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Primary physics program of  DUNE 

ÁOscillation physics 

ÅSearch for leptonic CP violation 

ÅDetermine the neutrino mass hierarchy 

ÅPrecision PMNS measurements 

ÁSupernova physics 

ÅObservation of time and flavor profile provides 

insight into collapse and evolution of supernova 

ÅDUNE will have unique sensitivity to ’e flavor 

ÁBaryon number violation 

ÅPrediction of many BSM theories 

ÅLAr  TPC technology well-suited to certain proton 
decay channels (e.g., p KO+’)  

ÅD(B-L)  ̧0 channels accessible (e.g., n nO) 



H 

Z 
W 

t 

c 

u 

b 

s 

d 

† 

‘ 

e 

heaviest 
neutrino 

c
o

s
m

o
. 
+

 o
s
c
. 

o
s
c
ill

a
ti
o

n
s 

lightest 
neutrino 

c
o

s
m

o
. 
+

 o
s
c
. 

m
a

s
s
 (

G
e

V
) 

Ryan Patterson 3 

Neutrinos have mass 

  Now textbook material, the see-saw mechanism goes back to P. Minkowski (1977); 

     M. Gell-Mann, P. Ramond and R. Slansky (1979); and T. Yanagida (1979) 

Would imply that the physics of neutrino mass is 

connected to extremely high energy scales (or at 

least new physics of some kind). 

 

Potential new physics signatures in oscillation expts: 

     non-unitarity, non-standard interactions, >3 neutrinos, large 

     extra dimensions, effective CPTv, decoherence, neutrino decay, é 

But they are very light!  See-saw mechanism?  ï Heavy 

(possibly GUT-scale) RH neutrinos alongside light LH neutrinos: 



Standard parametrization of PMNS matrix: 
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|U‘3| = |U†3| ? 
(ñmaximal mixingò) 

|Ue3| Í 0 
(recent discovery) 

approx. 1:1:1 ratio 

Non-maximal mixing? 

If so, which way does it break? 

Experimental question: 

 sin2 —23 Ё 0.5 ? 

Neutrino mixing  



CP violation 

New source of CP violation required to explain 

baryon asymmetry of universe 

    part-per-billion level of matter/antimatter 

    asymmetry in early universe 

Neutrino CPv allowed in ’SM, but not yet observed 
  édue so far to the experimental challenge, not physics! 

 
 

Leptogenesis1 is a workable solution for the baryon 

asymmetry, but need to first find any leptonic (neutrino) CPv 

1 M. Fukugita and T. Yanagida (1986); rich history since then. 

Ryan Patterson DUNE 5 

Leptonic CP violation? 

sin ‏ Ё 0 ? 
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’ mass hierarchy 
Are the electron-rich states ’1 & ’2 

heavier or lighter than ’3 ? 

P. Guzowski et al., PRD 92, 012002 (2015) 
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Far-reaching implications for such 

a simple question: 

  - 0’‍‍ and Majorana nature of ’  

  - Experimental approach to and 
       interpretation of m‍ 

  - Cosmology and astrophysics 

  - Theoretical frameworks for 
       flavor and mass generation 

Notice: 

   An inverted hierarchy implies 

   <1.5% mass degeneracy. 

     O  Would hint até??  (cf.: “+/“0) 
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What flavor symmetry can produce the 

observed pattern of mixings and masses, 

and how is that symmetry broken? 
  

More broadly: what are the dynamical 

origins of fermion masses, mixings, 

and CP violation? 

 

Tackling this problem requires theoretical and experimental progress. 

 
Flurry of exciting theoretical work in recent years with emphasis on predictive power 

and connections between low energy observables and leptogenesis. 

 

u c t 

d s b 

e ‘ † 

’ ’ ’ e ‘ † 

ᴺ
 
 

g
a

u
g

e
 s

y
m

m
e

tr
y
  O

 

ᴺ  flavor symmetry?  O  Flavor: A core problem for 
21st century particle physics 



  DUNE   
      Deep Underground 
      Neutrino Experiment 
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A next generation experiment for 

neutrino science, nucleon decay, 

and supernova physics 

1300 km baseline 1300 km baseline 
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’‘ survival (or ñdisappearanceò): 

Experimental data consistent with unity (i.e., maximal mixing). 

éto leading order 

’ ‘ 
’ ‘
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Near Detector 
Far Detector 

hundreds of kilometers 

Generic long-baseline experiment 
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Near Detector 
Far Detector 

hundreds of kilometers 

   éplus potentially large CPv and 
      matter effect* modifications! 
  
  

* ’e see different potential than ’‘,† when 
   propagating through matter (here, the earth) 
      ᵼ a hierarchy-dependent effect 

’e appearance: 
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DUNE 

Generic long-baseline experiment 
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Importance of Near Detector 

Observation: 
    [ ‰(E) „(E) ‐(E) P’‘O ’x(E)  + background ] ṧ {detector effects}(E, é) 

20-50% 20-50% 5-50% 5-50% ă  typical starting uncertainties 

ND allows massive reduction in these uncertainties since 
they are largely correlated between detectors (esp. if similar detectors) 

’ ‘ 
’ ‘
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Near Detector 
Far Detector 

hundreds of kilometers 

Generic long-baseline experiment 
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Long Baseline Neutrino Facility (LBNF)  

ÁDUNE: The international scientific collaboration 

ÁLBNF:  DOE/Fermilab-hosted facilities project, with international participation 

ÁHorn-focused beamline similar to NuMI beamline 

Å60 ï 120 GeV protons from Fermilabôs Main Injector 

Å200 m decay pipe at -5.8° pitch, angled at South Dakota (SURF) 

ÅInitial power 1.1 MW, upgradable to 2.4 MW 



Beamline optimization 

ÁThe LBNF beam design has evolved since the DUNE CDR nominal 

ÁGenetic algorithm used to explore space of 2- and 3-horn options. 

ÁResult is an engineered design with flux and ultimate CPv reach 

similar to earlier ñidealizedò optimized design. (Sensitivities here use the 

latter.) 
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’‘ at FD ’e at FD 



Beamline optimization 
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’‘ at FD ’e at FD 

ÁThe LBNF beam design has evolved since the DUNE CDR nominal 

ÁGenetic algorithm used to explore space of 2- and 3-horn options. 

ÁResult is an engineered design with flux and ultimate CPv reach 

similar to earlier ñidealizedò optimized design. (Sensitivities here use the 

latter.) 
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DUNE Near Detector 

30-ton LAr TPC (ñArgonCubeò) 

Magnetized Straw Tube Tracker 

Magnetized HPGAr TPC 

ÁDUNE will have a Near Detector 

ÅConstrain systematic uncertainties in neutrino flux, 

neutrino scattering cross sections, and (to some 

extent) detector response 

ÅAlso: allow a program of neutrino-nucleus 

scattering measurements and BSM searches 

ÁHybrid designs under development 

ÅLAr TPC plus a downstream magnetized 

high-pressure GAr TPC or fine-grained tracker 

ÅLaterally movable detector? (ñDUNE-PRISMò) 
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DUNE Far Detector 
Á40-kt (fiducial ) LAr TPC 

ÁInstalled as four 10-kt modules 

at 4850ô level of SURF 

Sanford Underground 

Research Facility (SURF) 

ÁFirst module will be a 

single phase LAr  TPC 

ÁModules installed in stages. 

Not necessarily identical 


