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Non-Standard Interactions

� NSIs appear naturally in several extensions of the Standard
Model (SM) which try to provide mechanisms for the origin
of neutrino masses.

� NCNSIswould affect neutrinooscillations inmatter through
coherent forward scattering.

� Atmospheric � experiements are most sensitive to "��

and "�� � "��, followed by "Ɣ� and "Ɣ�.

L =
�2

p
2fe"

Ư¹;ø
�� (���
�õ¹��)

�
�Ư
�õ¹;øƯ

�

H = 1
2

UõÃÅĈ

24 0 0 0
0 � 2

21 0
0 0 � 2

31

35 U+
õÃÅĈ + (ɧ)

24 1 + " " � " �

"�
� "�� "��

"�
� "�

�� "��

35 ; (ɧ) =
p

2feǯ (ɧ)

IFIC (UV-CSIC) Results on Neutrino Non-Standard Interactions with KM3NeT/ORCA6 and ANTARES 2/23



Non-Standard Interactions

� NSIs coupling strengths inspected ony by one. They
give rise to a rich phenomenology.

� Difference in õ�� between standard oscillations and
different realizations of NSIs coupling strengths.
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KM3NeT/ORCA6 and ANTARES

ANTARES
� 25 storeys with 3 single-PMT Optical Modules

(OMs).
� 12 detection lines from 2008, decommissioned in

2022.
� � 70m horizontal line spacing, � 14.5m vertical

storey spacing.
� Detection of high-energy neutrinos.

KM3NeT/ORCA
� 18Multi-PMTDigital OpticalModules (DOMs) along

vertical Detection Units (DUs).
� 18 DUs deployed out of 115 foreseen.
� � 20m horizontal DU spacing, � 9m vertical DOM

spacing.
� Measurement of Neutrino Mass Ordering and
neutrino oscillation parameters.
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KM3NeT/ORCA6 dataset

� First configuration of ORCA with 6 DUs
(January 20- November 21).

� 433 kton-yr of exposure after run
selection:

� Strict quality criteria on environmental
conditions.

� Stability of the data taking.

� Filtering of pure noise events based on
reconstruction quality and trigger
conditions.

� BDTs used to discriminate neutrino vs
atm. muon and track vs shower.

� Three PID classes, approximately
equally populated.



KM3NeT/ORCA6 dataset

� High purity tracks with 95% ��/���-CC,
< 1 : �.

� Low purity tracks with 90% ��/���-CC,
4 : �.

� Showers with 46% ��/���-CC, 1 : �.

� High purity tracks bring the highest sensitivity
to � oscillations.

� Low purity tracks help constraining systematics.



ANTARES dataset

� Dataset from 2007 to 2016. 2830 days of livetime
analysed.

� 7710 events selected into a single track-like
class.

� Event selection based on previous ANTARES
oscillation analysis 10.1007/JHEP06(2019)113.

� Single-line and multi-line event reconstruction.

� Reconstructed energies from 16 GeV to 100 GeV.

� NSI sensitivity from bulk of statistics with high
energy � migration.

� Published results 10.1007/JHEP07(2022)048
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Analysis method

� Maximum Likelihood Estimation of the parameters:
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� Profiled likelihood scans of the NSIs parameters, one by
one:
�2 (LÅĈsȩ/LƅƯ) = �2� L.

� Binning in PID� (K / ) � �ɲ

� 3 PID bins x 15x10 binning for ORCA6

� 1 PID bin x 8x17 for ANTARES

� Uncertainties in flux, detector,
cross-section and background
modelling in ORCA6.

Nominal value Syst. unc.
�ǭ2

31 � 10�3 [ ] 2.517 (NO) /-2.424 (IO) free
�ǭ2

21 � 10�5 [ ] 7:42 fixed
�23 [�] 49.2 (NO) / 49.3 (IO) free
�21 [�] 33.44 fixed
�31 [�] 8.57 (NO) / 8.60 (IO) fixed

High purity Normalisation 1.0 free
Overall Normalisation 1.0 free
Shower Normalisation 1.0 free

Atm. Muon Normalisation 1.0 free
HE Light Sim 1.0 50%
Energy Scale 1.0 9%

Flux energy slope 0.0 10%
Flux zenith slope 0.0 2%
�� Normalisation 1.0 20%

� NC Normalisation 1.0 20%
��/��� 0.0 5%
�Ɣ/��Ɣ 0.0 7%
��/�Ɣ 0.0 2%
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Results: "�� and "�� � "��

� Complex NSIs strengths explored in ORCA6.

� Correlated real valued "�� vs "�� � "�� in
ANTARES.

� No significant deviation from standard
interactions found in the datasets.

Hypothesis Best fit p-value

ORCA6

j"�� j; ��� 1+3
�1 � 10�3; (0+360

�0 )� 0:66
"�� � "�� (0 � 1) � 10�2 0:90
j"Ɣ� j; �Ɣ� (4 � 3) � 10�2; (190 � 70)� 0:23
j"Ɣ�j; �Ɣ� (3 � 2) � 10�2; (140 � 70)� 0:25

ANTARES
"�� (�1 � 2) � 10�3

0:09
"�� � "�� 0:032+0:014

�0:008

10.1007/JHEP07(2022)048
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