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Ç 40 kt fiducial mass liquid-argon TPC Far Detector.

Ç Located at SURFôs ïdepth of 1478 m, with 1300 km baseline.

Ç Hybrid Near Detector located  575 m from neutrino source.

Ç Wide-band neutrino beam (~ GeV range).

Ç Physics topics: CPV, supernova neutrinos, proton decay, and more
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DUNE ïCollaboration
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Armenia, Brazil, Bulgaria, Canada, 
CERN, Chile, China, Colombia, Czech 
Republic, Finland, France, Gergia, 
Greece, India, Iran, Italy, Japan, 
Madagascar, Mexico, The Netherlands, 
Paraguay, Peru, Poland, Portugal, 
Romania, Russia, Spain, South Korea, 
Sweden, Switzerland, Turkey, UK, 
Ukraine, USA

ммнф ŎƻƭƭŀōƻǊŀǘƻǊǎ ŦǊƻƳ муу ƛƴǎǘƛǘǳǘƛƻƴǎ ƛƴ оп ŎƻǳƴǘǊƛŜǎ



DUNE/LBNFProject
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DUNE
Ç Deep Underground Neutrino Experiment
Main physics goals:
ü Measuring neutrino oscillation parameters  

via an accelerator-based neutrino beam 

CɻPΣ Ƴŀǎǎ ƻǊŘŜǊƛƴƎ ʻ23 and its octant
ü Searching for proton decay
ü Measuring neutrino flux of a supernova  

core collapse

[.bC
Ç[ƻƴƎπ.ŀǎŜƭƛƴŜ bŜǳǘǊƛƴƻ CŀŎƛƭƛǘȅ
LƴŦǊŀǎǘǊǳŎǘǳǊŜ ǎǳǇǇƻǊǘƛƴƎ  ǘƘŜ 5¦b9 ŘŜǘŜŎǘƻǊǎΥ
übŜǳǘǊƛƴƻ ōŜŀƳ
üCŀǊ ǎƛǘŜ ŦŀŎƛƭƛǘƛŜǎ
übŜŀǊ ǎƛǘŜ ŦŀŎƛƭƛǘƛŜǎ
ü/ǊȅƻƎŜƴƛŎ ǎȅǎǘŜƳǎ
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Far Site ïSURF (Sanford Underground Research Facility)

Ç Gold mine repurposed into underground 
laboratory

Ç Deepest laboratory in the US (1.5 km 
underground)

Ç Two main campuses
ü Davis Campus - Homestake Experiment, 
[¦· ό[½ύΣ a!Whw!b!Σ Χ

ü Ross Campus - DUNE, possibly future ton-
ǎŎŀƭŜ л˄нʲ ŜȄǇŜǊƛƳŜƴǘΣΧ
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DUNE Far-site Facility

Çо Ƴŀƛƴ ŎŀǾŜǊƴǎ
ü п ŘŜǘŜŎǘƻǊ Ƙŀƭƭǎ ƛƴ н ŎŀǾŜǊƴǎ
ü м ǎǳǇǇƻǊǘ ŎŀǾŜǊƴ όŎǊȅƻҌ 5!vύ

Ç 5ŜǘŜŎǘƻǊǎ ōŀǎŜŘ ƻƴ [ŀǊ¢t/
ǘŜŎƘƴƻƭƻƎƛŜǎ
ü {ŀƳŜ ŎǊȅƻǎǘŀǘ ŘƛƳŜƴǎƛƻƴǎ 
όснƳ Ȅ мфƳ Ȅ муƳύ

ü мт ƪǘǘƻǘŀƭ [!ǊƳŀǎǎ όтлƪǘ ǘƻǘŀƭύ
ü мл ƪǘǘƻǘŀƭ [!ǊƳŀǎǎ όплƪǘ ǘƻǘŀƭύ

Ç 5ŜǘŜŎǘƻǊǎ ƛƴǎǘŀƭƭŜŘ ƛƴ ǎǘŀƎŜŘ 
ŀǇǇǊƻŀŎƘ ƻǾŜǊ ǎŜǾŜǊŀƭ ȅŜŀǊǎ
ü н ƻŦ ǘƘŜƳ ōŜŦƻǊŜ ōŜŀƳ ǎǘŀǊǘǎ



DUNE Far Detectors ïSingle-Phase LarTPCOption
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Ç Liquid Argon Time  Projection
Chamber

Ç Charged particles produce  
ionization charge and  scintillation 
light

Ç Electric field across TPC  volume
ü Ionization electrons  drifted 

towards anode  readout plane
ü Charge signal induced on  

readout plane
ü DUNE SP: 2D projection  of 

ionization read out from  3 
planes of wires, time is  3rd 
dimension

Ç 2 out of 4 detector modules 
confirmed to use this technology, 
including the first one  

Ç bƻ ǎƛƎƴŀƭ ŀƳǇƭƛŦƛŎŀǘƛƻƴ Ҧ 
wŜǉǳƛǊŜ ƭƻǿ ƴƻƛǎŜ ŜƭŜŎǘǊƻƴƛŎǎ
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DUNE Far Detectors ïSingle-Phase LarTPC Option

Ç Anode wires wrap around frame to allow two 
drift  volumes (Anode Plane Assembly, APA)

Ç 4 wire layers (outermost acts as shield) with 5 
mm pitch

Ç Drift distance: 3.5 m
Ç E = 500 V/cm ᵼCathode voltage: -180 kV
Ç 150 APAs per detector module: 384,000 

channels

!t!

CPA
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Single Phase Photon Detection system 

Ç X-!w!t¦/! άƭƛƎƘǘ ǘǊŀǇέ
ü Increase active area of SiPM
ü Dichroic filter + wavelength shifter
ü Highly reflective interior
ü Acrylic guides shifted light to SiPMs

Ç 6000 supercells of 48.8 cm x 10 cm  x 0.8 cm
Ç Inserted in APA frames

Dichroic Filter

LAr

LAr

WLSplate

liquid argon  

scintillation  

light

127nm
PTP

350 nm

430 nm

S
i
P
M

Reflective surface

нпƪ ɹǇŜǊ aŜ±

Provides T0 for each event, fiducializingnucleon-decay, SNB resolution
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DUNE Far Detectors ïDual-Phase LarTPC Option

Ç [!ǊǘŀǊƎŜǘ 
Ç D!Ǌ ǊŜŀŘƻǳǘ
ü ōŜƴŜŦƛǘ ŦǊƻƳ ŎƘŀǊƎŜ ƳǳƭǘƛǇƭƛŎŀǘƛƻƴ ƛƴ Ǝŀǎ

Ç Large ~12m vertical drift
ü E = 500 V/cm ᵼCathode 

voltage: -600kV
Ç Ionization extracted and further 

amplified in Gas
Ç LEM electron amplifier 
Ç Anode collection and read-out 

planes
Ç Photonreadout
ü TPB-coated PMTs of 20 cm 

diameter
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DUNE FarDet prototyping ProtoDUNE-SP/DP

Two ~1kt Lar TPCs in a charged particle test beam and cosmics, at  CERN Neutrino Platform

Ç Goals:
ü Collect test beam data to  measure 

the response of  DUNE readout 
technology to  different particles

ü Test production and  installation 
methods

ü Use data to validate the  detector 
designs

.ŜŀƳƭƛƴŜ

Dualphase

{ƛƴƎƭŜǇƘŀǎŜ
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ProtoDUNE Single-phase
Ç Currently taking cosmic data
Ç Beam data taken in fall of 2018:
ü Pions, protons, positrons, kaons
ü Momentum 0.3 ς7 GeV

ü First publication coming soon!

тDŜ± tƛƻƴƛƴǘŜǊŀŎǘƛƻƴ

Cosmic raymuon



13 Jaroslav Zalesak | FZU Jan 24, 2020

ProtoDUNE Dual-phase
Currently taking cosmic data

Track made by a cosmic-ray muon observed 
in the dual-phase detector. 
The ionization released by the muon track
in liquid argon.

LƴǎƛŘŜ ǘƘŜ ŎǊȅƻǎǘŀǘ
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Near Site ïFermi laboratory
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Near Site ïFNAL accelerator complex
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Near Site ïLBNF beam line

Ç! ƴŜǿ ƴŜǳǘǊƛƴƻ ōŜŀƳ ŦǊƻƳ  CŜǊƳƛƭŀō ǘƻ {¦wC
üмΦн a² ǇǊƻǘƻƴ ōŜŀƳ
üмлнмth¢κȅŜŀǊ
ühǊƛŜƴǘŜŘ рΦуϲŘƻǿƴ
ü²ƛŘŜ ōŀƴŘ ƴŜǳǘǊƛƴƻ ōŜŀƳ ˄˃κ

Ç A PIP-II (Proton Improvement Plan II) aims to increase intensity of proton beam 
via a 800-MeV superconducting RF linac

˄˃
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Near Site ïNear detector

Ç /ƻƳǇƻǎƛǘŜ ŘŜǘŜŎǘƻǊ
Ç DƻŀƭΥ ŎƻƴǎǘǊŀƛƴ ŦƭǳȄ ŀƴŘ ŎǊƻǎǎπǎŜŎǘƛƻƴ ǎȅǎǘŜƳŀǘƛŎ ǳƴŎŜǊǘŀƛƴǘƛŜǎ
Ç /ŀƴ ŀƭǎƻ ƳŜŀǎǳǊŜ мл Ƴƛƭƭƛƻƴ ƴŜǳǘǊƛƴƻ ƛƴǘŜǊŀŎǘƛƻƴǎ ǇŜǊ ȅŜŀǊ

о5 ǎŎƛƴǘƛƭƭŀǘƻǊ ǘǊŀŎƪŜǊΥ  
hƴπŀȄƛǎ ōŜŀƳƳƻƴƛǘƻǊ

Multi-purpose detector:
High pressuregaseous
argon with magnet

ArgonCube:

LarTPC
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Near Detector ïDUNE Prism

Ç !ǊƎƻƴ/ǳōŜŀƴŘ at5 ƻƴ Ǌŀƛƭǎ
ü ƳƻǾŜ ƻŦŦ ŀȄƛǎ ǘƻ ǎŀƳǇƭŜ ŦƭǳȄ
ü олƳ ƻŦŦ ŀȄƛǎ ǇǊƻǇƻǎŜŘ Ƴƻǘƛƻƴ
ü !ƭƭƻǿǎ ǘƻ ŘŜŎƻƴǾƻƭǾŜ ŦƭǳȄ  ŀƴŘ 
ŎǊƻǎǎ ǎŜŎǘƛƻƴ

Ç о5{¢π{ ŘƻŜǎ ƴƻǘ ƳƻǾŜ
ü .ŜŀƳ ƳƻƴƛǘƻǊ ŦƻǊ ǎǘŀōƛƭƛǘȅ

Ç !ƭƭƻǿǎ ǘƻ ƳŜŀǎǳǊŜ ƴŜǿ ŦƭǳȄ
ü 5ŜŎƻƴǾƻƭǾŜ ŦƭǳȄ ŀƴŘ ŎǊƻǎǎ  
ǎŜŎǘƛƻƴ
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Physics ïNeutrino beam

1
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ÇIƻǊƴπōŀǎŜŘ ƻƴπŀȄƛǎ ǿƛŘŜπ
ōŀƴŘ  ƴŜǳǘǊƛƴƻ ōŜŀƳ
ü!ƭƭƻǿǎ  ǎŜƴǎƛǘƛǾƛǘȅ ǘƻ  
ŦƛǊǎǘ ŀƴŘ  ǎŜŎƻƴŘ  
ƻǎŎƛƭƭŀǘƛƻƴ  ƳŀȄƛƳŀ

ÇtƻƭŀǊƛǘȅ ƻŦƘƻǊƴ  ŎǳǊǊŜƴǘ  
ǎŜƭŜŎǘŀōƭŜ
ü Ŝ˄ όύ  ŀǇǇŜŀǊŀƴŎŜ
ü ҡ˄ όύ  ŘƛǎŀǇǇŜŀǊŀƴŎŜ˄˃

Ŝ˄
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Physics ïNeutrino Oscillation

Neutrino energy spectra  bŜǳǘǊƛƴƻƳƻŘŜ !ƴǘƛπƴŜǳǘǊƛƴƻƳƻŘŜ

ÇNeutrino and antineutrino  
running modes:

ü ҡ˄ ( )  disappearance
ü ~ 10,000 events in 7 years

ü e˄ ( )  appearance
ü~ 1,000 events in 7 years

Staged = realistic time estimation of 
the detector deploying and the beam 
power intensity

Ŝ˄

˄˃
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Physics ïNeutrino Oscillation

/t Ǿƛƻƭŀǘƛƻƴ ǎŜƴǎƛǘƛǾƛǘȅ                              aŀǎǎ ƻǊŘŜǊƛƴƎ ǎŜƴǎƛǘƛǾƛǘȅ

Ç рˋ ǎŜƴǎƛǘƛǾƛǘȅ ǘƻ Ƴŀǎǎ ƻǊŘŜǊƛƴƎ ŀŦǘŜǊ н ȅŜŀǊǎ ƻŦ ōŜŀƳ ǊǳƴƴƛƴƎ όŦƻǊ ŀƴȅ ǾŀƭǳŜ ƻŦ CɻP)
Ç рˋ ǎŜƴǎƛǘƛǾƛǘȅ ǘƻ рл҈ ƻŦ CɻP values after 10 years of beam running
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Physics ïNeutrino Oscillation

CP violation sensitivity (7/10y)                 Octant determination at 10 years

Ç Measurement of multiple PMNS parameters in a single  experiment
Ç ɗ23 octant at 5ůpossible
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DUNE ïNon-oscillation Physics

Ç [ŀǊƎŜ Ƴŀǎǎ ƻŦ C5ŜƴŀōƭŜǎΥ

ü tǊƻǘƻƴ ŘŜŎŀȅǎŜŀǊŎƘŜǎ
Á DƻƭŘŜƴ ŎƘŀƴƴŜƭ ƛƴ [!Ǌ¢t/ǎΥ Ǉ Ҧ Y Ҍ ˄

ü {ǳǇŜǊƴƻǾŀ ŎƻǊŜπŎƻƭƭŀǇǎŜ ŦƭǳȄ ǎŜƴǎƛǘƛǾƛǘȅ
Á [!Ǌ¢t/ǎǳƴƛǉǳŜƭȅ ǎŜƴǎƛǘƛǾŜ ǘƻ Ŝ˄ŦƭǳȄ

Ç [ŀǊƎŜ ŦƭǳȄ ŜƴŀōƭŜǎ ǇǊŜŎƛǎƛƻƴ ŎǊƻǎǎπǎŜŎǘƛƻƴƳŜŀǎǳǊŜƳŜƴǘǎ 

Ç .ƻǘƘ bŜŀǊ ŀƴŘ CŀǊ ŘŜǘŜŎǘƻǊǎ ƘŀǾŜ ǎŜƴǎƛǘƛǾƛǘȅ ǘƻ .{aǇƘȅǎƛŎǎ
ü bƻƴπǎǘŀƴŘŀǊŘ ƛƴǘŜǊŀŎǘƛƻƴǎ
ü {ǘŜǊƛƭŜ ƴŜǳǘǊƛƴƻǎ
ü 5ŀǊƪ aŀǘǘŜǊΣ 9ȄǘǊŀ ŘƛƳŜƴǎƛƻƴǎΣ {¦{¸ΣΦΦΦ

←

K

ҡ

Ŝ
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DUNE ïTimeline & Milestones

aƛƭŜǎǘƻƴŜǎ
ÇнлмуΥ [.bC CŀǊ {ƛǘŜ tǊŜπŜȄŎŀǾŀǘƛƻƴ
Ç[.bC bŜŀǊ {ƛǘŜ DǊƻǳƴŘōǊŜŀƪƛƴƎ ςbƻǾ мф
ÇtLtπLL ƎǊƻǳƴŘōǊŜŀƪƛƴƎ ςaŀȅ мф

FarDet DUNE modules
Ç 2024: Start installing first module (SP)
Ç 2025: Start installing second module 

ü DUNE physics data starts with atmospheric 
neutrinos!  

Ç 2026: Beam operational at 1.2 MW
ü Total fiducial mass of 20 kt
ü DUNE physics data taking with beam starts!

Ç Following add third/fourth FD module 
ü final fiducial mass of 40 kt

Ç 2030+: Upgrade to 2.4 MW beam
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DUNE ïSummary

Ç is expected to break new ground in the understanding of neutrinos and their 
role in the Universe.

Ç is an international collaboration with an ambitious  and rich physics program
ü Precision oscillation parameter measurements
ü CP violation
ü Supernova physics
ü BSM physics

Ç Well on its schedule
ü Major milestone: final TDR for Far Detectors completed
ü Working on details of the near  detector
ü [.bCΩǎ excavation of far site will start in the nextmonths
ü Production of first major FD module component starts this year
ü Success through the Prototypes at CERN

Deep Underground NeutrinoExperiment (and LBNF)



Back Up
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DUNE ïTimeline & Milestones

aƛƭŜǎǘƻƴŜǎ
ÇнлмуΥ [.bC CŀǊ {ƛǘŜ tǊŜπŜȄŎŀǾŀǘƛƻƴ
Ç[.bC bŜŀǊ {ƛǘŜ DǊƻǳƴŘōǊŜŀƪƛƴƎ ςbƻǾ мф
ÇtLtπLL ƎǊƻǳƴŘōǊŜŀƪƛƴƎ ςaŀȅ мф

FarDet DUNE modules
Ç 2024: Start installing first module (SP)
Ç 2025: Start installing second module 

ü DUNE physics data starts with 
atmospheric neutrinos!  

Ç 2026: Beam operational at 1.2 MW
ü Total fiducial mass of 20 kt
ü DUNE physics data taking with beam 

starts!
Ç 2027: Add third FD module 

ü Total fiducial mass of 30 kt
Ç 2029: Add fourth FD module 
ü Total fiducial mass of 40 kt

Ç 2032: Upgrade to 2.4 MW beam

ProtoDUNE-SP I run
Ç 2019: CRT cosmics runs
Ç Jan/Feb: 2020 Xe- doping cosmics runs
Ç Apr 2020 decommissioning 

tǊƻǘƻ5¦b9π{t LL Ǌǳƴ
Ç{ǳƳƳŜǊ нлнлΥ ƳƻŘǳƭŜ ŎƻƴǎǘǊǳŎǘƛƻƴ
Ç{ǳƳƳŜǊ нлнмΥ ƛƴǎǘŀƭƭŀǘƛƻƴ оπп !t!ǎ 
ƳƻŘǳƭŜ ƛƴǘƻ ŎǊȅƻǎǘŀǘ

ÇнлнмκнлннΥ ǎǘŀǊǘ ōŜŀƳ ǘŜǎǘ Řŀǘŀ ǘŀƪƛƴƎ 
Çнлнн ǇƘȅǎƛŎǎ ŀǘ tǊƻǘƻ5¦b9 {ƛƴƎƭŜ LL

ProtoDUNE-DP
Ç 2020: commissioning cosmics running
Ç 2022 physics at ProtoDUNE Dual

bŜŀǊ 5ŜǘŜŎǘƻǊ
Çнлнл ¢ŜŎƘƴƛŎŀƭ ŘŜǎƛƎƴ ǊŜǇƻǊǘ
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DUNE Far Detectors ïDual-Phase LarTPC Option

DUNE-DP charge readout 

Ç /ƘŀǊƎŜ ǊŜŀŘƻǳǘ ǇƭŀƴŜ ό/wtύ
ü 9ȄǘǊŀŎǘƛƻƴ ƎǊƛŘ
ü [9a
ü !ƴƻŘŜ ǊŜŀŘƻǳǘ πǎǘǊƛǇǎ
Á о ƳƳ ǇƛǘŎƘ

ü оƳ Ȅ оƳ 
ü ул /wtǎ ƛƴ ǘƻǘŀƭ
όмроΣ слл ŎƘŀƴƴŜƭǎύ

Ç 5ǊƛŦǘ ŘƛǎǘŀƴŎŜΥ мн Ƴ
Ç E = 500 V/cm Ӷ Cathode 

voltage: -600kV

Ç Photonreadout
ü ¢t.πŎƻŀǘŜŘ ta¢ǎ ƻŦ нл ŎƳ 
ŘƛŀƳŜǘŜǊ

ü м ta¢κƳнΥ тнл ta¢ǎ ǘƻǘŀƭ
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DUNE FarDet prototyping ProtoDUNE-SP/DP

¢ǿƻ Ϥмƪǘ [ŀǊ ¢t/ǎ ƛƴ ŀ ŎƘŀǊƎŜŘ ǇŀǊǘƛŎƭŜ ǘŜǎǘ ōŜŀƳ ŀƴŘ ŎƻǎƳƛŎǎΣ ŀǘ  /9wb bŜǳǘǊƛƴƻ tƭŀǘŦƻǊƳ

Ç Goals:
ü Collect test beam data to  measure the response of  DUNE readout 

technology to  different particles
ü Test production and  installation methods
ü Use data to validate the  detector designs Dualphase

.ŜŀƳƭƛƴŜ

Singlephase
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ProtoDUNE Detectors

Single-phase                                    Dual-phase

Readout Plane

CƛŜƭŘ  
ŎŀƎŜ

Photondetectors  
undercathode
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Far Site ïSURF (Sanford Underground Research Facility)
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DUNE ïPhysics



ÅRich neutrino physics programme forDUNE

Åéto name but a few! See DUNE TDR for more! [link toTDR]
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DUNE ïPhysics Motivation
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DUNE Far Detectors ïSingle-Phase
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Near Site ïBeam line


