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Neutral current
Non-Standard Interaction (NSI)
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High energy scattering experiments
such as CHARM and NuTeV




Bounds from scattering experiments

From NuTeV : [e}%] < 0.006, |e,¢] < 0.018, |e,], |e,e] < 0.01,

From CHARM : |e2¥| <1, |29 < 0.9, [|e2¥],]e24] < 0.5.

S. Davidson, C. Pena-Garay, N. Rius, and A. Santamaria,
JHEP 03, 011 (2003), arXiv:hep-ph/0302093.
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Heavy mediator
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S. Davidson, C. Pena-Garay, N. Rius, and A. Santamaria,
JHEP 03, 011 (2003), arXiv:hep-ph/0302093.
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Invisible decay mode of Z bosons

S. Davidson, C. Pena-Garay, N. Rius, and A. Santamaria,
JHEP 03, 011 (2003), arXiv:hep-ph/0302093.
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Deuterium dissociation
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New solution found in SNO data
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P. Coloma, M. C. Gonzalez-Garcia, M. Maltoni,
J. a. P. Pinheiro, and S. Urrea, JHEP 08, 032 (2023)




Allowed ranges at 90% CL (1-parameter)

GLOB-0SC
[~2.1,—1.8] & [-0.19, +0.13] 2
(2.2, -1.7] & [0.26, 4-0.18] — g
[—2.1, -1.8] & [-0.20, 40.15] —e

P. Coloma, M. C. Gonzalez-Garcia, M. Maltoni,
J. a. P. Pinheiro, and S. Urrea, JHEP 08, 032 (2023)
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A model for Axial NSI

S. Abbaslu and Y. F.,

“A model for Axial Non-Standard Interactions of neutrinos with quarks,”
arXiv:2407.13834

Nucl.Phys.B 1018 (2025) 117070




Model building

New U(1) gauge symmetry
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Axial coupling to first generation quarks
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To cancel the U(1) — SU(2) — SU(2) anomaly,
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Based on

Saeed Abbaslu, Mehran Dehpour, YF., Sahar Safari
JHEP 04 (2024) 038
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Deep Inelastic Scattering (DIS) in the presence of NSI
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Deep Inelastic Scattering (DIS) in the presence of NSI
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Vo(p1) + N(p2) = va(ps) + X(p)  where N =n,p,

Ta(p1) + N(p2) = Ts(ps) + X(p') where N =n,p,
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m CT18 next-to-next to-leading order (CT1A8NNLO)
T.-J. Hou et al., Phys. Rev. D 103, 014013 (2021)

The CT18 PDF set is obtained by the CTEQ-TEA collaboration implementing a
comprehensive range of high-precision Large Hadron Collider (LHC) data, plus the
combined HERA |+II Deep Inelastic Scattering (DIS) data, along with the CT14 global

QCD analysis.
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Change of basis
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J. Tingey et al.

“Neutrino characterisation

using convolutional neural networks in CHIPS water Cherenkov detectors,”
JINST 18 (2023) no.06, PO6032



NP = / A(E) [(0)0, NP + (0,),, NYP] dE,
NP = / AP(E) [(00)5, NP + (0,)5, NYP] dE,

NP = [ 6EP(E) (0 NEP + (0 N3] dE,

NEFP = / P (E) [(0)re N + (0)on, NF] dE,

6.5 years for running in each neutrino and antineutrino mode

21
LT x 10" pot/year “CP-optimized”

https://glaucus.crc.nd.edu/DUNEFluxes/. “T-optimized”
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MEP = 67.2 ton and MEP = 40 kton

B. Abi, R. Acciarri, et al., arXiv:2103.04797 [hep-€ex].

Including the GAr detector and SAND would yield slightly

- LAr detector at the near site more statistics and therefore better results.
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Near detector

(A = NGNS

No senditivity to e5e?, ei and ed

ee s Cer
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Forecasting bounds from DUNE

Benchmarks:
et £, =0, =0
et =0, eMM£L0, e =0
Av = Al A2
et =t L =0



Isospin symmetric benchmark

EAuZGAd#O,GASZO

This benchmark is unconstrained by SNO:;

ég—eaﬁ (Ay — Ag) (644 — ehd) = 1.27 () — €49) .




Background

ND/FD ND/FD ND/FD
Bu/v/ — €cC(Ncc/ )u/v + GReS(NReS/ )u/%
ecc ~ 10%. €Res ~ 10%.

P. Coloma, D. V. Forero, and S. J. Parke, J. Tingey et al., JINST 18, PO6032 (2023)

JHEP 07, 079 (2018)

Mode Flux NAD BND NFED BFP
CP 198334815 128917629 18835 12242 6.5+6.5 years
g T 528621779 343604156 46059 29938
ClE 88543625 57553356 8244 5358

18145 11794

N

T 209747742 136336032




Background
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P. Coloma, D. V. Forero, and S. J. Parke, J. Tingey et al., JINST 18, PO6032 (2023)
JHEP 07, 079 (2018)

6.5+6.5 years

NP~ BND  0(10°%) NFP ~ BFP ~ 0(10%)
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Coloma, D. V. Forero, and S. J. Parke, JHEP 07, 079 (2018),
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Migration matrices?




Far detector
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Non-trivial solution of SNO
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Near Detector
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S. Davidson, C. Pena-Garay, N. Rius, and A. Santamaria,
JHEP 03, 011 (2003),

From NuTeV : [e5%| < 0.006, |e,?| < 0.018,

Ratio of NC/CC For an isospin symmetric target is independent of PDFs

How accurate is this symmetry?

cannot be better than 3 %.

O(15%)
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Summary of part 2

m The bound on Axial NSI can be improved by neutral current measurements at DUNE.

m The amount of improvements depends on how much the systematic errors are
under control.

m  While the tau mode is better for probing the mu components at near detector, the
CP mode is more efficient in probing ee, e tau and tau tau components at the far
detector.




MINOS and MINOS+




NC events of MINOS and MINOS+
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Summary of part 3

m Stay tuned!
m Bounds from existing the MINOS and MINOS+ data on

24 and |e29 < 0.2 — 0.3




