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Three-neutrino oscillations

Vo = > _ Uik, P(a = f; E, L) =
k

parameter best fit £ 10 30 range
Am3, [L0~%eV?] 755701 7.05-8.14
|Am? [ [1073¢V?] (NO)  2.50£0.03  2.41-2.60
| Az | [107%eV?] (1O) 2427008 2.31-2.51
sin? 0;,/107" 3.200038  2.73-3.79
sin? 0,4 /10~ (NO) 5471030 4.45-5.99
sin? 0,4 /1071 (1O) 5517035  4.53-5.98
sin® 013/1072 (NO) 2.1601 0085 1.96-2.41
sin’ f15/1072 (1O) 2.22015074  1.99 2.44
/7 (NO) 1.32597  0.87-1.94
§ /7 (10) 1.567018  1.12-1.94

k,J

20

UsiUskUasUg €

Am2

2FE

kj

L

]
0.028

4 N - 3 4
=10 — qH B —
< F - ] ]

st = =N =
R N 1r " 4
0 ' T . I . T
0. 0.4 0.5 0.6 0.016 0.02 0.024
.2 .2
sin 923 sin 913
20 VARE
— I
- I
R ]
15 a

~ N ]
=10 —
< ¢

5E —
(] 1 1 1 1 1 | n -I L1l L1 11 1 1
2.2 24 26 0

Am), [1076V7]

|am] | 107V

Phys.Lett. B782 (2018) 633-640, P.F. de Salas, D.V. Forero, CAT, M. Tortola, J.W.F. Valle
https://globalfit.astroparticles.es/

See also: - Bari-group, Prog.Part.Nucl.Phys. 102 (2018) 48-72
- v-fit, JHEP 1901 (2019) 106


https://globalfit.astroparticles.es/

Three-neutrino oscillations

* Neutrino mass ordering
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Three-neutrino oscillations

* Neutrino mass ordering
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The DUNE experiment

* One of the next generation neutrino experiments

» DUNE will consist of two detectors using liquid
argon as interaction material

* Here we focus on DUNE as an experiment for
atmospheric neutrinos




Atmospheric neutrino oscillations

* DUNE will be able to measure the mass ordering
using the muon-neutrino disappearance channel

» The disappearance probability P, gets suppressed

(enhanced) for normal (inverted) ordering due to
matter effects T )

» Even though the appearance ~
channel is more sensitive to
matter effects, the
disappearance channel is
statistically more relevant




Event topologies at DUNE

* Roughly 75% percent of the muons are going to be
captured by protons in Argon

* Anti-muons can not get captured and decay

neutrino: vy + n = - +{p)
75% Lo capture

25% L -|- Ve + Vpu

antineutrino: vy +p =yt +n

100% L + Ve + Vi,



Event topologies at DUNE

* This results in distinguishable topologies

p-capture  1~540ns = . Capture event In
' ArgoNeuT

LArIAT Collaboration,
arXiv:1406.5560

 Decay event in
MicroBooNE

MicroBooNE Collaboration,
JINST 12 (2017) no.09

e Events have to be
CONTAINED to allow

charge tagging




Analysis

* We simulate the signal from atmospheric neutrinos
at DUNE taking into account fluxes (Barr et al),
interactions (GENIE) and detector geometry (DUNE)

* Next we try to reproduce this signal with the “wrong”
mass ordering

* |n the simulation we have to account for systematic
uncertainties of the experiment. We also marginalize
over the relevant oscillation parameters

Barr, Gaisser, Lipari, Robbins, Phys. Rev. D70 (2004) 023006
GENIE team, Nucl. Instrum. Meth. A614 (2010) 87-104



Analysis

* We perform two different analyses, one without and
one with charge tagging via muon capture
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Result

* The sensitivity to the mass ordering increases a lot!

* For true normal ordering 4-5c¢ for all values of the

atmospheric angle
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Conclusions

* DUNE can be used as an experiment for
atmospheric neutrinos

* Using charge tagging via muon capture increases
the sensitivity to the mass ordering considerably and
makes (ATM-) DUNE compatible with experiments
ike ORCA, PINGU and INO

* The same technique could be used to reduce
backgrounds in the beam analysis
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