New physics from oscillations at the DUNE
near detector and the role of systematic
uncertainties

S a lV a d or U rrea (Salvador.Urrea@ific.uv.es)
Based on arXiv:2105.11466

In collaboration with Pilar Coloma, Jacobo Lopez-Pavdn, Salvador Rosauro-Alcaraz

IF I con T &0 GENERALITAT
( : en— VALENCIANA
N

VNIVEKSITAT lNSTITUT DE l l CIDEGENT/2018/019
DEFVALENCIA PUSCU

Salvador Urrea Gonzilez (IFIC) September 8, 2022



DUNE will test the robustness of the three-neutrino picture.

Sanford Underground
Research Facility

Fermilab

Far detector vs near detector

o Near detector measurements
Sources of systematics reduce the far detector
o Cross sections systematic uncertainties.
o v flux o New physics at the near
detector (heavily affected by
systematics) )
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Overview

@ Theoretical scenarios: non-unitarity and sterile neutrinos

© New sensitivity analysis at DUNE near detector




Non-unitarity and sterile neutrinos

More than 3 massive neutrinos

1 — N33 O3 (n-3)
Rin—3)x3 S(n—3)x(n—3)

Non-unitarity Sterile neutrinos

m > EW m << EW
e Strong constraints from EW o We recover unitarity at EW
and flavor precision data. Enrique processes.

Fernandez-Martinez, et al. arXiv:1605.08774; ° Produced at neutrino beams as

Stefan Antusch et al. arXiv:1407.6607) DUNE

@ Not produced at neutrino
beams as DUNE.

e Bounds from oscillations.

(Mattias Blennow, Pilar Coloma, et al.

arXiv:1609.08637)
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Non-unitari

Non-unitary mixing matrix

2
)

Pos = |(NS'N) .| 8" = exp(~iHL)

Common parametrization of N

_aT,u, 1-— Orr

—ayu, 0 Upmns




at near detector

Standard unitary case

Non-unitarity appearance Non-unitarity disappearance

v#B

- 2
on-unitarity _

T 2
= losf* Pg e = ‘(NM )BB‘ =1 —dag

Salvador Urrea Gonzilez (IFIC) September 8, 202: 6/29



Sterile neutrinos 3+1

4 x 4 unitary matrix

4 x 4 unitary matrix

pltgriles _ l (USU T)Ba 2

,§ = diag (exp (—z’AmJQ-lL/2E))
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Sterile neutrino 341 at near detectors

Sterile neutrino appearance Sterile neutrino disappearance
Am? Am?, L
PSBL = 4| U,a|? | Upa|” sin® < 411jl ) P%%L:1—4|U54|2 (1—\U/34| )sm ( 42‘4 )

Aml_l

Averaged-out limit > 1

<P?,]§T > = 2| Uaal? | Upal?, <P%P63L> =1-2|Usl* (1 B |U54‘2)
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From 3+1 sterile neutrino scenario to a parametrization

Mapping

el 0 0 LU 0 0
el el 0 = | Ul |Ue % | Upal 0 )
re] |azy| o] | Ura| |Ues| | Ural | Upa| % | U4




Sterile neutrino 341 averaged-out limit vs non-unitarity

Non-unitarity m > EW Averaged-out limit EW > Am? > 100eV?>

PP = g PP = 2 fansf
P35 =1 —dag; | Pgs =1 — 4dagg J
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DUNE set-up

Globes files

DUNE Collaboration, arXiv:2103.04797 [hep] 8 Mar 2021.

Flux configuration

Beam configuration  Power E, PoT/yr  t, (yr) ¢t (yr) Mget
Nominal 1.2 MW 120 GeV 1.1 x10*' 355 3.5  67.2 tons
High-Energy 1.2 MW 120 GeV 1.1 x10*' 35 - 67.2 tons
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What has been done in the literature?

e Sterile neutrinos sensitivity analysis for v, appearance and disappearance and v,
disappearance at both near and far detectors. (Only considering global
normalization systematics).(UNE Collaboration, arXiv:2008.12769v1)

@ Uy appearance Channel in the faI‘ detector-(André de Gouvéa, Kevin J. Kelly, G. V. Stenico, Pedro
Pasquini, arXiv:1904.07265)

@ Analysis for non-unitarity and sterile neutrinos including energy shape uncertainties
in Othel“ Set-upS. (Wlthout lncludlng VT)(F4 J. Escrihuela, D. V. Forero, O. G. Miranda, M. Tortola, J. W.

F. Valle, arXiv:1503.08879)




What is new?

@ We have included spectral shape uncertainty in all channels for steriles neutrinos,
the averaged out limit and non-unitarity at DUNE near detector.

@ We have explored the . appearance channel at the DUNE near detector.

@ We have explored the sensitivity for NSI in detection and production including shape
uncertainties.
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Challenges and assumptions

Vr appearance

Detection difficulties:
e Energy threshold of 7 production 3.2 GeV.

e Short lifetime of 7, indirect measurement via hadronic decays(~ 65% branching ratio).

e NC background, we have considered a sample in which 30% of the hadronic events

are ldentlﬁed keeplng 05% Of NC background.(André de Gouvéa, Kevin J. Kelly, G. V. Stenico, Pedro
Pasquini, arXiv:1904.07265v1)
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Why is the shape uncertainty very important for the near detector?

Appearance channel v, nominal beam neutrino mode

Background ]

Type of s

@ 100000

Energy window Signal [ay,| = 0.025 m— @ Global normalization
error. Marginal
impact on the
sensitivity.
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-
=3
=]

e Shape uncertainty:
a normalization error
in each energy beam.
High impact on the

Events/(0.125GeV-year)

12 14 16 18

Eobs(GeV)

sensitivity.

The sensitivity comes from the spectral
information.
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Appearance averaged-out results
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Sterile neutrinos

V. appearance v, disappearance

oo . Am2, L o A Am3, L
P,.=4 (,/‘(;4\2\ U#4|2 sin? <4—1134> Pee=1-—4| Uﬂ\z (1 — \UM“) sin? (4—;)
Vr appearance v, disappearance
Am2, L 2
_ 2 2 .2 14 ; Ami, L
Pur =410l st (SFHE) | 210 (1 ) i (mt)
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Combined analysis of the three channels P,. + P.. + P,,

Pue + Pee + P,y no shape  ——
Pue + Pee + Py 2% shape ===
Pe + Pee + Py 5% shape
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Vr appeéarance
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Prospects and conclusions

e For the rest of the results, v, and v,, disappearance and NSI in production and
detection check our paper arxiv:2105.11466.

o Whenever ratio signal background is very small and we obtain most of our
information from the spectra, the energy shape uncertainty plays a dominant role.

e Efforts must be made to try to reduce the shape uncertainty as much as possible if we
wish to have good sensitivity at this type of new physics measurements.

e [ndependent measurements of the cross sections can be made to improve on how well

we know their energy dependence.

e Even with our more conservative and realistic implementation of systematic
uncertainties, our results indicate that an improvement over current bounds is
generally expected.
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Back-up




Fluxes and v, cross section
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Figure: Comparison between the nominal v,, flux and the HE flux as a function of the neutrino
energy, in arbitrary units. Both curves are shown for neutrino mode only; the comparison is
qualitatively similar for the antineutrino running mode fluxes. For comparison, the v, CC cross

section is also shown.




Present bounds

“Non-Unitarity” “Light steriles”
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v, disappearance
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v, disappearance
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NSI in detection and production(mapping)

Near detector probability

2
Poo(L=0) = |[(T+ e (T+ )], | = lefh 2+ 1€, P+ 21ef ll, | cos(@3, — ).

Mapping with o parametrization

2cus P = e, P+ e, P+ 21e [l | cos(D3, — @)
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NSI in detection and production(results)

Appearance channel v, 90% C.L. Appearance channel v, 90% C.L.
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Figure: Sensitivity to NSI in production and detection. Results are shown for effects on the P,
(left panel) and P,, (right panel). In both panels the sensitivity is shown for the two limiting cases
A® = 7,0, which lead to a destructive and constructive interference between production and
detection NSI respectively.
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