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Neutrino non-standard interactions (NSI) are a parameterization of new physics in the neutrino sector that draws
connections across a wide range of particle physics, astrophysics, and cosmology into a unified framework. We
first review the basics and discuss some new extensions of NSI. Then we discuss NSI in oscillations and scattering
experiments and finally we conclude.

Overview Neutrino non-standard interactions (NSI), first introduced in 1977 [1], provide a useful framework to
connect constraints on new physics from scattering experiments and oscillation experiments [2—4]. The typical NSI
effective Lagrangian for vector neutral current (NC) and charged current (CC) processes with heavy mediators are

LNS = —2V2Gr Y ey (Bay"vs) (Fruf) (1)
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where the € parameters quantify the size of the interaction relative to the standard weak interaction, «, 8 are the
lepton flavors, and f, f’ € {e, u,d} are matter fermions. CC NSI can modify the production and detection of neutrinos
while both CC and NC NSI can affect their propagation in matter.

On the oscillation side, NSI modifies the standard three-flavor oscillation Hamiltonian,
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where F is the neutrino energy, U = Ra3(023)U13(013, ) R12(012) is the PMNS mixing matrix [5, ] that is parameter-

ized in the usual way [7] with two real rotations (R;;) and one complex rotation (U;;), a = 2v/2Gr N, E is associated
to the matter potential, and N, is the electron number density. These parameters are related to the NSI parameters
ineq. L by eag =) f ei’ﬁvN #/Ne. While constructing UV complete models that both predict large NSI in oscillation
experiments and are consistent with strong charged lepton flavor violation measurements is notoriously difficult, nu-
merous interesting models exist which can be broadly classified depending on if their mediators are heavy (Mz 2
GeV) [8-11] or light [12-16].

NSI: Beyond the Epsilons While the above discussion has been the main framework for NSI for some time, in
recent years the notion of NSI has expanded in numerous interesting directions.

e Although egs. 1-2 are written for vector currents, one can extend them to arbitrary Lorentz structures
{S,P,V, A, T} and their combinations, each of which has unique phenomenology [17-22].

e In oscillations, the mediator mass is generally considered to be irrelevant for NSI, yet it does have an
impact if its Compton wavelength is comparable to the macroscopic size of objects or is massless. In this case
the oscillation probabilities are uniquely different than in the heavy mediator limit | —30].
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e If there is an interaction between neutrinos and matter fermions, then there is also a new neutrino self-
interaction, sometimes referred to as neutrino non-standard self interactions (NSSI) which can alter our un-
derstanding of environments where neutrino-neutrino interactions are dominant such as cosmology, supernovae,
astrophysical propagation, and neutrinoless double beta decay [31-50].

e Dark matter can also induce NSI-like effects [51].

e It has also been noted that, in some cases, other new physics searches including unitary violation and sterile
neutrino oscillations can be mapped onto NSIs [52].

NSI in Oscillations The impact of NSI in oscillations has a very rich phenomenology including many degeneracies
which has been explored in a large number of studies [3, 53-83]. To numerically examine these there have been a
number of experimental constraints [$1, 85] and fits to a wide range of oscillation data over the years, some of which
also include various scattering data sets including CHARM, NuTeV, and COHERENT [74, 78, 82, 86]. These global
fits show that, while some parameters are fairly well constrained by oscillation data to the € ~ 0.01 level, others allow
for very large € ~ 1 NSI. In addition, there have been several slight oscillation anomalies which could be interpreted
as hints of NSI [15, 87-91].

NSI in Scattering Any complete model of NSI introduces a mediator. Depending on the mass of the mediator,
different scattering experiments are relevant. For light enough mediators only oscillation experiments (see the caveats
in the Beyond the Epsilons paragraph) and NSSI constraints apply. For mediators Mz 2 10 MeV the low threshold
experiment COHERENT [18, 75, 78, 83, 92-08] places constraints on most NSI flavor combinations via the coherent
elastic neutrino nucleus scattering process (CEvNS) [99-101] and can also constrain non-vector NSI as well. Future
reactor CEVNS experiments look to improve this picture to even lighter mediators. COHERENT’s CEvNS measure-
ment also draws a connection between our constraints on NSI and the neutrino floor relevant for dark matter direct
detection searches [102-105]. At the GeV scale experiments like CHARM and NuTeV place constraints. NSI models
also often lead to connections with colliders [106—111].

NSI in the Future The interconnected nature of neutrino scattering and neutrino oscillations provides for a very
rich phenomenology to search for new physics. Looking to the future we see signs indicating considerable improvement
on multiple fronts. First, as new long-baseline oscillation experiments such as DUNE, T2HK, and JUNO [112-115]
measure the remaining oscillation parameters in different matter densities, our standard three-flavor oscillation should
come into stark contrast illuminating any inconsistencies in the standard three-flavor picture due to NSI. Long-baseline
experiments at the second oscillation maximum such as possibly DUNE as well as T2HKK and ESSnuSB [116, ] as
well as the low-energy component of the IceCube upgrade [118] and KM3NeT [119, 120] will provide key cross checks
to further reduce degeneracies. Next, as crucial reactor CEvNS measurements are made with very low thresholds,
we can be sensitive to NSI down to Mz ~ 1 MeV possibly ruling out key NSI degeneracies in combination with
early universe data [95]. On the high energy collider side, as energy, luminosity, and analyses at the LHC improve,
the sensitivity to NSI with heavier mediators should continue to improve. Finally, we hope that the considerable
experimental efforts to measure the remaining oscillation parameters are met with a matching model building effort
to fully understand what kinds of new physics can be present in the neutrino sector.

To summarize, as the neutrino data allows for new physics of a comparable size as the weak interaction, NSI is an
excellent place to look for new physics and improving our understanding of NSI on all fronts should be a top priority
not only for neutrino physics, but for particle physics in general to ensure we have a robust understanding of the
Standard Model.

[1] L. Wolfenstein, “Neutrino Oscillations in Matter,”
[2] M. Guzzo, A. Masiero, and S. Petcov, “On the MSW effect with massless neutrinos and no mixing in the vacuum,’

[3] Y. Farzan and M. Tortola, “Neutrino oscillations and Non-Standard Interactions,” ,
[4] , vol. 2. 2019.

[5] B. Pontecorvo, “Mesonium and anti-mesonium,” Sov. Phys. JETP 6 (1957) 429.

[6] Z. Maki, M. Nakagawa, and S. Sakata, “Remarks on the unified model of elementary particles,”

[7] Particle Data Group Collaboration, M. Tanabashi et al., “Review of Particle Physics,”

[8] D. V. Forero and W.-C. Huang, “Sizable NSI from the SU(2)r scalar doublet-singlet mixing and the implications in
DUNE,” , :


http://dx.doi.org/10.1103/PhysRevD.17.2369
http://dx.doi.org/10.1016/0370-2693(91)90984-X
http://dx.doi.org/10.3389/fphy.2018.00010
http://arxiv.org/abs/1710.09360
http://dx.doi.org/10.21468/SciPostPhysProc.2.001
http://arxiv.org/abs/1907.00991
http://dx.doi.org/10.1143/PTP.28.870
http://dx.doi.org/10.1143/PTP.28.870
http://dx.doi.org/10.1103/PhysRevD.98.030001
http://dx.doi.org/10.1103/PhysRevD.98.030001
http://dx.doi.org/10.1007/JHEP03(2017)018
http://arxiv.org/abs/1608.04719

[9] K. Babu, A. Friedland, P. Machado, and 1. Mocioiu, “Flavor Gauge Models Below the Fermi Scale,”
[10] U. K. Dey, N. Nath, and S. Sadhukhan, “Non-Standard Neutrino Interactions in a Modified v2HDM,”
[11] K. Babu, P. B. Dev, S. Jana, and A. Thapa, “Non-Standard Interactions in Radiative Neutrino Mass Models,”

[12] Y. Farzan and I. M. Shoemaker, “Lepton Flavor Violating Non-Standard Interactions via Light Mediators,”

)

[13] Y. Farzan, “A model for large non—standa;rd interactions of neutrinos leading to the LMA-Dark solution,”

[14] Y. Farzan and J. He;eck, “Neutrinophilic nonstandérd interactions,” ,

[15] P. B. Denton, Y. Farzan, and. I. M. Shoemaker, “Activating the fourth neutrino of the 34+1 scheme,”

[16] Y. Farzan, “A modei for lepton flavor violating nor;-standard neutrino interactions,” ,
[17] S.-F. Ge and S. J. Parke, “Sc.alar Nonstandard Interactions in Neutrino Oscillation,”

[18] D. Aris7tizabal Sierra, V. De Romeri, é.md N. Rojas, “COHERENT analysis of neutrino generalized interactions,”

[19] I. Bischer and W. Rodejc;hann7 “General neutrino inter&'mctions from an effective field theory perspective,”

[20] K. Babu, G. Chauhan, and P. Bhupal Dev, “Neutrino Non-Standard Interactions via Light Scalars in the Earth, Sun,
Supernovae and the Early Universe,” , .

[21] A. Falkowski, M. Gonzélez-Alonso, and Z. Tabrizi, “Reactor neutrino oscillations as constraints on Effective Field
Theory,”

[22] A. Falkowski, M. Gonzélez- Alonso and Z. Tabrizi, “C0n51stent QFT description of non-standard neutrino interactions,”

[23] J. Grifols and E. Masso, “Neutrino oscillations in the sun probe long range leptonic forces,”

, .

[24] A. S. Joshipura and S. Mohanty, “Constraints on flavor dependent long range forces from atmospheric neutrino
observations at super-Kamiokande,”

[25] H. Davoudiasl, H.-S. Lee, and W. J. Marciano, “Long-Range Lepton Flavor Interactions and Neutrmo Oscillations,”

[26] P. Bakhti and Y. Farzan, “Constraining secret gauge interactions of neutrinos by meson decays,”

[27] P. Bakhti, Y. Farzan, and M. Rajaee, “Secret interactions of neutrinos with light gauge boson at the DUNE near
detector,”
[28] M. B. Wise and Y. Zhang, “Lepton Flavorful Flfth Force and Depth- dependent Neutrino Matter Interactions,”

[29] M. Bustamante and S. K. Agarwalla, “Universe’s Worth of Electrons to Probe Long-Range Interactions of High-Energy
Astrophysical Neutrinos,”
[30] A.Y. Smirnov and X.-J. Xu, “Wolfenstein potentials for neutrinos mduced by ultra-light mediators,”

[31] Z. Bialynicka-Birula, “Do Neutrinos Interact between Themselves?,”
[32] D. Bardin, S. M. Bilenky, and B. Pontecorvo, “On the nu - nu interaction,”
[33] E. W. Kolb and M. S. Turner, “Supernova SN 1987a and the Secret Interactions of Neutrinos,”

[34] M. Archidiacono and S. Hannestad, “Updated constraints on non-standard neutrino interactions from Planck,”

[35] K. Ioka and K. Murase, “IceCube PeV-EeV neutrinos and secret interactions of neutrinos,”

, .
[36] K. C. Y. Ng and J. F. Beacom, “Cosmic neutrino cascades from secret neutrino interactions,”

. [Erratum: Phys.Rev.D 90, 089904 (2014)]
[37] Y. Farzan and S. Palomares-Ruiz, “Dips in the lefuse Supernova Neutrino Background ,

[38] I. M. Shoemaker and K. Murase, “Probing BSM Neutrino Physics with Flavor and Spectral Distortions: Prospects for
Future High-Energy Neutrino Telescopes,” .
[39] A. Das, A. Dighe, and M. Sen, “New effects of non-standard self-interactions of neutrlnos in a supernova,”

[40] K. J. Kelly and P. A. Machado, “Multimessenger Astronomy and New Neutrino Physics,” ,

[41] M. Lei, N. Steinberg, and J. D. Wells, “Probing Non-Standard Neutrino Interactions with Supernova Neutrinos at
Hyper-K,” s


http://dx.doi.org/10.1007/JHEP12(2017)096
http://dx.doi.org/10.1007/JHEP12(2017)096
http://arxiv.org/abs/1705.01822
http://dx.doi.org/10.1103/PhysRevD.98.055004
http://dx.doi.org/10.1103/PhysRevD.98.055004
http://arxiv.org/abs/1804.05808
http://dx.doi.org/10.1007/JHEP03(2020)006
http://dx.doi.org/10.1007/JHEP03(2020)006
http://arxiv.org/abs/1907.09498
http://dx.doi.org/10.1007/JHEP07(2016)033
http://dx.doi.org/10.1007/JHEP07(2016)033
http://arxiv.org/abs/1512.09147
http://dx.doi.org/10.1016/j.physletb.2015.07.015
http://dx.doi.org/10.1016/j.physletb.2015.07.015
http://arxiv.org/abs/1505.06906
http://dx.doi.org/10.1103/PhysRevD.94.053010
http://arxiv.org/abs/1607.07616
http://dx.doi.org/10.1103/PhysRevD.99.035003
http://dx.doi.org/10.1103/PhysRevD.99.035003
http://arxiv.org/abs/1811.01310
http://dx.doi.org/10.1016/j.physletb.2020.135349
http://arxiv.org/abs/1912.09408
http://dx.doi.org/10.1103/PhysRevLett.122.211801
http://dx.doi.org/10.1103/PhysRevLett.122.211801
http://arxiv.org/abs/1812.08376
http://dx.doi.org/10.1103/PhysRevD.98.075018
http://dx.doi.org/10.1103/PhysRevD.98.075018
http://arxiv.org/abs/1806.07424
http://dx.doi.org/10.1016/j.nuclphysb.2019.114746
http://dx.doi.org/10.1016/j.nuclphysb.2019.114746
http://arxiv.org/abs/1905.08699
http://dx.doi.org/10.1103/PhysRevD.101.095029
http://arxiv.org/abs/1912.13488
http://dx.doi.org/10.1007/JHEP05(2019)173
http://arxiv.org/abs/1901.04553
http://arxiv.org/abs/1910.02971
http://dx.doi.org/10.1016/j.physletb.2003.10.078
http://dx.doi.org/10.1016/j.physletb.2003.10.078
http://arxiv.org/abs/hep-ph/0311141
http://dx.doi.org/10.1016/j.physletb.2004.01.057
http://arxiv.org/abs/hep-ph/0310210
http://dx.doi.org/10.1103/PhysRevD.84.013009
http://arxiv.org/abs/1102.5352
http://dx.doi.org/10.1103/PhysRevD.95.095008
http://dx.doi.org/10.1103/PhysRevD.95.095008
http://arxiv.org/abs/1702.04187
http://dx.doi.org/10.1103/PhysRevD.99.055019
http://arxiv.org/abs/1810.04441
http://dx.doi.org/10.1007/JHEP06(2018)053
http://dx.doi.org/10.1007/JHEP06(2018)053
http://arxiv.org/abs/1803.00591
http://dx.doi.org/10.1103/PhysRevLett.122.061103
http://arxiv.org/abs/1808.02042
http://dx.doi.org/10.1007/JHEP12(2019)046
http://dx.doi.org/10.1007/JHEP12(2019)046
http://arxiv.org/abs/1909.07505
http://dx.doi.org/10.1007/BF02749481
http://dx.doi.org/10.1016/0370-2693(70)90602-7
http://dx.doi.org/10.1103/PhysRevD.36.2895
http://dx.doi.org/10.1103/PhysRevD.36.2895
http://dx.doi.org/10.1088/1475-7516/2014/07/046
http://dx.doi.org/10.1088/1475-7516/2014/07/046
http://arxiv.org/abs/1311.3873
http://dx.doi.org/10.1093/ptep/ptu090
http://dx.doi.org/10.1093/ptep/ptu090
http://arxiv.org/abs/1404.2279
http://dx.doi.org/10.1103/PhysRevD.90.065035
http://dx.doi.org/10.1103/PhysRevD.90.065035
http://arxiv.org/abs/1404.2288
http://dx.doi.org/10.1088/1475-7516/2014/06/014
http://arxiv.org/abs/1401.7019
http://dx.doi.org/10.1103/PhysRevD.93.085004
http://arxiv.org/abs/1512.07228
http://dx.doi.org/10.1088/1475-7516/2017/05/051
http://dx.doi.org/10.1088/1475-7516/2017/05/051
http://arxiv.org/abs/1705.00468
http://dx.doi.org/10.1088/1475-7516/2018/10/048
http://arxiv.org/abs/1808.02889
http://dx.doi.org/10.1007/JHEP01(2020)179
http://arxiv.org/abs/1907.01059

[42]
[43]
[44]
[45]
[46]
[47]

[48]

=
RERST

C. D. Kreisch, F.-Y. Cyr-Racine, and O. Doré, “The Neutrino Puzzle: Anomalies, Interactions, and Cosmological
Tensions,”
G. Barenboim, P. B. Denton, and I. M. Oldengott, “Constralnts on inflation with an extended neutrino sector,”

N. Blinov, K. J. Kelly, G. Z. Krnjaic, and S. D. McDermott, “Constraining the Self-Interacting Neutrino Interpretation
of the Hubble Tension,” , .
K. Babu, P. Dev, S. Jana, and Y. Sui, “Zee-Burst: A New Probe of Neutrino Nonstandard Interactions at IceCube,”

S. Shalgar, I. Tamborra, and M. Bustamante, “Core-collapse supernovae stymie secret neutrino interactions,”
F. F. Deppisch, L. Graf, W. Rodejohann, and X.-J. Xu, “Neutrino Self-Interactions and Double Beta Decay,”
C. Creque-Sarbinowski, J. Hyde, and M. Kamionkowski, “Resonant Neutrino Self-Interactions,”

G. Barenboun and U. Nierste, “Modified majoron model for cosmological anomalies,”

M. Bustamante, C. Rosenstr@m S. Shalgar, and I. Tamborra, “Bounds on secret neutrino interactions from high-energy
astrophysical neutrinos,”

S.-F. Ge and H. Murayama7 “Apparent CPT Violation in Neutrlno Oscillation from Dark Non-Standard Interactions,”

M. Blennow, P. Coloma, E. Fernandez-Martinez, J. Hernamdez-Gaurciau7 and J. Lopez-Pavon, “Non-Unitarity, sterile
neutrinos, and Non—Standard neutrino Interactions,”
O. Miranda, M. Tortola, and J. Valle, “Are solar neutrino oscillations robust7 ? ,

M. Gonzalez-Garcia, Y. Grossman, A. Gusso, and Y. Nir, “New CP violation in neutrino oscillations,”

T. Kikuchi, H. Minakata, and S. Uchinami, “Perturbation Theory of Neutrino Oscillation with Nonstandard Neutrino
Interactions,”

P. Coloma, A Donini, J. Lopez- Pavon and H. Minakata, “Non- Standard Interactions at a Neutrino Factory:
Correlations and CP violation,”

A. Friedland and I. M. Shoemaker7 “Searching for Novel Neutrino Interactions at NOVA and Beyond in Light of Large
013777

Z. Rahman, A. Dasgupta, and R. Adhlkal"l “The Discovery reach of C'P violation in neutrino oscillation with
non-standard interaction effects,”

M. Masud, A. Chatterjee, and P. Mehta, “Probing CP v101at1on signal at DUNE in presence of non-standard neutrino
interactions,”

P. Coloma, “Non Standard Interactions in propagatlon at the Deep Underground Neutrino Experiment,”

A. Palazzo, “3-flavor and 4-flavor implications of the latest T2K and NOvA electron (anti-)neutrino appearance
results,”

A. de Gouvea and K. J. Kelly, “Non-standard Neutrino Interactions at DUNE 7 ,

M. Masud and P. Mehta, “Nonstandard interactions spoiling the CP violation sensitivity at DUNE and other long
baseline experiments,” ,

J. Liao, D. Marfatia, and K. Whisnant, “Degeneracies in long-baseline neutrino experlments from nonstandard
interactions,”

A. de Gouvéa and K. J. Kelly, “False Signals of CP- Invarlance Violation at DUNE 7

J. Liao, D. Marfatia, and K. Whisnant, “Nonstandard neutrino interactions at DUNE, T2HK and T2HKK,”

S.-F. Ge and A.Y. Smirnov, “Non-standard interactions and the CP phase measurements in neutrino oscillations at low
energies,”

S. K. Agarwalla, S. S. Chatterjee and A. Palazzo, ‘Degeneracy between 623 octant and neutrino non-standard
interactions at DUNE,”

M. Blennow, S. Choubey, T. Ohlsson, D. Pramanik, and S. K. Raut, “A combined study of source, detector and matter
non-standard neutrino interactions at DUNE,”

S. Fukasawa, M. Ghosh, and O. Yasuda, “Sen81t1v1ty of the T2HKK expenment to nonstandard mteractlons

K. Deepthi, S. Goswami, and N. Nath, “Can nonstandard interactions jeopardize the hierarchy sensitivity of DUNE?.”
D. V. Forero and P. Huber, “Hints for leptonic CP violation or New Physics?,”

K. Deepthi, S. Goswami, and N. Nath, “Challenges posed by non-standard neutrino interactions in the determination of
dcp at DUNE,”

P. Coloma, P. B. Denton, M. Gonzalez-Garcia, M. Maltom and T. Schwetz, “Curtalhng the Dark Side in Non-Standard
Neutrino Interactions,” , .


http://dx.doi.org/10.1103/PhysRevD.101.123505
http://arxiv.org/abs/1902.00534
http://dx.doi.org/10.1103/PhysRevD.99.083515
http://dx.doi.org/10.1103/PhysRevD.99.083515
http://arxiv.org/abs/1903.02036
http://dx.doi.org/10.1103/PhysRevLett.123.191102
http://arxiv.org/abs/1905.02727
http://dx.doi.org/10.1103/PhysRevLett.124.041805
http://arxiv.org/abs/1908.02779
http://arxiv.org/abs/1912.09115
http://arxiv.org/abs/2004.11919
http://arxiv.org/abs/2005.05332
http://arxiv.org/abs/2005.05332
http://arxiv.org/abs/2005.13280
http://dx.doi.org/10.1103/PhysRevD.101.123024
http://arxiv.org/abs/2001.04994
http://arxiv.org/abs/1904.02518
http://dx.doi.org/10.1007/JHEP04(2017)153
http://arxiv.org/abs/1609.08637
http://dx.doi.org/10.1088/1126-6708/2006/10/008
http://arxiv.org/abs/hep-ph/0406280
http://dx.doi.org/10.1103/PhysRevD.64.096006
http://dx.doi.org/10.1103/PhysRevD.64.096006
http://arxiv.org/abs/hep-ph/0105159
http://dx.doi.org/10.1088/1126-6708/2009/03/114
http://arxiv.org/abs/0809.3312
http://dx.doi.org/10.1007/JHEP08(2011)036
http://arxiv.org/abs/1105.5936
http://arxiv.org/abs/1207.6642
http://dx.doi.org/10.1088/0954-3899/42/6/065001
http://arxiv.org/abs/1503.03248
http://dx.doi.org/10.1088/0954-3899/43/9/095005/meta
http://arxiv.org/abs/1510.08261
http://dx.doi.org/10.1007/JHEP03(2016)016
http://dx.doi.org/10.1007/JHEP03(2016)016
http://arxiv.org/abs/1511.06357
http://dx.doi.org/10.1016/j.physletb.2016.03.061
http://arxiv.org/abs/1509.03148
http://dx.doi.org/10.1016/j.nuclphysb.2016.03.013
http://arxiv.org/abs/1511.05562
http://dx.doi.org/10.1103/PhysRevD.94.013014
http://arxiv.org/abs/1603.01380
http://dx.doi.org/10.1103/PhysRevD.93.093016
http://arxiv.org/abs/1601.00927
http://arxiv.org/abs/1605.09376
http://dx.doi.org/10.1007/JHEP01(2017)071
http://dx.doi.org/10.1007/JHEP01(2017)071
http://arxiv.org/abs/1612.01443
http://dx.doi.org/10.1007/JHEP10(2016)138
http://arxiv.org/abs/1607.08513
http://dx.doi.org/10.1016/j.physletb.2016.09.020
http://arxiv.org/abs/1607.01745
http://dx.doi.org/10.1007/JHEP08(2016)090
http://arxiv.org/abs/1606.08851
http://dx.doi.org/10.1103/PhysRevD.95.055005
http://dx.doi.org/10.1103/PhysRevD.95.055005
http://arxiv.org/abs/1611.06141
http://dx.doi.org/10.1103/PhysRevD.96.075023
http://arxiv.org/abs/1612.00784
http://dx.doi.org/10.1103/PhysRevLett.117.031801
http://dx.doi.org/10.1103/PhysRevLett.117.031801
http://arxiv.org/abs/1601.03736
http://dx.doi.org/10.1016/j.nuclphysb.2018.09.004
http://arxiv.org/abs/1711.04840
http://dx.doi.org/10.1007/JHEP04(2017)116
http://arxiv.org/abs/1701.04828

[75] P. Coloma, M. Gonzalez-Garcia, M. Maltoni, and T. Schwetz, “COHERENT Enlightenment of the Neutrino Dark
Side,”
[76] K. J. Kelly, “Searches for new physics at the Hyper-Kamlokande experlment ”

[77] J. M. Hyde, “Biprobability approach to CP phase degeneracy from non-standard neutrino interactions,”

, .

[78] P. Coloma, 1. Esteban, M. Gonzalez-Garcia, and M. Maltoni, “Improved global fit to Non-Standard neutrino
Interactions using COHERENT energy and timing data,”

[79] I. Esteban, M. Gonzalez-Garcia, and M. Maltoni, “On the Determination of Leptonlc CP Violation and Neutnno Mass
Ordering in Presence of Non-Standard Interactions: Present Status,” ,

[80] J. Kopp, P. A. Machado, and S. J. Parke, “Interpretation of MINOS Data in Terms of Non-Standard Neutrino
Interactions,”

[81] S. Choubey and D. Pramanik, “On Resolvmg the Dark LMA Solution at Neutrlno Oscillation Experiments,”

[82] B. Dutta, R. F. Lang, S. Liao, S. Sinha, L. Strigari, and A. Thompson, “A global analysis strategy to resolve neutrino
NSI degeneracies with scattering and oscillation data,”
[83] P. B. Denton and J. Gehrlein, “A Statistical Analysis of the COHERENT Data and Apphcatlons to New Physics,”

[84] Super-Kamiokande Collaboration, G. Mitsuka et al., “Study of Non-Standard Neutrino Interactions with Atmospheric
Neutrino Data in Super- Karnlokande I and I1,”

[85] IceCube Collaboration, M. Aartsen et al., “Search for Nonstandard Neutrino Interactlons with IceCube DeepCore

[86] 1. Esteban, M. Gonzalez-Garcia, M. Maltoni, I. Martinez-Soler, and J. Salvado, “Updated Constraints on Non-Standard
Interactions from Global Analysis of Oscﬂlatlon Data,”

[87] I. Girardi, D. Meloni, and S. Petcov, “The Daya Bay and T2K results on sin® 2013 and Non-Standard Neutrlno
Interactions,”

[88] J. Liao and D. Marfatia, “Impact of nonstandard interactions on sterile neutrlno searches at IceCube,”

[89] F. Capozzi, S. S. Chatterjee, and A. Palazzo, “Neutrino Mass Ordering Obscured by Nonstandard Interactions,”

[90] P. B. Denton, J. Gehrlein, and R. Pestes, “CP-Violating Neutrino Non-Standard Interactions in
Long- Basehne Accelerator Data,”
[91] S. S. Chatterjee and A. Palazzo, “Non-standard neutrino 1nteract10ns as a solution to the NOvA and T2K discrepancy,”

[92] COHERENT Collaboration, D. Akimov et al., “The COHERENT Experiment at the Spallation Neutron Source,”

[93] COHERENT Collaboration, D. Akimov et al., “Observation of Coherent Elastic Neutrino-Nucleus Scattering,”

)

[94] J. Liao and D. Marfatia, “COHERENT constraints on nonstandard neutrino interactions,”

[95] P. B. Denton, Y. Farzan, and I. M. Shoemaker, “Testing large non-standard neutrino interactions with arbitrary
mediator mass after COHERENT data,”
[96] J. Heeck, M. Lindner, W. Rodejohann, and S. Vogl, “Non—Standard Neutrino Interactions and Neutral Gauge Bosons,”

, .
[97] C. Giunti, “General COHERENT constraints on neutrino nonstandard interactions,”

[98] M. Cadeddu, N. Cargioli, F. Dordei, C. Giunti, Y. Li, E. Picciau, and Y. Zhang, “Constraints on light vector mediators
through coherent elastic neutrino nucleus scattering data from COHERENT,”
[99] D. Z. Freedman, “Coherent Neutrino Nucleus Scattering as a Probe of the Weak Neutral Current,”
[100] J. Barranco, O. Miranda, and T. Rashba, “Probing new physics with coherent neutrino scattering off nuclei,”

, .
[101] K. Scholberg, “Prospects for measuring coherent neutrino-nucleus elastic scattering at a stopped-pion neutrino source,”

[102] B. Dutta, S. Liao, L. E. Strigari, and J. W. Walker, “Non-standard interactions of solar neutrinos in dark matter
experiments,”

[103] C. Bee hm, D. Cerdefio, P. Machado, A. Ohvares Del Campo, E. Perdomo, and E. Reid, “How high is the neutrino
floor?,”

[104] M. Gonzalez-Garcia, M. Maltonl Y. F. Perez-Gonzalez, and R. Zukanovich Funchal, “Neutrino Discovery Limit of Dark
Matter Direct Detection Experiments in the Presence of Non-Standard Interactions,” ,

[105] W. Chao, J.-G. Jiang, X. Wang, and X.-Y. Zhang, “Direct Detections of Dark Matter in the Presence of Non-standard

Neutrino Interactions,” ,


http://dx.doi.org/10.1103/PhysRevD.96.115007
http://arxiv.org/abs/1708.02899
http://dx.doi.org/10.1103/PhysRevD.95.115009
http://arxiv.org/abs/1703.00448
http://dx.doi.org/10.1016/j.nuclphysb.2019.114804
http://dx.doi.org/10.1016/j.nuclphysb.2019.114804
http://arxiv.org/abs/1806.09221
http://dx.doi.org/10.1007/JHEP02(2020)023
http://arxiv.org/abs/1911.09109
http://dx.doi.org/10.1007/JHEP06(2019)055
http://arxiv.org/abs/1905.05203
http://arxiv.org/abs/1905.05203
http://dx.doi.org/10.1103/PhysRevD.82.113002
http://arxiv.org/abs/1009.0014
http://arxiv.org/abs/1912.08629
http://arxiv.org/abs/2002.03066
http://arxiv.org/abs/2008.06062
http://dx.doi.org/10.1103/PhysRevD.84.113008
http://arxiv.org/abs/1109.1889
http://dx.doi.org/10.1103/PhysRevD.97.072009
http://arxiv.org/abs/1709.07079
http://dx.doi.org/10.1007/JHEP08(2018)180
http://arxiv.org/abs/1805.04530
http://dx.doi.org/10.1016/j.nuclphysb.2014.06.014
http://arxiv.org/abs/1405.0416
http://dx.doi.org/10.1103/PhysRevLett.117.071802
http://dx.doi.org/10.1103/PhysRevLett.117.071802
http://arxiv.org/abs/1602.08766
http://dx.doi.org/10.1103/PhysRevLett.124.111801
http://dx.doi.org/10.1103/PhysRevLett.124.111801
http://arxiv.org/abs/1908.06992
http://arxiv.org/abs/2008.01110
http://arxiv.org/abs/2008.04161
http://arxiv.org/abs/1509.08702
http://dx.doi.org/10.1126/science.aao0990
http://arxiv.org/abs/1708.01294
http://dx.doi.org/10.1016/j.physletb.2017.10.046
http://dx.doi.org/10.1016/j.physletb.2017.10.046
http://arxiv.org/abs/1708.04255
http://dx.doi.org/10.1007/JHEP07(2018)037
http://arxiv.org/abs/1804.03660
http://dx.doi.org/10.21468/SciPostPhys.6.3.038
http://arxiv.org/abs/1812.04067
http://dx.doi.org/10.1103/PhysRevD.101.035039
http://dx.doi.org/10.1103/PhysRevD.101.035039
http://arxiv.org/abs/1909.00466
http://arxiv.org/abs/2008.05022
http://dx.doi.org/10.1103/PhysRevD.9.1389
http://dx.doi.org/10.1103/PhysRevD.9.1389
http://dx.doi.org/10.1088/1126-6708/2005/12/021
http://dx.doi.org/10.1088/1126-6708/2005/12/021
http://arxiv.org/abs/hep-ph/0508299
http://dx.doi.org/10.1103/PhysRevD.73.033005
http://arxiv.org/abs/hep-ex/0511042
http://dx.doi.org/10.1016/j.physletb.2017.08.031
http://arxiv.org/abs/1705.00661
http://dx.doi.org/10.1088/1475-7516/2019/01/043
http://arxiv.org/abs/1809.06385
http://dx.doi.org/10.1007/JHEP07(2018)019
http://arxiv.org/abs/1803.03650
http://dx.doi.org/10.1088/1475-7516/2019/08/010
http://arxiv.org/abs/1904.11214

[106] A. Friedland, M. L. Graesser, I. M. Shoemaker, and L. Vecchi, “Probing Nonstandard Standard Model Backgrounds
with LHC MOHOJetS

[107] D. Buarque Franzosi, M. T. Frandsen, and I. M. Shoemaker “New or v missing energy: Discriminating dark matter
from neutrino interactions at the LHC 7

[108] A. de Gouvéa, P. B. Dev, B. Dutta, T. Ghosh, T. Han, and Y. Zhang, “Leptomc Scalars at the LHC,”

[109] T. Han J. Liao, H. Liu, and D. Marfatia, “Nonstandard neutrino interactions at COHERENT, DUNE, T2HK and
LHC,”

[110] K. Babu, D. Gongalves, S. Jana and P. A. Machado, “Neutrmo Non-Standard Interactions: Complementarity Between
LHC and Oscillation Experiments,”

[111] T. Han, J. Liao, H. Liu, and D. Marfatia, “Scalar and tensor neutrlno interactions,” ,

[112] DUNE Collaboration, R. Acciarri et al., “Long-Baseline Neutrino Facility (LBNF) and Deep Underground Neutrino
Experiment (DUNE): Conceptual Design Report, Volume 2: The Physics Program for DUNE at LBNF,”

[113] DUNE Collaboration, B. Abi et al., “Deep Underground Neutrino Experiment (DUNE), Far Detector Technical Design
Report, Volume IT DUNE Physics,” .

[114] Hyper-Kamiokande Proto- Collaboration, K. Abe et al., “Physics potential of a long-baseline neutrino oscillation
experiment using a J-PARC neutrino beam and Hyper-Kamiokande,” ,

[115] JUNO Collaboration, F. An et al., “Neutrino Physics with JUNO,” ,

[116] Hyper-Kamiokande Collaboration, K.. Abe et al., “Physics potentials with the second Hyper-Kamiokande detector in

[117] ggrsefluSB Collaboration, E. Baussan et al “A very intense neutrino suoer beam experiment for leptonic CP violation
discovery based on the European spallatlon source linac,” ,

[118] IceCube. Collaboration, A. Ishihara, “The IceCube Upgrade — Design and Science Goals,”

[119] KMéNet Collaboration, S. Adrian—l\/[art.inez et al., “Letter of intent for KM3NeT 2.0,”

[120] KM3NeT Collaboration, N. R. Khan Chowdhury, “Neutrino Oscillations and Non-standard Interactions with
KM3NeT-ORCA,” in Prospects in Neutrino Physics. 4, 2020.


http://dx.doi.org/10.1016/j.physletb.2012.06.078
http://arxiv.org/abs/1111.5331
http://dx.doi.org/10.1103/PhysRevD.93.095001
http://arxiv.org/abs/1507.07574
http://dx.doi.org/10.1007/JHEP07(2020)142
http://dx.doi.org/10.1007/JHEP07(2020)142
http://arxiv.org/abs/1910.01132
http://dx.doi.org/10.1007/JHEP11(2019)028
http://arxiv.org/abs/1910.03272
http://arxiv.org/abs/2003.03383
http://dx.doi.org/10.1007/JHEP07(2020)207
http://arxiv.org/abs/2004.13869
http://arxiv.org/abs/1512.06148
http://arxiv.org/abs/2002.03005
http://dx.doi.org/10.1093/ptep/ptv061
http://arxiv.org/abs/1502.05199
http://arxiv.org/abs/1502.05199
http://dx.doi.org/10.1088/0954-3899/43/3/030401
http://arxiv.org/abs/1507.05613
http://dx.doi.org/10.1093/ptep/pty044
http://arxiv.org/abs/1611.06118
http://dx.doi.org/10.1016/j.nuclphysb.2014.05.016
http://arxiv.org/abs/1309.7022
http://arxiv.org/abs/1309.7022
http://dx.doi.org/10.22323/1.358.1031
http://dx.doi.org/10.22323/1.358.1031
http://arxiv.org/abs/1908.09441
http://dx.doi.org/10.1088/0954-3899/43/8/084001
http://dx.doi.org/10.1088/0954-3899/43/8/084001
http://arxiv.org/abs/1601.07459
http://arxiv.org/abs/2004.05004

	Snowmass LOI: Neutrino Non-Standard Interactions
	References


