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Primary physics program of DUNE

@___,@ AOscillation physics

/ A Search fofeptonicCP violation
\ A Determine the neutrino mass hierarchy

A Precision PMNS measurements

ASupernova physics
A Observation of time and flavor profile provides
iInsight into collapse and evolution of supernova

A DUNE will have unique sensitivity to, flavor

ABaryon number violation
A Prediction of many BSM theories

A LAr TPC technology welsuited to certain proton
decay channel®(g, p© K*")

A D(B-L) , 0channels accessible.(j, n® n)
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Neutrinos have mass

But they are very light! Seesawmechanism?i Heavy
(possiblyGUT-scale) RHheutrinos alongsideght LH neutrinos:

Y meur 1015 GeV
10~ H GeV

Would imply that thghysics of neutrino masss
connected t@xtremely high energyscaledor at
least new physics of some kind).

W

Potential new physics signatures in oscillation expts:
nonunitarity, nonstandard interactions, neutrinos, large
extra di mensions, effective

Now textbook material, the seaw mechanism goes back to P. Minkowaki(?);
M. Gell-Mann, P. Ramond and R. Slansk@79; and T. Yanagidal®@79
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Neutrino mixing

, Experimental question:
|Ue3|_ 0 Uc ol = U_T3| ? : . 5
(recent discovery) ( Aimaxi ma l * Sif—, E0.5"
J Non-maximal mixing?
1 v If so, which way does it break?
3
? approx.1l:1:1ratio quark mixing:
é / R
v, [
v ]
QR ST AT T
7 e BV O
Standard parametrization of PMNS matrix:
1 0 0 C13 0 3133_35 c, S 0 ¢’ 0 0
U=|0 cpy 55Xl 0 1 0 [X|-s, ¢, OX| 0 €% 0
0 —sp Cp) |=s55€° 0 ¢ 0 0 1 o 0 1
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CP violation

New source ofCP violation required to explain
baryon asymmetry of universe

part-per-billion level of matter/antimatter
asymmetry in early universe

NeutrinoCPv allowed in” SM, but not yet observe:,
édue so far to the expe

Leptogenesisis a workable solutionfor the baryon
asymmetry, but need to firBhd any leptonic (neutrino) CPv

% s E0?

Leptonic CP violation?

1 M. Fukugita and T. Yanagidd986); rich history since then.
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’ m aSS h I e rarC hy 1 “normal” “inverted”

=2

Are the electromrich state$ ; & ', | &
. . , £
heavier or lighter than’ ;7 =

Far-reaching implications for such
a simple question:

-0'ff andMajorana nature of’ P. Guzowski et al., PRB2, 012002(2015

- Experimental approach to and
interpretation om

- Cosmologyandastrophysics 107

- Theoretical frameworks for -
flavor and mass generation L o2

Excluded at 90% confidence level

s i i Py s /////
Combination (CUORE, EXO-200, GERDA, KamLAND-Zgen, NEMO 3)

‘ NI\IIII

Inverted Hierarchy

Planck
95% limit

NOtlce _ Normal Hierarchy
An inverted hierarchy implies

<1.5% mass degeneracy |
OWoul d hi (eft“*/a% &o 5w 10° 10" :
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Flavor: A core problem for]  ~ flavor symmetry?
2Tt century particle physig ® @ @

2

N gauge symmetry?

Whatflavor symmetry can produce theg
observed pattern of mixings and mass
and how is that symmetry broken?

CHNOR)
© O @
Lo O O

Tackling this problem requirdgbeoretical and experimental progress.

More broadly:what are thelynamical
origins of fermion masses, mixings,
andCP violation?

Flurry of exciting theoretical work in recent years with emphasis on predictive po
and connections between low energy observablesephagenesis
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A next generation experiment for
neutrino science nucleon decay
andsupernova physics

Sanford
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Generic longbaseline experiment

ﬁ hundreds of kilometers

Near Detector

Far Detector

'.survi val (or ndi sappe
Py, —vy) = 1- sm 2923 sin?(Am3,L /4AF)
Y éto | ead

Experimental dataonsistent with unity (i.e., maximal mixing).
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Generic longbaseline experiment

ﬁ hundreds of kilometers

Near Detector

Far Detector

. appearance:

Py, — ve) =~ sin’f3 sin’263 sinQ(AmgzL/llE)

é p | potentially large CPvand
matter effect*modifications!

(massj

. See different potential than ; when

propagatlng through matter (here the earth

A

t a hierarchy-dependent effect
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Generic longbaseline experiment

ﬁ hundreds of kilometers

Near Detector

Far Detector

Importance of Near Detector

Observation:
[ %¢E) , (E) -(E) P..o. (E) +background s {detector effects}t,
7N T [ | o
2050% 20-50%  5-50% 5-50% a typical starting uncertainties

ND allows massive reduction in these uncertainties since
they are largely correlated between detectors (esp. if similar detect
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Long Baseline Neutrino Facility (LBNF)

A DUNE: The international scientific collaboration
A LBNF: DOE/Fermilabhosted facilities project, with international participation
A Horn-focusedbeamline similar toNuMI beamline

A 607 120GeV protons fronF e r mi Maia mjécsor

A 200m decay pipe a5.8° pitch, angled at South Dakota (SURF)

A Initial power1.1 MW, upgradable t@.4 MW

Apex of Embankment

Max. Height = 60" +
Elevation 800+ MI-10 Point of Extraction —

Near Detector Absorber Hall Target Hall Complex
Service Building Service Building (LBNF-20)

Primary Beam
(LBNF-30) Service Building
(LBNF-5)

(LBNF-40)

Muon Shielding
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Beamline optimization

ATheLBNF beam designhas evolved since the DUNE CDR nomin:
AGenetic algorithm used to explore spac@-aind3-horn options.
AResult is arengineered desigmwith flux and ultimateCPv reach

simi |l ar to earl i er (Bandlivties there ugeehd
latter.)
".atFD ‘eat FD
900 140
N DUNE v, disappearance - DUNE v, appearance
8001_ 3.5 years (staged) i 3.5 years (staged)
: 120 Normal MH, 5..,=0
700
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Beamline optimization

ATheLBNF beam designhas evolved since the DUNE CDR nomin:
AGenetic algorithm used to explore space-adr&d 3horn options.
AResult is arengineered desigmwith flux and ultimateCPv reach

simi |l ar to earl i er (Bandlivties there ugeehd
latter.)
. atFD ‘ecat FD
350 35
i DUNE v, disappearance i DUNE v, appearance
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DUNE Near Detector

A DUNE will have a Near Detector

A Constrain systematic uncertainties in neutrino flux,
neutrino scattering cross sections, and (to some
extent) detector response

A Also: allow a program of neutrinoucleus
scattering measurements and BSM searches

A Hybrid designs under development

A LAr TPC plus a downstream magnetized
high-pressurésAr TPC or finegrained tracker

ALaterally movablIPRIdavoe c

30-tonLAr T P CArgonCube )

Magnet

MAGNET YOKE

RRRRRRRR
EEEEEEEE

DOWNSTREAM
ECAL (20X)

High Pressure n
GAr TPC

Magnetized—l PGArTPC
DUNE
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DUNE Far Detector

A40-kt (fiducial) LAr TPC

Alnstalled as four &t modules
at 48500 | evel of
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Sanford Underground
/ Research Facility (SUR

A First module will be a
single phasd_Ar TPC

A Modules installed in stage
Not necessarily identical
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