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Alntroduction: LBNF & DUNE Far Detector
AProgress on PrototypingrotoDUNE

ADUNE Physics sensitivity



LBNF DUNE Facility

1-6 GeV muon neutrinos/antineutrinos obtained from higbwer proton beam (1.2 MW upgradable to 2.4 MW)

Near detector will characterize the beam (100s of millions of neutrino interactions)

Far Detector is >4kkon fiducial mass Liquid Argon Time Projection ChamheksT[PCY; fine granularity
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DUNE Far Detector

Long-Baseline Neutrino Facility

South Dakota Site Neutrinos from
Fermi National

Accelerator Laboratory
in lllinois

Ross Shaft
1.5 km to surface

Facility
and cryogenic
support systems

One of four
detector modules of the
Deep Underground
Neutrino Experiment

4850 Level of
Sanford Underground
Research Facility

4 chambers, 10kt fiducial mass each



DUNE Far Detecto

A A
~!
Long-Baseline Neutrino Facility N Field cage
South Dakota Site h
Mg .I .ﬂ"'
" | 5%
A THHL =5
Ross Shaft l
1.5 km to surface

First10 kt modulewill be Single Phase (SP)
design, LArTimeProjectionChamberl(ArTPL
divided into 4 drift volumes

4850 Level of
Sanford Underground
Research Facility



DUNE Far Detecto

Long-Baseline Neutrino Facility
South Dakota Site
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Ross Shaft
1.5 km to surface
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few mm resolution, 3D imagine

LAris good scintillator, released light collected by photon
detectors placed between inner wire planes : ;
andprovideo (when electrons start to drift) T




ProtoDUNE

A At CERMheutrino platform,
havebuilt 2 prototypes, 1/2
the size of planned DUNE

A Single Phase detector
collected hadron data and
cosmic ray data from Fall 2018

.
s

\ .

N\ N\ A Dual Phase detector
Y‘\ _ \( completed June 2019, started
\ -

: operations Sept 2019




ProtoDUNE —
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lonized charges  drift
vertically and read out on
PCBanode Signalamplified
in gas phase by micro
pattern gas detector (LEM)
Gain in gas phase reduces
stringent requirements on
electronicsg¢ 6m drift (12 m
drift for FD)

lonized chargesdrift horizontally, read out
on wires (3.6 m drift). Requireslow-noise
electronicssinceno signalamplificationthe



ProtoDUNBP ProwDUNESP _____ Cosmicsdata

150 — D Calibrated dQ/dx

|:| Uncalibrated dQ/dx

ProtoDUNE-SP Preliminary

A Charge deposition per unit lengtd@/dx) Sioo [
affected by spaceharge effect, = .
recombination effect, electron attenuation, ~sof
diffusion, electronics gain variation ‘ '
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A Detector response calibration is based on

cosmic muong shows good results for test s g =2
beam protons and muons Fisl L rmatE i o
e e Proton Expectation | —{140
T 10 BE :".-:__:;:; .75 —— Muon Expectahon ﬁ o 0
A High quality ofProtoDUNESP demonstrated 3 - o
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DUNE Analysis Techniques
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A Appearance efficienoy neutrino beam mode

A Work in progress to evaluate DUNE CVN for
ProtoDUNESP data 10



Mass Ordering and CP violation

Mass Ordering Sensitivity CPviolation Sensitivity
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2 FD modules (2Kt), 1.2 MW beam— + 1 FD module"", + 1 FD module—— Upgrade to 2.4 MW bear
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Hints Extra Neutrinos?

Most theories explaining neutrino masses need extra neutrinos and/orstemdard neutrino interactions (NSI)

LSNDMiniBoone Gallium, Reactor anomalies
Arxiv:1901.08330v1 (2019)
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A some preference for’3+ NSI with current data in NSI + matter: arXiv:1907.00991v1
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Extra’ affect Neutrino Factories B-factories High Energy Collider :
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Hints Extra Neutrinos?

% | Q T Tawpal Fit lepton universality violation abv ,
| — h» — é: :  (due to PMNS noanitarity?) Preference for nofunitary PMNS:
- : arxiv:1407.6607v2
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arXiv:1310.2057v2 (2014)
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’ . . . 13
Extra’ affect Neutrino Factories B-factories High Energy Collider
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Sensitivity to Extra Neutrinos

Case 184 *x 1 p Qo ): slowlight-sterile neutrino
oscillations, underdeveloped in ND, averaged out in FD
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Sensitivity to Extra Neutrinos

Case 184 *x 1®
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Sensitivity to Extra Neutrinos

Case 184 *x 1 p Qo ): slowlight-sterile neutrino
oscillations, underdeveloped in ND, averaged out in FD

arXiv:1707.05348v1
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light-sterile oscillation
frequency matches ND
distance.

Preferred by LSND &
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1803.10661v1 (2018)

Case 3%a
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Solar Neutrinos
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DUNE can measure solar neutrinos to help verify the
a0 yRFNR a2t N Y2RSf X Y!
characterize neutrino floor, resolve tension between
global solar neutrino measurementskiamLAND
(arXiv:1808.0823R characterize MSW affect
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Atmospheric &SuperNovd\eutrinos

A Core collapses expected to occur few times per century (at
10-15 kpc): test astrophysical theories, probe new physics

A When massive star collapses to neutron star/black hole,
~p 1 of ~ 10 MeV emitted for a few seconds.

A DUNE sensitive to supernova neutrinosthis is unique
among supernova neutrino detectors for the next decades.
Tracks can indicate direction of supernova

A Can use atmospheric neutrinos to extract
neutrino properties
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ED _g 80 :ﬁfalli Neutronization Accretion Cooling
— — . :
8_ 70 = E —}— No oscillations
-::hjﬂ 15 - ..g 60 E— E —+— Normal ordering
= ) - ! : —+— Inverted ordering
f & SOF i
10} 40 =
: Almosphanc neutrinos (Hyperk®, 5600 ki-yrs) = :
5 1 Atmospheric neutrinos (LAr, 340 ki-yrs) 30— E — —,——.—l
— 1 : | — — ] r
Width ol bands is dus to unknown CP phase - . il I :
and covers 100% of 3, values : *ar v 130M5.0184 20 m—— ,_Il —t—
— 1 : _l——f_
- . T |
% 0.45 0.5 0.55 0.6 10E ﬁ :
H Tll A I 1 L ; L 1 I 1 1 L L I 1 1 1 L I L ; 1
SIN“0, 0.05 0.1 0.15 0.2 0.25

Time (seconds)



Planned Canadiddontributions

Near Detector Prototype & Computing, Calibration & FELIX readout system &
Neutrino Interaction model Supernova neutrinos Extra neutrino & NSI searches
|}CS or r {aserln 0 Cryosta U\”aserl

External optical bench
-f-. Feed through for UV laser

Liquid argon level

,:_-_--.T'Q""' UV laser paths

Steerable [~
mirror ~ i

Drift volume

Claire David
Claire.David@cern.c

More manpoweris very welcomel!lf you haveother projectideasor
expertise in LAr technologies, data acquisition, electronics etc., Nikolina llic
pleasecontactus! We will organizeexpertisesharingworkshopsoon Nikolina.llic@cern.ch




Summary & Outlook

A DUNE is a broad band energy neutrino experiment

A ProtoDUNESs running smoothly and performing well

A DUNE will have unprecedent sensitivity to neutrino mass hierarchy, CP violation, and searche
for extra neutrinos. A rich atmospheric and solar neutrino program is under development.

A Canada is getting involvegplease feel free to join

A TDRcompleted https://arxiv.org/pdf/2002.03005.pdf



https://arxiv.org/pdf/2002.03005.pdf

Backup



Uncertainties

Energy Scale Uncertainties
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Extra Neutrino Searches & NSI f|
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other dimensions

(Seesaw I/11/11)

Neutrino mass generation
(if mass hierarchy too big
naturally get lighto ), but

suppressed; and get no
observable phenomena at
energies we can reach

Non Standard Neutrino Interactions (NSI)
Minimal Unitarity violation (MUV)

After EW symmetry breakingPMNS non
unitarity induced by mixing with heavy
neutrinos. Implies breaking lepton universali
and lepton flavor violation

(inverse or linear seesajv

1 0 T 1+ e €ep Eer
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2E

NSIg strong matter
effects. Not sensitive
at Colliders, but are
at neutrino facilities
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Dark photon &
extra neutrino
motivated by

Add new Scaler
Radiative models.
(some type 1
radiative models
have NSI, all type
Il radiative
Y2RSfa R
have NSI)
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Parameterizations for Extra Neutrinos Searches
3x3 active  Activeheavy mix
.7 v O
Y Y ' b RLHP can be related to
Activesterile mix Sterileheavy mix each other: arxiv:1609.08637v3

R allowed at % level since it can only be probealsaexp. : Direct Heav§l Here N is not unitary 2 common parametrization

If sterile’ would participate in neutrino oscillations : Neutrino  : _ "
ie: 0 depends orb i Searches at: Triangular _ jlermltlaf .
 LHC 4 o )Y (O )Y«
3+1, 3+N scenarios-— h— A : 1 |
- . Unitary
B » : : PMNS
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Limits on Extra Neutrinos

For neutrinos with masses below the electroweak scal
best limits from oscillation data. BUT most future
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Lepton Flavor Violation & non Unitarity of PMNS

arXiv:1605.08774v2, 21 Dec 201€
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FIG. 3: Ax? profile minimized over all fit variables except for one f, (or v/27j,o) in the case of
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Figure 1: Individual contributions to the total x* from the considered observables. The left column shows the
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Y (MUV) for the observable i. The positive blue (negative red) bars indicate an improvement (worsening) 26
of the MUV scheme best fit compared to the SM.



Tau Neutrinos in DUNE

The discriminating power of O hd h0
induced interactions, represented by

distributions,and the ’
hasheddistribution.

ca| &

filled yellow
backgroundeventsrepresentedby the

ca| &
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