Sterile Neutrino search using
atmospherics in DUNE
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Ingredients for the analysis
START

Addition of sterile neutrino -> modification of
active neutrino oscillation probabilities -> main
observable is a change in baseline number of

The Deep Underground Neutrino Experiment is a next generation long-
baseline neulrino experiment set fo have precise measurements of neufrino
oscillation parameters using :
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DUNE FDs can study both beam and
atmospheric neutrinos generatfed by
Incoming cosmic rays
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This work aims at understanding the potential impact of the different e
systematics and detector reconstruction parameters on the sensitivity trying to (}0
include NC. It will be further completed with full simulation studies
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A linestyle in tThe plot
corresponds fo a specific set of
parameters used for one study
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Ability To identify different types of events. Here classified in 3 categories : - Dash-dof line -> constant 105______________________::::‘_‘_‘_j-_-_~_-_-_-_._.,__________,___=
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Same principle as for angular resolution considering linestyle :
- Dash-dof -> constant models used in previous study (Ref 2)
- Dash -> estimation of more detailed behavior considering
oc/E = a + b/VE | dependance for the 3 topologies
- Dot -> opfimistic resolution using same model dash set and same
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One-dimensional log-likelihood fits

Study impact of different parameters on the minimum Poisson log-likelihood fits"pseudo
data" - model as a function of each sterile neutrino mixing angle : 8,4, 6,4, and B3,
Parameters included in the fit are :
-> Systematics : flux normalisation with a 10% prior, scale of NC conftribution
with a 5% prior, v/anti-v skew with a 5% prior and v, /v, skew with a 3% prior

-DUNE Work in progress

O
01l T T

O./E=a+Db/E

C
O
(fairly optimistic values, more studies on the way) 204 Toy model - - Solid: v, and v,
. . L TSe === Ve:a=0.15b=0. . .
-> &cp phase, Am?,, and 6,, fixed to Nufit 5.2 values é 03L - by a=01,b=005 ] energy resolutions
> all other parameters set free O NH-400Ktyear e S fitted to results
; . =028 e T .
- DUNE Work In Progress // 8 - obfained from
First fix all parameters then release them 8 Toy nr_\od?l with / 0.1 IR iy ! recent preliminary
_ St | simble ; : . fited from Simulation veemlia.™ et : _
sequentially. Observe likelihood change | sysfe,ﬁqﬁcs S s g gl v e rom sjmy@;i%nuresuns o Alia- 005 =lo..05.1301 atmospherics
0 i i ¢ S — vUSkew | . ] 1 ]
from one curve to the next going left to right T | L o s ony A msien Energy (GeV) simulation analysis (Ref4)
-> Impact of each released parameter can -,/ —— Normalisatior AR 76, -
be understood | s sin? 614 §
' LT e sin” 6y, ; .
Dotted curves show set of parameters 2r g 6in26,. ; Soon : fuIIy quted contours
having ~ same impact on fit e A 5 with different models for
-> possibility to fix or put priors on some of P00 002 004 0.06 008 0.10 0.12 0.14
them sin2 034 detector performances

(1) Deep Underground Neutrino Experiment (DUNE), Far Detector Technical Design Report, Volume |I: DUNE Physics, DUNE Collaboration, 2002.03005 (hep-ex)
(2) Tarak Thakore for the DUNE Collaboration, "Sensitivity study to Neutrino Mass Ordering and sterile neutrino model parameters with atmospheric neutrinos measurements at DUNE", Neutrino 2022 poster
(3) L. Maderer, E. Kaminski, J. A. B. Coelho, S. Bourret and V. Van Elewyck, "Unveiling the outer core composition with neutrino oscillation fomography”, Front. Earth Sci. 11 (2023), 1008396
(4) Henrique Souza for the DUNE Collaboration, "Angle and energy reconstruction of atmospheric neutrinos in DUNE experiment”, Neutrino 2024 poster



