NSI, 
and can reach a sub-percent level sensitivity for all electron NSI.
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Thank you!
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Backup slides



Coordinates of the centers 
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