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✔ New and very bright neutrino beam from Fermilab (LBNF)
✔ A highly capable Near Detector at Fermilab to measure the unoscillated neutrino 

(spectrum, flux and cross-sections constraints)
✔ A large LArTPC deep underground at SURF (Lead (SD) 1300 km baseline) to 

measure oscillations and non-beam physics
✔ Exposure of ~7 years to ν / ν modes (50% / 50%)
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● What is the origin of the matter-antimatter asymmetry in the universe?
● What are the fundamental underlying symmetries of the universe?
● Is there a Grand Unified Theory of the universe?
● How do supernovae explode? New physics from a neutrino burst?
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1) ArgonCube (LArTPC)
2) MPD (Multi Purpose Detector)
3) SAND (Beam Monitor)
4) DUNE-Prism (ArgonCube+MPD off-axis)
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Neutrino mixing: 
Flavor eingenstates (interaction) don't coincide with mass 
eigenstates (propagation)

    flavor (α = e, μ, τ) ⇔ linear combinations ⇔ mass (i = 1, 2, 3)

Pontecorvo-Maki-Nakagawa-Sakata (PMNS) matrix
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atmospheric reactor solar

Mixing angles = (θ12, θ23, θ13)      ,      δCP is the CP-violation phase
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○ ν → ν ν → ν τ
●

○ ν → ν ν → ν

MINOS Collaboration , Phys.Rev. D84 (2011) 071103
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changes sign:
nu (-), anti-nu (+)

CP conserving

ν δ
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ν → ν ν → ν
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νμ , NH νμ , NH
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slide from 
Amanda Weinstein
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I. Tamborra et al., 
arXiv:1211.3920v2
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slide from 
Ines Gil-Botella

4.0 MeV
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● Different oscillation physics in 
neutrinos propagation from the 
stellar core to Earth

- Collective effects: 
              r < 200 km
- MSW effects : 

r > 200 km
A. Dighe, A. Smirnov 
Phys.Rev. D62 (2000) 033007

- Vacuum oscillations:
from SN to Earth labs

● Flavor-specific burst evolution 
carries information about mass 
ordering and SN processes

● Key requirements:
○ Energy resolution <10%
○ Energy threshold ~ 5 MeV 

Collective effects imprints

E. Kemp | Neutrinos in DUNE: long-baseline oscillations and non-beam physics



33 E. Kemp | Neutrinos in DUNE: long-baseline oscillations and non-beam physics

slide from 
Ryan Patterson
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Atmospherics,SNB and solar neutrinos, 
Baryon number violation, Detector 
calibration



●

●

●

●
ν

36 E. Kemp | Neutrinos in DUNE: long-baseline oscillations and non-beam physics



37 E. Kemp | DUNE: The precision era of neutrino physics 

Special credits for DUNE colleagues  (comments and slides inspiration):
Bob Svoboda, Alessandra Tonazzo, Diego Gratiere, Inés Gil-Botella, 
Amanda Weinstein, Serhan Tufanli, Ryan Patterson

Main Content:
Deep Underground Neutrino Experiment (DUNE), Far Detector Technical 
Design Report, Volume II DUNE Physics. arXiv:2002.03005

The DUNE Far Detector Interim Design Report Volume 1: 
Physics, Technology and Strategies
DUNE Collaboration     e-Print: arXiv:1807.10334    [physics.ins-det]

Thank you!
This work is supported by:
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atmospheric reactor solar

θ θ θ

Mixing angles = (θ12, θ23, θ13)      ,      δCP is the CP-violation phase
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slide from 
Alexander Izmaylov
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