
Dune Overview
Dune Science 

Neutrino nature: Dirac or Majorana particles  
Absolute mass scale  

Mass generation mechanism  
Mass ordering 

Leptonic CP violation (𝛿CP)
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Deep Underground Neutrino Experiment

Next-generation long-baseline (1300 km) oscillation experiment between Fermilab (Illinois) and the 
Sanford Underground Research Facility (South Dakota, 1.5 km to surface) consisting of:

1. Muon neutrino beam:  1.2 MW neutrino beamline (LBNF) 
2. Near Detector (ND): 574 m from the beam for monitoring the unoscillated flux 
3. Far Detector (FD): measurement of oscillated neutrinos with four 17-kT LArTPC modules 
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ProtoDUNEs at CERN (HD & VD)

● 750 t LAr total (1/20 of one FD module)

● Real-size readout elements (APA, PDS, CRP)

● Successful phase-I (2018 - 2020)

● ProtoDUNE-HD campaign in 2024

○ Test upgraded components in their final 
design and take more beam data

● ProtoDUNE-VD campaign in 2025

○ Test the VD concept for the first time at 
large scale
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ProtoDUNE 
Development of Detector technology @ CERN 

750 t LAr total (~5% of) + readout  
● Successful phase-I (2018 - 2020). Phase II 2024 - 2025 

● ProtoDUNE-HD campaign in 2024 
○ Test upgraded components in their final design and take more beam data 

● ProtoDUNE-VD campaign in 2025 
○ Test the VD concept for the first time at large scale

+ SuperNovas!



Compute Requirements
• Analysis of protoDUNE data. (I+II)


• Generation of both prototype data and simulation for 
detector design/ sensitivity studies. -> Feedback.


• Development (simulation) of final DUNE detector - physics 
reach/potential.


• Development of algorithms for reconstruction.


• Successfully utilising compute sites from around the world. 
Distribution of data and Network data challenge. Prove 
workflow will keep up with data flow. (JustIN)


• And Repeat…
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one of first event from ProtoDUNE HD at nominal operations

DUNE as a platform for AI/ML
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Mass Ordering Sensitivity
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Regardless of the values of the other oscillation parameters:

● DUNE can establish mass ordering at > 5𝜎 in 3 years (worst case scenario)

● Obtain a definitive answer for the mass hierarchy within 7 years 

(7 years)
(10 years)



IRIS Impact
DUNE’s not even built yet and 

is 2nd largest non LHC 
compute user in the WLCG 

DUNE largest Non LHC user of 
compute resources on GridPP 

(UK / IRIS)  
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• responsible for generation of 
both prototype data and 
simulation for detector design/
sensitivity studies 

• considerable challenges with 
large memory consumption and 
data volume movement 
• FD beam neutrino samples 
• FD low-energy generation 
• ND simulation with overlay 

• successfully utilizing compute 
sites and RSEs from around the 
world

Production Operations
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DUNE Production by Country and Site 2024

Dune production by country and site
13 UK sites

5PB of DUNE data stored in UK

ProtoDUNE

DUNE compute usage - UK



Extracted total inelastic cross section 
from beam kaons with comparisons to 

GENIE v3.2.0 and Geant4

Expected event rates as a function of 
time for the electron-capture 

supernova model and for 40 kt of 
argon during early stages of the burst

Recent DUNE publication

ProtoDUNE analysis

DUNE PHASE II

Algorithm Development 

Fraction of reconstructed vertices 
as a function of distance to the 

true vertex

Reconstruction efficiencies of the 
leading µ − from CC neutrino 

interactions in FD1-HD and FD2-VD.

Detector Design


