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Outline

« 3-flavor paradigm in brief

« Current picture on neutrino mass and mixings

* Next generation neutrino oscillation projected experimental reach
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Neutrino Oscillation

In-flight transition between different
neutrino flavors caused by nonzero
neutrino masses and neutrino mixing
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- beyond Standard Model physics o ==
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Raymond Davis Jr. and Masatoshi Koshiba “for pioneering
contributions to astrophysics, in particular for the detection of
cosmic neutrinos”
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1212.6374v2

Takaaki Kajita and Arthur B. McDonald “for the discovery of
neutrino oscillations, which shows that neutrinos have mass”
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Quantifiable Known Unknowns

v absolute mass scale

Mass ordering —

Studied through neutrino
6,3 octant — oscillation measurements

6 complex phase -
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hree-neutrino Mixing Paradigm

(for oscillations in vacuum or sufficiently low densities)

Probability that a neutrino that begins as flavor « is detected in a charged-current (CC) interaction as flavor g:
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L is the distance traveled, E is the neutrino energy, and J = 3(U,,;Up;U,;Up;) is the Jarlskog coefficient.

Matter effect:
coherent forward CC
elastic scattering
o Differences in neutrino masses Amjzi set oscillation frequency (applicable to v,, v, only)

Physical parameters:
o Mixing angles 6;; between mass/flavor eigenstates set oscillation amplitude

o Off-diagonal phase ¢ is a CP violating phase
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Source Complementarity

Over-constrain parameter space to test 3 v formalism

Vy, 2V, V2V atmospheric, accelerator Solar neutrinos v) .
rays
Reactor
Ve = Vyr solar s Shower
I| L, F d[. Atmospheric
— — ar detector neutrinos
VQ — VX reaCtor Near detector (Vi ve)
V, DV, YV, 2V atmospheric, accelerator | rrowonacedor ™ v, beam diverges
2 X u X e ~ -
T ? N fa ' Far detector
VI,L - ve accelerator Target Magnetic horns Near detector
Earth

M.V. Diwan, V. Galymov, X. Qian, A. Rubbia, Annu. Rev. Nucl. Part. Sci. 2016, 66:47-71

*Adapted from A. de Gouvea
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Atmospheric
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« Complex phase that governs the difference
between v and v

BuliapIO [eWION

» Dictates the amount of CP violation in the lepton

mixing matrix
« At present, largely undetermined
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JUNO o
Jiangmen Underground Neutrino Observatory / ‘\\

« Reactor v, disappearance at 53 km baseline

from 2x ~20 GW reactor complexes Cal. House [ A\
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underground : ﬁ(/ fre ey - -'
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JUNO
Jiangmen Underground Neutrino Observatory
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Hyper-Kamiokande

New intermediate
Hyper-Kamiokande detector (IWCD) J-PARC

Near detectors

Leveraging existing JPARC/T2K Ty b 4 (ND280 upgrade, INGRID)

Yy

infrastructure with upgrades to: <«—9 T e (I -
I
-

« 1.3 MW (~3x current) 0.6 GeV
narrow band beam ~1 km

« 188 kton fiducial volume (~7x
Super-Kamiokande); 2027 projected
start of data taking

« Upgraded near detector complex

2027 projected start of data taking
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- * Unable to disambiguate CPV and MO solely with beam data,
Hyp er-Kam 10 kan d S although very high statistics with short baseline

e Strong constraint on 6
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DUNE
Deep Underground Neutrino Experiment

=k .
T dak Unoscillated
1285 km baseline with 2.5 GeV broadband beam g
and LAr target S 03F vV, -V,
= C
L C
T 02F
8 i
Exploits the matter effect which increases as a o= ¢
. o 2N w 0%
function of baseline like + Nrees 5.
e S s <.
0 2 4 6
it: L. Pick arin E, (GeV)

Constrain all parameters with single experiment

Sanford
Underground
Research Facility

NEUTRINO
PRODUCTION

[ UNDERGROUND PARTICLE
PARTICLE DETECTOR DETECTOR
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DUNE Far Detectors

4x 17kton LArTPC ~1 mile underground

« High-fidelity calorimetric energy reconstruction

from MeV-GeV

» Fine-tracking for particle 1D

Cavern excavation in progress

DUNE:ProtoDUNE-SP Run 5772 Event 15132

300
Wire Number

200 400
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Charge/tick/channel (ke)

Long-Baseline Neutrino Facility
South Dakota Site Neutrinos from
. Fermi National

‘ Accelerator Laboratory

in lllinois

Ross Shaft
1.5 km to surface

Facility
and cryogenic
support systems

One of four
detector modules of the
Deep Underground

Neutrino Experiment
4850 Level of

Sanford Underground
Research Facility

Detector located 1.5 kilometers
underground at Sanford Lab

Detector electronics ———— >




DUNE Near Detector Complex

Three complementary
detector systems working

in concert to constrain

(1) neutrino flux,
(2) interaction model,
(3) and detector response

to predict the observed neutrino spectrum at
the far detector

Far detector appearance signal:

Adapted from D. Dwyer
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DUNE Near Detector Complex

Three complementary
detector systems working

in concert to constrain

(1) neutrino flux,
(2) interaction model,
(3) and detector response

to predict the observed neutrino spectrum at
the far detector
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DUNE
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With no reliance on other experiments, definitive
DUNE ability to resolve the neutrino mass ordering

Mass Ordering Sensitivity Mass Ordering Sensitivity
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DUNE Approaching the era of precision measurements
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Summary

BSM physics with neutrino oscillation phenomena

In the next 10-15 years, we expect precision measurements of all neutrino mixing parameters
« Mass ordering
6,5 octant

« § complex phase

Leveraging redundant measurements in different channels we can over constrain the parameter space
- ultimate test of the 3 v framework
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