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• Discovery sensitivity over a wide range of parameter values to: 
‣ CP violation. 
‣Mass ordering. 
‣Octant of . 

• In a single experiment make unambiguous, high precision measurements 
of , ,  and .  

• Sensitivity to MeV-scale neutrinos - galactic supernova bursts (see talk 
tomorrow by C. Cuesta). 

• Low background for sensitivity to BSM physics, e.g. baryon number 
violation (see talk tomorrow by L. Koerner).

θ23

Δm2
32 δCP sin2 θ23 sin2 2θ13
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LBNF Neutrino 
Beam

Near detector 
(ND) complex

Far detector (FD) 
complex

DUNE Design: Wideband Beam

5

• The LBNF neutrino beam will provide neutrinos and 
antineutrinos with energies from 0-5+ GeV 

• Simulated neutrino fluxes at the far detector are shown 
below. 

Neutrino 2022 – Virtual Seoul – M. Muether6/2/2022

Forward Horn Current (FHC) Reverse Horn Current (RHC)Neutrino Mode

• Intense beam of neutrinos 
for high statistics 
measurements. 

• Wide-band nature - cover 
at least 1 full oscillation 
period.
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LBNF Neutrino 
Beam

Near detector 
(ND) complex

Far detector (FD) 
complex

DUNE Plans and Installation 

2

● DUNE construction is phased to provide continuous 
progress toward physics goals beginning this decade.

Neutrino 2022 – Virtual Seoul – M. Muether6/2/2022

Phase I
●Ramp to 1.2 MW beam intensity
●Two 17kt (10kt fid.) LAr TPC FD 
modules. One HD on VD.
●Near detector: ND-LAr + TMS 
(steel/scint. range stack) + SAND
●Moveable to enable PRISM

Phase II Upgrades
●Proton beam increase to 2.4 MW
●Four 17kt LAr TPC FD modules
●TMS Upgraded to ND-Gar to  provide 
enhanced ND interaction physics 
capabilities.

Phase II NDPhase II FD

Design Basics

• Reduce experiment’s 
susceptibility to systematic 
uncertainties (flux, cross-
section). 

• PRISM concept.
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DUNE Plans and Installation 
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● DUNE construction is phased to provide continuous 
progress toward physics goals beginning this decade.
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Phase I NDPhase I FD
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Phase I
●Ramp to 1.2 MW beam intensity
●Two 17kt (10kt fid.) LAr TPC FD 
modules. One HD on VD.
●Near detector: ND-LAr + TMS 
(steel/scint. range stack) + SAND
●Moveable to enable PRISM

Phase II Upgrades
●Proton beam increase to 2.4 MW
●Four 17kt LAr TPC FD modules
●TMS Upgraded to ND-Gar to  provide 
enhanced ND interaction physics 
capabilities.

Design Basics

• LAr TPCs using both 
horizontal and vertical drift 
technology. 

• Each one is 17 kt in volume.

Later today: talk by N. Nayak
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LBNF Neutrino 
Beam

Near detector 
(ND) complex

Far detector (FD) 
complex

Design Basics

• Event “imaging” using LAr 
TPCs: 
‣ Precise energy reconstruction. 
‣ Efficient determination of 

particle identity.

DUNE Design: Precision Reco

5

● The far detector must be able to identify flavor and reconstruct neutrino 
energy over the broad range over energies and interaction topologies 
provided by the beam. 

● LAr TPC technologies fulfill both and scales to very large detector mass.
● DUNE will use a combination of horizontal drift and vertical drift modules.

Neutrino 2022 – Virtual Seoul – M. Muether6/2/2022

DUNE Design: Precision Reco

8

● The far detector must be able to identify flavor and reconstruct neutrino 
energy over the broad range over energies and interaction topologies 
provided by the beam. 

● LAr TPC technologies fulfill both and scales to very large detector mass.
● DUNE will use a combination of horizontal drift and vertical drift modules.

DUNE FD1-HD simulation
2.5 GeV, νe+ Ar → e p π0

FD1-HD

FD2-VD

Neutrino 2022 – Virtual Seoul – M. Muether6/2/2022
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Installation Plans
DUNE’s construction will be “staged”  continuous progress toward physics 
goals beginning this decade.

→

Phase I 

• Beam: 1.2 MW beam intensity. 

• Near detector: ND-LAr + TMS + SAND. 

• PRISM:  

• Far detector: Two 17 kt LAr TPC modules - 
one HD and one VD.

✓

Phase II 

• Beam: 2.4 MW beam intensity. 

• Near detector: ND-LAr + ND-GAr + SAND. 

• PRISM:  

• Far detector: Four 17 kt LAr TPC modules.

✓

DUNE Plans and Installation 
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Installation Plans
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Phase I: World leading mass ordering and  
sensitivity to maximal CPV

2022 Fermilab Users' Meeting16

DUNE Phase I: world-leading MO, 
sensitivity to maximal CPV

● Phase I will do world-class long-baseline neutrino oscillation physics:

● Only experiment with 5σ mass ordering capability regardless of true parameters

● Discovery of CPV at 3σ if CP violation is large

● World-leading precision on Δm2
32

, and other oscillation measurements

depends on 

beam ramp-up

• Phase I will do world class long-baseline neutrino oscillation physics. 
‣Only experiment with 5  mass ordering regardless of the true parameters. 

‣ Discovery of CPV at 3  if CPV is large.
σ

σ
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Long term physics goals require full scope (Phase II)

• DUNE needs full Phase II scope to 
achieve precision physics goals. 

• CPV sensitivity for 50% of  values 
shown. 
‣Other precision measurements are 

similarly affected. 

• Timescale for precision physics is 
driven by achieving full scope on 
aggressive timeline.

δCP

2022 Fermilab Users' Meeting17

DUNE’s long-term goals require full 
scope (Phase II)

● DUNE needs full Phase 

II scope to achieve 

precision physics goals 

defined in P5 report

● CPV sensitivity for 50% 

of δ
CP

 values shown, 

precision measurements 

are similarly affected

● Timescale for precision 

physics is driven by 

achieving full scope on 

aggressive timescale

Upgrade to 2.4 
MW, FD 4 & 

ND-GAr
FD 3
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ProtoDUNEs
ProtoDUNE

1

• Between 2018 and 2020 two 
(single and dual phase) 1-kt 
prototype LAr TPC detectors 
were operated in a charged 
test beam at CERN

• This platform provides a test 
of component installation, 
commissioning, analysis and 
performance. 

Neutrino 2022 – Virtual Seoul – M. Muether

Single phase Dual Phase

6/2/2022

• Between 2018 and 2020, one HD 
and one VD 1 kt prototype LAr TPC 
detectors were operated in a 
charged particle test beam at CERN. 

• Platform provides a test of: 
‣ Component installation. 
‣ Commissioning. 
‣ Analysis. 
‣ Performance. 

• Further running in 2022 with 
ProtoDUNE-II!
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ProtoDUNEs

• The ProtoDUNEs shows that the fundamental DUNE technology works and will at scale. 

• Science results, two new papers: 
‣ Separation of track- and shower-like energy deposits in ProtoDUNE-SP using a Convolutional Neural 

Network (arXiv:2203.17053). 

‣ Scintillation light detection in the 6 m first-length ProtoDUNE-DP liquid argon TPC (arXiv:2203.16134). 

• Several more on the way! Covering event reconstruction, Michel elections, pion, proton, 
kaon, neutron inclusive and exclusive cross sections.

Initial ProtoDUNE Results

21

• First beam events: low noise on all three planes with S/N ratio > 10 in all cases. 

• Stable running throughout operations, dE/dx distributions for protons, muons, and 
kaons shows good performance.

• ProtoDUNE shows the fundamental DUNE technology works and will scale!

Neutrino 2022 – Virtual Seoul – M. Muether

Induction 2

6/2/2022
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DUNE:ProtoDUNE-SP Preliminary

Later today: talk by J. Calcutt

https://arxiv.org/abs/2203.16134
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Construction at the Far Site

1

• Excavation work is in 
progress and advancing on 
schedule and on budget. 

Neutrino 2022 – Virtual Seoul – M. Muether

Far Site Progress

4850-90
Access Drifts North Cavern

6/2/2022

Beam

• Rock excavation work is in progress! 
‣ 27% complete by total rock volume. 

• Advancing on schedule and budget.
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• Top level bullet. 

• Top level bullet. 
‣ Second level bullet. 

- Third level bullet. 

• Top level bullet.
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• DUNE is a best-in-class long-baseline neutrino oscillation experiment, 
neutrino observatory and new physics search machine but we will need 
the full Phase II program to realise all of our physics goals. 

• We are on track to deliver Phase I: 
‣ ProtoDUNE has demonstrated the technology. 
‣ Far site civil construction is progressing well (and near site and beamline is fully 

designed). 

• Physics should begin this decade and the collaboration is active in 
planning upgrades to achieve full scope in the 2030s.
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DUNE at the conference

Maybe more?
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Thank you for your attention.

29

DUNE Collaboration Meeting, Fermilab, May 2022 
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