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Sterile Neutrino Search with KM3NeT-ORCA

* The low energy configuration of KM3NeT[1] : Oscillation Research with
Cosmics in the Abyss (ORCA) will study atmospheric neutrino oscillations,
with the primary goal of Neutrino Mass Ordering (NMO) determination
and constrain BSM physics models such as sterile neutrinos and NSI.

* With v, and v, atmospheric flux components, and benefitting from earth
matter effects, ORCA can simultaneously constrain mixing angles 8,,, 6,,
and 0, in the (3+1) neutrino mixing model.

* For ORCA, the accessible L/E range spans 10 — 10* km/GeV, enabling it to
constrain the (3+1) sterile neutrino model over Am?,, ~ [10% -1 ) eV~

(3+1) Mixing Matrix Parametrization
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For baselines relevant to ORCA, matter effects play an important role in
governing neutrino oscillation probabilities at Am?,, ~ Am?;, eV?.
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lllustrative Oscillation Probability Plots
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Oscillation probabilities are obtained using the publicly available OscProb
package[2]. NuFit v4.1[3] oscillation parameter values and the PREM
density profile[4] with 44 density layers have been used. The probabilities
are averaged over energy with a resolution o./E=0.10.

Artistic impression of ORCA

Analysis Procedure

The sensitivity analysis makes use of the full ORCA MC production for the 20m detector geometry.

A response matrix method[5] is used to map true (E,cos 8) to reconstructed (E"¢,cos 0"¢) for the observed event
topologies : Track-like, Shower-like and Middle-like.
The PID scores to classify event topologies are obtained using a Random Decision Forest algorithm.

Reconstructed Energy Range : [3,100] GeV, only the up-going events are used.

Event rate calculations include all CC disappearance and appearance channels, as well as the NC disappearance channel.
The NuFit v4.1 global fit results[3] are used as benchmark oscillation parameters.

Atmospheric Neutrino Flux, HKKM 2014 at Gran Sasso site [6] has been used for this analysis.

We assume Normal mass ordering for 3-flavor sector, Am?,, >0, and the solar oscillation parameters are fixed for all cases.

KM3NeT review talk :
D. Samtleben, June 30

Asimov Sensitivity Results

List of Fitted Parameters

Fitted Parameters Central Prior
Value
TrackNorm 1 free
MiddleNorm 1 free
ShowerNorm 1 free
v /anti-v  flux skew 0 0.05
v./anti-v, flux skew 0 0.05
v /v, flux skew 0 0.05
Energy slope 0 0.05
Zenith angle slope 0 0.02
Flux E-Scale 1 0.05
NC scale 1 0.1
0, 48.6 free
Am?2,, 2.528 x 103 | free
eV?
0,5 8.6 0.13
Scp 221 free
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* At Am?,, = 0.3 eV2, ORCA will improve bounds in the parameter space sin? 0,, —sin? 0,, cos? 0,, .

* For Am?,,< 0.1 eV? all three sterile neutrino mixing angles can be tightly constrained, providing
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complementary information to the eV-scale sterile neutrino searches.
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