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

C Located altdepghdR#&/8 s, with 1300 km baseline.

C Hybrid Near Detector located 575 m from neutrino source.

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

C Physics topics: CPV, supernova neutrinos, proton decay, and more
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(\ — Collaborating Institutions January 2019

DUNE T Collaboration “yuwoat t r 6 2 N yireyNmi Avimtva bzy &

Armenia, Brazil, Bulgaria, Canada,
CERN, Chile, China, Colombia, Czech
Republic, Finland, FrandBergia
Greece, India, Iran, Italy, Japan,
Madagascar, Mexico, The Netherlands,
Paraguay, Peru, Poland, Portugal,
Romania, Russia, Spain, South Korea,
Sweden, Switzerland, Turkey, UK,
Ukraine, USA
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DUNEBNProj ect

DUNE [ . bC
C Deep Underground Neutrino Experiment C [ 23 4 St Ay S b Sdzi NA Yy
Main physics goals: LY FNJ &0 NHzO G dzNB & dzLJLJ?

~

i Measuring neutrino oscillation parametersii b S dzi NJ\ y 2 O0SIY
via an acceleratebased neutrinobeam & CIF NJ aA0S FIF OAft AGASE
le Yl aa ZoRISNRaw3I © 0 bSIF NI &aAd
U Searching for proton decay U/ NE23ISYyA
U Measuring neutrino flux of a supernova
core collapse oo |

North Dakota

Minnesota

Wisconsin

Sanford Underground

Research Facility Fermilab
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Far Slte [ SURF (Sanford Underground Research Facility)

C Gold mine repurposed into underground
laboratory
C Deepest laboratory in the US (1.5 km
underground)
C Two main campuses
u Davis CampusHomestake Experiment
[ 1 - O] 20X a! Whw! b
U Ross CampudDUNE, possibly future te
a0FtS nani  SELISNR

Yeus serex

Davis Campus
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DUNE Far-site Facility
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DUNE Far DeSiecePlbeadar TOCt |

C LiquidArgonTime Projection
Chamber A
C Charged particles produce Wi
ionization charge and scintillation R p——/ ... \
light =y Z
C Electric field across TPC volume ™
U lonization electrons drifted
towards anode readout plane
U Charge signal induced on
readout plane G iV
U DUNE SP: 2D projection of R ——
lonization read out from 3
planes of wires, time is 3rd
dimension G b2 _
C 2 out of 4 detector modules WSl
confirmed to use this technology,

Including the first one

g ™
> >
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DUNE Far Detectors i Single-Phase LarTPC Option

6.324 m

2.316 m

C Anode wires wrap around frame to allow twe sowewsd | 3]
drift volumes (Anode Plane Assembly, APA)

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

C Drift distance: 3.5 m

C E =500 V/icm Cathode voltage:180 kV

C 150 APAs per detector module: 384,000

channels
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SIi ngl e PPhhoatsoen Det ect ?[“LJSNJ&S+

| e S
ed P
Provides Jfor each eventfiducializingnucleondecay, SNB resolution %{:m
scinti |

C X! wlt! /! atAaKd ONFLE 4\ gt

U Increase active area of SIiPM
t Dichroic filter + wavelength shifter L2im

: .. . Y e
U Highly reflective interior

U Acrylic guides shifted light t8iIPMs
C 6000 supercells of 48.8 cm x 10 cm x 0.8 cm
C Inserted in APA frames

350 nm \ Dichroic Filter
LAT
{@m/\}v WL QI atle

\/ LAr

Reflective surface

Si PM

P
g/ MPPC Mount PCB
(two sides)

" WLS Plate
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DUNE Far Detectors i Dual-Phase LarTPC Option

C[!ININBSI
C DDNJ NB I R2 dzi
U 0SYSTAG FNRBY OKFNABS Ydzt GALX AOI GA

Anode and
- Readout

C Large ~12m vertical drift

U E=500 V/cmt Cathode 7 g
VOItage:-600kV o S - - Multiplier
C lonization extracted and further |
amplified in Gas ey
C LEM electron amplifier
C Anode collection and readut = E
planes 2
C Photonreadout 3
U TPBcoated PMTs of 20 cm 2 7~ Cattore
diameter 2
% — PMT

|:~<
]
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DUNE Far Det pPrroott cot DAJRNEID ¢

Two ~1kt Lar TPCs in a charged patrticle test beam and cosmics, at CERN Neutrino Plat
C Goals:

U Collect test beam data to measure
the response of DUNE readout
technology to different particles N

U Test production and installation Dualphase
methods

U Use data to validate the detector
designs

6.0m:

11 Jaroslav Zalesak | FZU Jah42020 > ¥



C Currently taking cosmic data

C Beam data taken in fall of 2018:
U Pions protons, positrons, kaons
U Momentum 0.3¢ 7 GeV

-_.4 charged pimd’é\‘ U First publication coming soon!
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Pr ot o DNWNaalh as e

Track made by a cosmiay muon observed
in the dualphase detector.

The ionization released by the muon track
in liquid argon.

Currently taking cosmic data

ONE
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Near T1Sietremi | aboratory

~

Fermilab

Sanford Underground
Research Facility

______
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Near TSFINAL accel erator
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Near TSLIBBNeF beam |1 ne

Apex of Embankment
Max. Height = 60"+ _
Elevation 800+ MI-10 Point of Extraction —
Near Detector Absorber Hall Target Hall Complex pri
Service Building Service Building (LBNF-20) rimary Beam

Service Building
(LBNF-5)

(LBNF-40) (LBNF-30)
Muon Shielding ‘
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Near Site T Near detector
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Near Detector T DUNE Prism
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10 1
Neutrino Energy (GeV)
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Physics T Neutrino Oscillation
Neutrino energy spectra b Sdzi WA K& Lyl & dzOWA 2

DUNE v, Disappearance
sin’0,, = 0.580

AmZ, = 2.451 x 10% eV?
3.5 years (staged)
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DUNE v, Disappearance
sin,, = 0.580

Am2, = 2.451 x 10° eV?
3.5 years (staged)
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C Neutrino and antineutrino
running modes:

Events per 0.25 GeV
[=2]
[=]
o
Events per 0.25 GeV
N

—— Signal v, CC 50 —— Signal v, CC

|l v, CC v, cC
500 R NC @ Ne

& (v, + v,) CC 200 (v + vo) CC

(v:+ v;) CC (v: + v;) CC
400
150

300

U ~(R) disappearance -
0 ~ 10,000 eventsin 7 years

™2 3 4 5 6 78 4 5 6 7 8
Reconstructed Energy (GeV) Reconstructed Energy (GeV) —
%, DUNE v, Appearance %, DUNE v, Appearance
G 160 Normal Ordering (O] Normal Ordering
o sin’20, . = 0.088 w sin’20,, = 0.088
S 140 RE sin’6,, = 0.580 = sin®e,, = 0.580
- 3.5 years (staged) = 3.5 years (staged)
s _ 8. H —— Signal (v, + V) CC 8_ —— Signal (v, + V) CC
U Ae(78) appearance @120f [l mmmeeam s vice 2 . oo (. + 1) CC
S C e I NC s I NC
> 100 K e B (v, +v,)CC Lﬁ | (v, +v,)CC

(v. + v;) CC (v.+ v, CC

U ~ 1,000 events in 7 years @

sofF
60
Staged = realistic time estimation of  “f;
the detector deploying and the beam *B smsse .. !
power intensity 2 s 4 5 6 78 T2 3 4 5 6 7 8
Reconstructed Energy (GeV) Reconstructed Energy (GeV)
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Physics T Neutrino Oscillation
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PhysidNeutrino Oscillation

CP violation sensitivity (7/10y) Octant determination at 10 years
10
. DUNE Sensitivity =17 years (staged) k DUNE Sensitivity — Median of Throws
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10}—Normal Ordering = Median of Throws c Normal Ordering reretons
- sin’26,, = 0.088 +0.003 105 Vesteliona ot sk sin?26,, = 0.088 + 0.003 statistics, systematics,
- 0.4 <sin0,, < 0.6 SONOTon: Syshmevcs; v 10 years (staged) and oscillation parameters
= and oscillation parameters -
8- 7E
; £y
= S F
< < r
n 1 55
o | AN ............... S ....... ° .
af
2
1E
o:lllllIllIIIIlIIllII.IIIIIIIIIIIIIII
21 0.8-06-04-02 0 02 0.4 06 08 1 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0.56 _0.253

C Measurement of multiple PMNS parameters in a single experiment
C d2szoctant at 5 (possible
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DUNE T Non-oscillation PhyS|cs
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DUNETI mel 1 ne & MI |l est ones
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FarDet DUNE modules
C 2024:Start installing first module (SP)
C 2025: Start installing second module
U DUNE physics data starts with atmospheric
neutrinos!
C 2026: Beam operational at 1.2 MW
U Total fiducial mass of 2a
U DUNE physics data taking with beam starts!
C Following add third/fourth FD module
U final fiducial mass of 4kt
C 2030+: Upgrade to 2.4 MW beam
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DUNESuUmMmMmary

Deep UnderNgerudubxXpoeri menhBNFEand

C Is expected to break new ground in the understanding of neutrinos and the
role in the Universe.
C Is an international collaboration with an ambitious and rich physics prograt
U Precision oscillation parameter measurements
U CP violation
U Supernova physics
U BSM physics
C Well on its schedule
U Major milestone: finalTlDRor Far Detectorsompleted
U Workingon detailsof the near detector
U [ . ba&xcddationof far site willstart in the nextmonths
U Productionof first major FDmodule componentstartsthis year
U Success through the Prototypes at CERN
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DUNETI mel i ne & MiI | estones

aAfSaiz2ySa  ProtoDUNESP I run

CHnanMy[ . bC G INOHAIA ZYWNF9: CRT cosmics runs

C[.bC bSk N {Al8&b DERJzyaRPebId2d Xelpthg cosmics runs

CtlttL 3INRdzgRO BEDE | AY F Apr2020 decommissioning

FarDet DUNE modules t N2G2%t bl Ndzy

C 2024:Start installing first module (SP) € { dZY YESIN¥ n Y2 Rdzf S O2 Yy a

C 2025: Start installing second module G { dzY YISINI M A y & ot of ! & A 2
i DUNE physics data starts with Y2Rdz2 S Ayuz2 ONb 2aul

atmospheric neutrinos! CHAwMNHAUFNI 0SEY @

C 2026: Beam operational at 1.2 MW CHnHIKeaAOa U tNRUZ.

U Total fiducial mass of 2a ProtoDUNEDP

U DUNE physics data taking with bear& 2020: commissioning cosmics running

starts!
C 2027:. Add third FD module

C 2022 physics at ProtoDUNE Dual

~ Ve ~ ~r V4

i Total fiducial mass of 3@ bSFNI 5SuS0OuU2ZNI

C 2029: Add fourth FD module CHNANHSOKYAOIT RSaA3IyYy
U Total fiducial mass of 4a

C 2032: Upgrade to 2.4 MW beam
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DUNE Far Detectors i Dual-Phase LarTPC Option
DUNEDP charge readout ievo
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DUNE Far Det pPrroott oot DRJBNED &
¢cog2M @ [FNI ¢t/ & Ay I OKIFNHSR LI NIAOES &S
C Goals:
U Collect test beam data to measure the response of DUNE readout
technology to different particles
U Test production and installation methods

U Use data to validate the detector designs Dualphase

,,,,,,,

Singlephase
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Pr ot oDDJeNtEect or s

Single-phase Dual-phase

Readout Plane

Ground Planes

6.0m!

.................... 6‘ 2 gm integrated into APAs
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ar Site 1 SURF (Sanford Underground Research Facility)
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DUNE T Physics

Deep Underground Neutrino Experiment

Sanford
Underground
Research
Facility

Fermilab

Ve . | — | —  E— i —_—
v
7 Incoming beam:
. 100% muon neutrinos
- B
1600 1400 1200 1000 800 600 400 200 0 km

Probability of detecting electron, muon and tau neutrinos
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DUNEPhysi cs Motivation

ARich neutrpmogmpdmibdNEBoO T

Longbaselineneutrino physics Nucleondecay = Astroparticlephysics
% 350 DUNE v, Disappearance g-
& 3001 Am2, =2.451 x 10° eV? nf - e 3n? -
€ I NC
2 200 . (. + ) CC

(v, +v,) CC

-2 -1
10 10 ]Tirr(eseconc
1 2 3 4 7 8

Reconstructed Energy (GeV)
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DUNE Far Detectors 1 Single-Phase
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Near Site T Beam line

NuMI

BNB
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