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The Qeqo ﬂncfergmund Mutm’no ixyen’ment

- MW-scale intensity neutrino beam from Fermilab to South Dakota over 1300 km

- Massive Liquid Argon Time Projection Chamber (LArTPC) as Far detector ~1 mile
underground with 40 kilotons of fiducial mass

* Rich Physics program: Mass hierarchy, CP Violation, Supernovae physics, Nucleon
Decay, New Physics etc.
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1132 collaborators from 179 institutions in 32 countries

The collaboration is rapidly evolving and is becoming highly international 3



DUNE: The Neutrino Beam

+ 60-120 GeV protons from Fermilab’s Main Injector

—
o
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1.2 MW beam power initially, upgradable to 2.4 MW
power — compare to MINOS (<400 kW) and NOvA
(600 - 700 kW)
 Achieving 1.2 MW beam power requires PIP Il (proton
improvement plan), a $0.5B upgrade — DOE CD-1

Unoscillated vs /125 MeV /m? /POT

approval in Aug 2018!

- 200 m decay pipe at -5.8° pitch, angled at South Dakota

True v Energy (GeV)
= Primary Beam Enclosure
Apex of Embankment ~ 607

MI-10 Point of Extraction —

Near Datector Absorber Hall Target Hall Complex
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LBNF: The Long Baseline Neutrino Facility



—_— = IrvanNnrAaltJAanAaAnAanT AlAam Sil ALl 11N MNPrAr

i}




DUNE: A ’J—[yﬁm’of Near Detector

+ Near Detector (ND) will be located about 600 m from the target
- ND goals: constrain the systematic uncertainties for oscillations by measuring

- “unoscillated” fluxes, neutrino-nucleus cross sections and likely detector physics
* Near detector conceptual design being finalized —

will be composed of multiple systems
+ A highly segmented LArTPC (50 M v,CC events in 1
year; 15 k veCC events in 5 years)
- a magnetized multi-purpose tracker
« A PRISM concept (movable detector) for off-axis

measurements
Segmented LArTPC

Modular LArTPC (~30 1)
: Low Density Tracker

(from Albert De Roeck)
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The DUNE Far Detector

- Four identical caverns for four independent Far detector modules, allows for

staged approach to 40 kt
- Plan to deploy first detector in 2024 with subsequent detectors deployed every 2 years

after that
- gives flexibility in detector technology & design
- Similar (but not identical) 10 kt detector modules — all LArTPCs




Far detector ofesign features

e A highly capable LArTPC

- Argon makes an excellent target (dense, abundant, cheap etc.)

Fine granularity & excellent calorimetry

Low energy thresholds

Can separate Signal (v, CC) from background (NC nt°)
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Technology allows for scalability = massive detectors

Bonus:
“bubble chamber” quality images
(high resolution — extract
maximum information from every
Interaction)

10



A neutrino event in the MicroBooNE LArTPC
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B @ Collection plane view
uBooNE . .

| Cosmic muon

= A ﬁigﬁfy ionizing track
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Cosmic muon
vertex
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“Imaging” detectors
digitized Bubble chambers
with Calorimetry!

Run 3469 Event 53223, October 21°', 2015

Wire direction




Drift coordinate

e/y separation: Bemﬁts cyf a LArTPC

For u, Appearance searches, e/y separation is critical
— Combine topology and charge information

ArgoNeuT Data

Single electron shower

v, CC candidate event

y—>e*/e shower
Neutrino 2014
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- Two designs under consideration

- First 10 kt module will be a Single Phase (SP): drift and readout all in liquid phase
- Second 10 kt module will be a Dual Phase (DP): drift in liquid; amplification and read out in gas
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The Singﬂe-CPﬁase Far ‘Detector

« 12 m x 14 m x 58 m active volume

- Cryostat has membrane design

- 150 APAs with 384,000 readout
wires

- Each Anode-Cathode chamber

has 3.5 m drift
+ Cathode at 180 kV
| + Anode planes have wrapped wires

- 6000 photon detection system

_r—-r—r—o (PDS) channels for light readout

1Y ‘ < .' (readout on both sides)

12m

APA = Anode Plane Assembly
CPA = Cathode Plane Assembly

Foam Insulation
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The Dual-Phase Far Detector

Sigral FT chimreys vith
Field cage sepersion
chimreys \

~—HV FT

—N = R
4
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Cathode at 600 kV

ilN

153,600 channels

L — 2

12 mx 12 m x 60 m active volume
Larger drift at 12 m and higher fields

- 80 Charge Readout planes (CRP) with

- 720 PMT Channels for light readout
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DUNE Oscillation CPﬁysics:
v, Qzl}ojoeamnce & Matter fﬁ[ects

e A v_ appearance experiment (in matter) will be sensitive to rich physics

(023, 013 & and matter effects)

5in?(Aa; —laL) ..
=4 A3 /
(Agy —jaL}? ™ a= GFNe /N2
, _ _ sin(As; —lal’ sinlaL!
H sin 26.5lsin 26,5 5in 2604 (é:ﬂ“ﬁ_ oL 1A3 :a;L-i “Ag) cos(Agy sz.’sz
= ... sin*lal] , D;j =
-+HCOS 9_)3?11] 2912 (a2 A'.!l: 4E
(For antineutrinos, a 2 -aand & 2 -0)

R B s N
P(v, = v,) = |sin®fdsin® 20,3

* Neutrinos travel through matter not anti-matter

v V. electron density in matter causes
asymmetry through forward weak
scattering = a hierarchy dependent

W effect

Ve

= e

* Probe CPV by comparing neutrino and anti-neutrino oscillations y
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https://arxiv.org/pdf/1512.06148.pdf

CP Violation Sensitivity

- Sensitivities computed using GLOBES

- Assumes equal running in neutrino and antineutrino mode and staging

« 75% of 6 = -2 at 5o in 6.5 years

- 50% of 6 range at 50 in 9 years
- 75% of 6 range at 30 in 12.5 years

CP Violation Sensitivity
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Significant milestones all
through the beam program!

CP Violation Sensitivity

= DUNE Sensitivity (Staged)
14+ Normal Ordering

[ sin®20,, = 0.085 + 0.003

- 6,,: NuFit 2016 (90°% C.L. range)
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‘Mass ’l—[iemrcﬁy Sensitivity

- Assumes equal running in neutrino and antineutrino mode and staging
* In 7 years,
- definitive MH determination for the overwhelming majority of the d..and sinz0,,

parameter space
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(.]TVLJOT oveJ ‘Monte COLT[O stucfies

- New sensitivity based on simulation using fully automated reconstruction and event
selection exceeds CDR sensitivity

-+ Convolutional Visual Network (CVN) selection techniques used for event
categorization and u_ selection

* Full update planned for TDR in 2019!

Events/0.25 GeV
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- New sensitivity based on simulation using fully automated reconstruction and event
selection exceeds CDR sensitivity
-+ Convoluted Visual Network (CVN) selection techniques used for event categorization

and ueselection

NE v. Appearance

Animesh Chatterjee

D years (staged)
prmal Ordering, 6.,=0

— Signal (v, +V_) CC
— Beam (v, +V,) CC
(v, +7.)CC
(v, +V )} CC

— NC

1 2 3 4 5 6 7 8
Reconstructed Energy (GeV) Reconstructed Energy (GeV)
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DUNE Su]aemovae CPﬁysics
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Other CPﬁySiCS Searches

ICARUS collab., Adv. TICP, vol. 2013, 260820 (2013)

___Daya Bay/Bugey-3 and 2

- Baryon Number non-conservation: nucleon cathode
decay and neutron-antineutron oscillations s
o aon decay
- Some GUT models explicitly break the baryon i muon decay
number symmetry predicting proton decay £ l
- proton lifetime is too long T > 10° years % en
- But, huge detector, large exposure (20+ year I
_ wire no. 0.5m
program) — watch many protons for a single » )
decay (v.CC appearance at Near detector)
10° g
10l
- Many Beyond the Standard Model searches "
possible at DUNE —~ 'E DUNE
. Dark Matt % - Simulation SN
ark Matter ~ 10 .
- Sterile Neutrinos 15] F _DUNESSHCL <

. . 1072 E MIN %
Large Extra Dimensions F LSND 90% C 1
- MiniBooNE 90% C.L .
. " MiniBooNE (v mode) 90°% C L
Non-standard Interactions 10" |- mm Kopp et al. (2013)
- 2005 Ganazzo et al. (2016)
- — NOMAD 90% C.L
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ProloDune DP ?‘ s PruloDune SP
o detector e L el deteclopRt: ProtoDUNE goals:

- Design validation, Operation &
Performance

_ _ - - Test beam data to understand

z e P AN detector response & Particle ID

ProtoDUNE-DP 6x6x6m?
ProtoDUNE-SP 6x7x7m? Genoral Layout

+ 10mm SS pancs ;
* imirsuaticn —Wr*

o 2mm Membeane
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ProtoDUNE-SP Control Room

construction complete!
Commissioning in

* ProtoDUNE-SP
progress
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ProtoDUNE-SP Cold Box Results

Allows testing of assembled APA and electronics before installation into protoDUNE cryostat

ENC (Gain = 25mV/fC, Tp = 2.0us) vs. Temperature

Promising results of APA

wire noise in cold box

2000 350
RTD TT0206 (K)
1750 - X plane lowest noise = 398+50 e 300
V plane lowest noise = 481+24 e~
1500 4 U plane lowest noise = 481+29 e~ [>50
1250 - -200
|
(0]
o 10001 150
p
L
750 - -100
500 1 —————] 50
i ——
B ENC of X plane
250 1 L0
Bl ENC of V plane
B ENC of U plane
o T T T T T T T T _50
0 10 20 30 40 50 60 70 80
Time / hour
B ————————

mperature / K

T
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complete in April 2018

* Successful HV tests at 150 kV!
to finish installation in Fall 2018

* ProtoDUNE-DP Field Cage
* Collaborators hard at work — aim




3x1x1 Dual Phase Prototype

e Successful demonstration of Dual-Phase technology

e Operated at CERN between June and November 2017

cosmic ray tagger
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Jingbo Wang
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DUNE Timeline

2018: ProtoDUNEs |
at CERN
* ProtoDUNE-SP

installation complete
2019:

e Technical Design Report (TDR)
* Far Site Primary Excavation
 CD-2 DOE review ProtoDUNE-SP

LAr filling
2022: First Module
Installation Begins
2024: Physics data
Begins

ProtoDUNE-SP
test beam

ProtoDUNE-DP

installation complete

2026: Neutrino Beam
available




DUNE Interim Design Reports (1DRs)

A significant milestone for DUNE — July 2018

Single-Phase

med <1 |
The DUNEL Far Detector Intesim Desize Reoon
Volume 2: Single-Phasc Module

Laep Undeground Neutnno Experunent (DUNE)
‘JarXiv: 180710327
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https://arxiv.org/abs/1807.10334

fxciting Tﬁysics Ahead with DUNE
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o Resolution (degrees)

8., Resolution

3

DUNE Senslivity (Staged)
Normel Ordering

sin'26,, = 0.085 + 0.003

£, NUFit 2016 (90% C.L. range)

=

. —A

20 weoeeee 5iNPO,, = 0,441 + 0.042
20

10

O e e 12 T

Years

1° @5 resolution (6,3 = 42°) 29 1
CPV at 3o (6cp = —1/2) i 3
MH at 50 (worst point) 209 b
10° dcp resolution (dcp = 0) 252 6.5
CPV at g (0cp = m/2) 253 6.5
CPV at 5a 50% of 4y 483 3
CPV at 3o 75% of écp 775 12.5
“Reactor 8,3 resolution 857 13.5

(sin® 20-3 = 0.084 £ 0.003)
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Time

Selection Efficiency

Wire

CVN Event Selection & fﬁciciency

Appearance Efficiency (FHC)

—t

0.8

0.6

0.4

0.2

v, Signal

NC Background
Signal (pre-selection)

CDR Fast MC
TensorFlow CVN

6 7
Reconstructed Energy (GeV)

8

» Events

* Training performed on sets of 500 x 500 DUNE MC images
« Event selection performed by applying cuts on v, CC-like and v,,CC-
like CVN classifiers

« v CC-like cut chosen by optimizing CPV sensitivity
« CVNv, event selection efficiency similar to that from CDR Fast MC

300t
200¢

100}

— Vv, Signal

—— Beam v, BG
Vi

— v,

—— NC

Optimized cut = 0.85

02 04 06 08 1

CVN v, Classifier



