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Deep Underground Neutrino Experiment

• Next generation neutrino oscillations experiment


•Measure δCP and mass hierarchy in a single experiment


• Enabled for other physics w and w/o beam: 


• Beyond Standard Model (BSM) Physics,  Nucleon Decay,  
SuperNova Bursts (SNB), etc
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Fermilab

Time Projection Chamber

High power wide band muon neutrino beam from 
Fermilab to SURF, in South-Dakota, 1300 km away

40 Kton far detector using 
 Liquid Argon TPC technology

SURF
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SURF

FERMILAB1300 Km
νµ

1300 Km baseline
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> 1100 collaborators from 32 countries
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May 2018 collaboration meeting
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Observed events

6

Wide band beam, 
contrary to T2K and NOvA
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Observed events
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~1000 events

Wide band beam, 
contrary to T2K and NOvA
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DUNE staging assumptions
• Staging scenario assumes equal ν and ν̅ running time. 
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DUNE CDR Systematics
• Sensitivities in DUNE CDR are based on GLoBES calculations 

in which the effect of systematic uncertainty is approximated 
using signal and background normalization uncertainties.  
 

• Signal normalization uncertainties are treated as uncorrelated 
among the modes (νe, νe, νμ, νμ) and represent the residual 
uncertainty expected after constraints from the near detector 
and the four-sample fit are applied.  
• νµ = νµ = 5%   Flux uncertainty after ND constraint 
• νe = νe = 2%    Residual uncertainty after νμ and ν/ν constraint 
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Spectral uncertainty not included in this treatment.

Conceptual Design Report
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CDR sensitivities (2016)
• Fast MC and pseudo-reconstruction with tuned efficiencies
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CP VIOLATION Mass hierarchy

Conceptual Design Report

width of band indicates variation in posible central values of values of θ23 
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New MC Analysis (2018)
•GEANT4 beam simulation of updated beam design 


• Full LArSoft Monte Carlo simulation


• Shared framework among many LArTPC experiments 


•GENIE event generator


•GEANT4 particle propagation


•Detector readout simulation including realistic waveforms and 
white noise 


• Automated signal processing and hit finding 


• Automated energy reconstruction


•Muon momentum from range (contained) or multiple Coulomb 
scattering (exiting) 


• Electron and hadron energy from calorimetry 
10
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Use CVN techniques
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Event selection 
performed by applying 
cuts on νeCC-like and 
νμCC-like CVN classifiers

DUNE MC images 
classified into 
categories: νeCC, 
νμCC, ντCC, NC 


for CPV sensitivity

Use ResNet architecture

Training performed 
on sets of 500 x 500 
DUNE MC images 

Convolutional Visual Networks
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Improved sensitivities

• Sensitivity from MC-based analysis with full reconstruction 
chain exceeds sensitivity in Conceptual Design Report (CDR) 


• Sensitivity plots will be updated soon
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CDR NEW
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Beyond Standard Model (BSM)
• DUNE sensitive to many BSM particles and processes 


• Light dark matter 


• Boosted dark matter 


• Sterile neutrinos 


• Non-standard interactions, 
non- unitary mixing, CPT 
violation 


• Neutrino trident searches 


• Large extra dimensions 


• Neutrinos from dark matter 
annihilation in sun 
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Sterile Neutrino Sensitivity 
(νeCC appearance at Near detector)

sin22θμe = 4 |Ue4|2  |Uμ4|2
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SuperNova neutrinos
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νe + 40Ar → e- + 40K* 

Observation of early time development yields sensitivity to 
neutrino mass ordering and details of SNB model. 

In LArTPC, SNB signal  dominated by electron neutrinos

Expect 2-3 core-collapse supernovae in the Milky Way per 
century ≈ 3500 neutrinos in 40kt DUNE for SN at 10 Kpc.  

LAr uniquely sensitive to neutronization process at ~30ms
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Fermilab

15

Near Detectors LBNF Neutrino beam-line
LBNF= Long Baseline Neutrino Facility
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The LBNF beam
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• 60-120 GeV proton beam 


• 1.2 MW, upgradeable to 2.4 MW 

Reference design similar to NuMI, 
optimized to improve sensitivity to 
oscillation measurements  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Near detector
• Constraint systematic uncertainties for LBL oscillation analysis


• ND Conceptual Design Report (CDR) planned for 2019 


• Design concept is an integrated system composed of multiple 
detectors 


•Highly segmented LArTPC


•Magnetized multi-purpose tracker


• Electromagnetic calorimeter


•Muon chambers 


• Conceptual design will preserve option to 
move ND for off-axis measurements

17
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SURF

18

Sanford Underground Research Facility (Lead, SD) 

In the Homestake gold mine, 

1.5 Km underground
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SURF

18

Sanford Underground Research Facility (Lead, SD) 

In the Homestake gold mine, 

1.5 Km underground DUNE
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home of Ray Davis’s solar neutrino experiment
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SURF groundbreaking
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Groundbreaking ceremony at 4850 ft level – July 21st 2017 
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Far detectors
• Four 10 Kton fiducial mass Liquid Argon TPCs

21
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Far detectors: 1st module
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Far detectors: 2nd module
• Dual-Phase, with signal amplification in 

the gas phase
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S. Murphy, 
https://indico.cern.ch/event/649662/ 
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Icarus x 20

24

1/2 Icarus
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Detector prototyping
• The single and dual phase technologies are being prototyped 

at CERN 

25
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3x1x1 prototype (WA105)
• Successful demonstration of Dual-Phase technology


•Operated at CERN between June and November 2017 

26
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ProtoDUNEs at CERN

27

March 2016 CERN EHN1 extension
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October 2016

28
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Today

29

SIngle-Phase

Dual-Phase
11 m
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ProtoDUNEs goals
• Prototyping production and (underground) installation 

procedures 


• Validating the design from basic detector performance 


• Accumulating large test-beam data for detector response 
understanding, calibration, dE/dx, PID etc. 


• Demonstrating long-term operational stability 

30
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Single-Phase Dual-Phase
3.6 m horizontal drift 6 m vertical drift

Field Cage
Field Cage

Field Cage

Charge Readout Planes

Cathode

Photon Detectors

6 
m 6 

m

6 m

6 m
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Empty cryostat

32
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One fully instrumented drift volume T-Gradient monitor

june 27th

Field Cage

Field 
Cage

Field Cage

APA

CPA

~7
 m

3.6 m

~ 8 m
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ProtoDUNE cold box results
• Promising results of APA wire noise in cold box

34

6m

Anode Plane Assembly

Equivalent Noise Charge
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• DP Field Cage 
complete in April 2018


• Successful HV tests 
at 150 KV

35
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The test beam

36

Fully calibrated test-beamParticle rates
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Timeline 

37

ProtoDUNEs at CERN

2018
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Timeline 

37

ProtoDUNEs at CERN

2018
ProtoDUNE-SP 

installation completed

June-2018

ProtoDUNE-SP  
LAr filling

Aug-2018

ProtoDUNE-SP  
test beam

Sep-Nov 2018

ProtoDUNE-DP  
installation completed

Fall 2018
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Timeline 

37

ProtoDUNEs at CERN

2018

Technical Design Report

2019

Far Site Primary 
Excavation Begins

2019

First Module 
 Installation Begins

2022

Neutrino Beam Available

2026

ProtoDUNE-SP 
installation completed

June-2018

ProtoDUNE-SP  
LAr filling

Aug-2018

ProtoDUNE-SP  
test beam

Sep-Nov 2018

ProtoDUNE-DP  
installation completed

Fall 2018
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Timeline 

37

ProtoDUNEs at CERN

2018

Technical Design Report

2019

Far Site Primary 
Excavation Begins

2019

First Module 
 Installation Begins

2022

Neutrino Beam Available

2026

ProtoDUNE-SP 
installation completed

June-2018

ProtoDUNE-SP  
LAr filling

Aug-2018

ProtoDUNE-SP  
test beam

Sep-Nov 2018

ProtoDUNE-DP  
installation completed

Fall 2018

Physics data as soon 1st module complete 
Atmospherics, SBN and solar neutrinos 

Baryon number violation 
Detector calibration



Anselmo Cervera Villanueva, IFIC-Valencia International Symposium on Neutrino Frontiers’18 

Outlook
• LBNF and DUNE making rapid progress on facility construction, 

detector design, and physics analysis 


• New MC-based oscillation sensitivity analysis exceeds CDR-
level sensitivity to CP violation 


• First look at ProtoDUNE pre-commissioning data is very 
promising


• Look for DUNE Technical Design Report and ProtoDUNE SP 
and DP results in 2019


• Expect first DUNE FD data in ~2024... 

38



BACKUP SLIDES
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ProtoDUNE en el CERN

40
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ProtoDUNE en el CERN

40

ProtoDUNE-SP
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Another view

44



Anselmo Cervera Villanueva, IFIC-Valencia International Symposium on Neutrino Frontiers’18 45



Anselmo Cervera Villanueva, IFIC-Valencia International Symposium on Neutrino Frontiers’18 46



Anselmo Cervera Villanueva, IFIC-Valencia International Symposium on Neutrino Frontiers’18 

Resolution

47
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DUNE/LBNF Staging Assumption

48
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Selection efficiency
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Supernova event rates
• Expected total ν signal from SNOwGLoBES). Solid lines are from 

Huedepohl (2010), for both 10 kt and the full 40 kt DUNE: systematic 
bands are from the Garching parameterization (2014) of <E>=12 MeV 
and <E>=2 (top) and <E>=8 MeV and <E>=6 (bottom).

50
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SNB event rates
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Single-Phase Dual-Phase

horizontal drift vertical drift
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Single-Phase Dual-Phase

horizontal drift vertical drift
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Systematics
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νµ νe


