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The Physics of Neutrino Oscillation

flavor and mass eigenstates are different objects

SK web pages
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standard 3-v paradigm well established
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NO, IO (with SK-atm)

Current situation
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NUFIT 5.0 (2020)

Normal Ordering (best fit) Inverted Ordering (Ax™ = 2.7)
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Only a few remaining questions:

* is there CP violation in the lepton sector?
* what is the neutrino mass ordering?
* is 6__ larger or smaller than 45°7

3/8



Introducing DUNE

“Deep Underground Neutrino Experiment” “Physics goals”

-V and ; oscillations (&.p, 6,3, 0,3,

1300 km baseline :
Large (70 kt) LArTPC far detector ordering of nu masses)

1.5 km underground - Supernova burst neutrinos
Near Detector (ND) w/LAr component

- Beyond Standard Model processes

SURF Deep Underground Neutrino Experiment FNAL

Sanford — — = — —_
Underground — T . Fermilab
Research e S -
Facili e

"
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New Physics in the Neutrino Sector

* going beyond standard physics looking at v, — Vv_ transition

A.Ghoshal, A.Giarnetti and D.M.,

. c JHEP 12 (2019), 126
- less studied transition channel (2019)

- some new physics appears at first order in terms quantifying the size of the
new interaction relative to the weak scale (g)

Example 1: sterile neutrino states

Upnivg = R(Baq) R(Ba4) R(fag,62) R(014) R(013,63) R(f12,61)

"

three more angles two more CP-phases

one more
independent mass
differences: Am?,,
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Example 1: sterile neutrino states

1 :
Vy 7 V¢ sensitive to the combination: UiaUrs = = cos” 014 Sin fa sin 209,
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JHEP 08 (2018), 010
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-~ increase in sensitivity for 85, of about 20% compared to the case where t signal events
are not considered

> Good sensitivity to the other mixing angles at the level of 10-20 degrees

6/8



Example 2: Non-Standard Neutrino Interactions

 Modified matter effects * Source and detector NSI (@ ND)
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A.Ghoshal, A.Giarnetti and D.M., JHEP 12 (2019)
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A.Giarnetti and D.M., 2005.10272
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Conclusions

New neutrino experiments will probe the PMNS with huge precision

Possibility to investigate New Physics effects in Neutrino oscillations

The DUNE near and far detectors have the capabilities to probe
several “beyond the standard model” scenarios, including sterile
neutrinos and Non-Standard Interactions (NSI)

Our studies show that DUNE can strongly constrain new mixing angles
in the 3+1 scheme and some of the effective parameters of the NSI
scenarios
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