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DUNE mission and concept

 What is the origin of the matter-antimatter asymmetry in the universe?
 What are the fundamental underlying symmetries of the universe?
 Is there a Grand Unified Theory of the Universe?

 How do supernovae explode? New physics from a neutrino burst?

Sanford

Underground
Research . g .- SRS ..
Facility ites =222

Fermilab

\/

v New neutrino beam facility at Fermilab

v A highly capable Near Detector at Fermilab to measure the unoscillated neutrino
spectrum and flux constraints

v Alarge LArTPC deep underground at SURF (Lead (SD) 1300 km baseline) to
measure oscillations and non-beam physics

v Exposure of ~10 years to v /v modes (50% / 50%)
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DUNE Collaboration

From July/10/2017:

964 Collaborators
162 Institutions
30 Natlons

Fib




Sanford U nderg round The US is keeping open the
Research Facility - SURF_ Lt & v 2ke (SD) for

SN

<« | * External Buildings and
shaft access

* Halls @ 1480 m deep

« Majoron (OvBf) and
LUX (DM) experiments

 Layout of underground k. =
experimental hall T

More details on Jaret Heise's next talk --—
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LArTPC: the Far Detector technology

Liguid Argon TPC
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* High resolution data.

- High event selection efficiency and -
excellent background rejection.

lonization charge drifts to finely segmented
collection planes.

Scintillator light detected for drift time.

LArIAT TPC readout LArIAT TPC readout
Run 6054; Spill 31; Event 0; 2015-06-05 16:43:57 Run 6064; Spill 659; Event 0; 2015-06-07 09:53:54

i

Photon-initiated shower candidate Electron-initiated shower candidate
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Far Detector: LArTPC

Free-Standing Steel Cryostat

People for Scale

19.1m(15.1m) W x 18.0m (14.0m) H x 66.0m (62.0m) L

6 E. Kemp | DUNE: the Far Detector é"%- Du(VE

uuuuuuu



Far Detector: LArTPC

Design Scope — Membrane Cryostat

The corrugated stainless steel primary barrier:

Small

corrugation
Knot (large and
small
corrugation

; / intersection)

Large
corrugation

9 Plywood board

9 Secondary barrier

e 6 Bearing mastic

0 Stainless steel primary membrane
6 Reinforced polyurethane foam

6 Reinforced polyurethane foam
@ Plywood board

@ Steel structure with moisture barrier

Corner panel
Inner hull  Secondary
Triplex
membrane

Primary Top bridge pad
stainless steel
membrane

Flexible Triplex
joint

Resin ropes
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10 Kton each In staged

AVE Far Detector at SURF deployment strategy

* The first module will be a single phase TPC (live
in 2024). lIts design is mature and the basis for
the engineering prototype at CERN

* Subsequent modules can incorporate design
changes that are demonstrated by ongoing R&D
efforts, including a dual phase TPC option

8 E. Kemp | DUNE: the Far Detector %‘_'}%.

uuuuuuu

%
T



Far Detector: LArTPC

I RT T '
y/ ///////// 77

:3.6 m
EEERT

mm spatial resolution — »
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Anode Plane Assemblies
(APAs) with three instrumented
wire planes on each side (one
collection and two induction) to
readout ionization charge

Drift field of 500 V/cm (cathode
planes: 180 kV)

Four drift regions 3.6 m each
Photon Detection System
(slide 17) integrated into APAs
to measure (early) scintillation
light for non-beam event timing

Run 3493 Event 41075, October 237, 2015



Far Detector: LArTPC -APAs

| Parameters of the four planes of wires on an APA

Label Function Orientation Pitch Number Bias Voltage

(from vertical) (mm) (volt)
G Shield/grid plane 0° 479 960 —655
U 1% induction plane +35.7°  4.67 800 —365
\% 2" induction plane —35.7°  4.67 800 0
X Collection plane 0° 479 960 +860

37y 4”
55304 tube

S5304 tube

~
x
™

3 x4
55304 tube
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Far Detector: LArTPC — CPAs

CPA: provides HV
Stainless steel tiles and frame

3.0 m long

— ww 7777
5 B e T o

‘ms
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Far Detector: LArTPC —Field Cage

Field Cage: field shaping
PCB structure

(picture from the corner of
the 35 ton prototype)

f

Electric Field
simulations showing a
very good uniformity in
a safe distance from the
FC elements

/7=
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Far Detector: Photon Detection System

| 12 chan. readout |

Warm

Cold

from 2 other 12 SiPMs
PD modules (3x ganging)

TPB-coated
wave-guide

430 nm
photons

128 nm

"\/\’\Pifiins
< -----------------------------

Scintillation components: fast (6ns), slow (1,6 us)
e drift velocity: ~ ms

(a)

lonization

LIGHT provides T !!! (arse @ .

o
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Far Detector TPC performance

arXiv:1601.02984

Parameter Requirement Achieved Elsewhere  Expected Performance
Signal /Noise Ratio! 9:1 10: 1 11, 12] 9:1
Electron Lifetime 3 ms > 15ms [12] > 3ms
Uncertainty on Charge
Loss due to Lifetime < 5% < 1% [12] < 1%
Dynamic Range of Hit
Charge Measurement 15 MIP 15 MIP
Vertex Position Resolution® (2.5,2.5,2.5)cm (1.1,1.4,1.7)cm [13, 14]
e — 1y separation €, > 0.9 0.9
e — 1y separation ~y rejection > 0.9 0.99
Multiple Scattering Resolution
on muon momentum? ~ 18% ~ 18% [15, 16] ~ 18%
Electron Energy Scale From LArIAT
Uncertainty ~ 5% ~ 2.2%[17] and CERN Prototype
Electron Energy Resolution 0.15/4/E(MeV) 0.33//E(MeV) [17] From LArAT

®1% +1% and CERN Prototype
Energy Resolution for From LArIAT
Stopping Hadrons < 10% and CERN Prototype
Stub-Finding Efficiency® > 90% > 90%
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v’s oscillations

1300 km 800: ~;DUNE v, disappearance 350; DUNE v, disappearance
C 150 kt-MW-yr v mode F 150 kt-l\ﬁW-yr v mode
Normal MH 7001 § §sin?(,,)=0.45 — Signalv, CC 300  sin’(0,)=0.45 —— signalv, cc
C — NG C - m— Bkgd v, CC
il r — (V4V} CC L —NC
-‘3c:i| -2 600? R Ek;‘:jv cc L : (Tav) CC
-ﬁ =0 % r == CDR Reference Deslgn % 250 &4, —— CDR Reference Design
% (V] C + """ Optimized Design (0] r fF Rl e Optimized Design
- B = +2 500 -
8 = & 2001
T — By, = 0 (s0lar term) . = { rs
0.10] % 400; K % H
A 2 F & 150[
5 300k s
> F 4 -
W oF W 100
2004
100

P e T
o : o T2 s 4 s 6 7 8
Neutrino Energy (GeV) Reconstructed Energy (GeV) Reconstructed Energy (GeV)
120 -
L e, DUNE v, appearance DUNE v, appearance
. . i i 150 kt-MW-yr v mode - 150 kt-MW-yr v mode
* Simultaneous fit to extract sof  § 1 NormalMH.S=0 30 Mo e~
L el H 23/= V- C 23/7 "
MH and 8, - —mems | Lo e
. . 8 80_* — NC 8 E —_— NG
(v, anti-v,, v, anti-v, ) o L e o s0n e
' N F == CDR Reference Design N C : = CDR Reference Design
° Plots beIOW assume normal % 60_* ...... Optimized Design % 15: A Ey] e Optimized Design
MH and §.,=0 8 4ol s |,
w W qofi
* Exposure:y 300 ; ;
20
kTon*MW*years 5
T2 3 4 5 B 7 @ e T T %
Reconstructed Energy (GeV) Reconstructed Energy (GeV)
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Sensitivities: Mass Hierarchy and o,

25
| DUMNE Sansitivity
L Normal Hierarchy COR Fakence Dusign
[ 300 ki-MW-years . Optimized Dosign
20| sin'2 , = 0.085
| sin®il,, = 0.45

Cooobwnalovaloralonabonalovalonalonailong
l"!'I -08-06-04-02 0 02 04 06 08 1

Bep/m
- DUMNE Sanseitivity
[ ohy —— CDA Astemnce Design
TE 300 ki-MW.-years Dptimisnd Dasign
- sin’a,, = 0.085
s - siney, = 0.45
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More details on Lisa
Whitehead'’s talk

1
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SupernOva DeteCtiOn o More details on

Amanda Weinstein’s
talk

eak flom v, "%,
v, “Ar

* Requires an efficient non-beam trigger
« Other experiments rely on v_capture via inverse 3-decay

« DUNE will be able to observe the v_flux through capture on

Ar40
— Unique sensitivity to the electron flavor component of the

flux

— Provides information on time, energy and flavor structure
— Rates depend on core collapse model, v oscillation
models, and distance. 1
— Expect >3000 events from a supernova at 10 kpc

Everts per hin

10° 10" 1‘|‘||'|'|e (seconds)
" i Galgxy Edge LMC Angromed;
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Baryon Number Violation:
p-decay

Decay Mode Water Cherenkov Liquid Argon TPC

SupeI’IOI’ deteCtlon effICIency fOI‘ Efficiency Background Efficiency Background
: p— Kv 19% 4 97% 1
K production modes K Lo, . e =
p— Ktpu =t 97% 1
n Kte™ 10% 3 96% <2
» K PID through dE/dx G 100, ; % .
« High spatial resolution and low
energy thresholds
- rejection atmospheric
backgrounds
~ 10%}L
. .. . . (]
ngh EﬁICIenCy (>90%)’ hlgh purlty EE DUNE 40 kton (10 kion'yr x 4)
selections for s e e
p-K+vandp - Ko+ £ 103} 0 s s
.‘E Super-K 260 kt-yr
Requires efficient non-beam &
T M H H H @ DUNE 40 kion/!
trigger (Ar scintillation early light) E ;38 Frica
cathode _E |
: 5 - |
kaon decay I
w “simulated”™ HEELED P SRy I
8= PGy L. 1032 1 bt perda el b by e b el
Pl ol P e 0 2 4 6 8 10 12 14 18 18 20
wire no. _ : 0.5 m

Year
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Timeline

- A 35t LarTPC prototype 2015.

 Full-scale prototype at CERN 2018.

- First 10kt LArTPC module (single phase) underground 2021.
- Choose technology for the 2nd, 3rd, 4th 10kt module.

- Collect FD data by 2024.

- Beam on by 2026.

-+ Finish a fine-grained tracker ND by 2026.

- Finish all construction by 2028.

* Reach an exposure of 120 kt. MW.years by 2035.
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Conclusions

* DUNE will have: MW neutrino beam, highly-capable fine-
grained near detector, 40kt LArTPC deep underground at SURF
(see Jaret Heise's talk).

* Clear plan has been made. Strong collaboration formed.

* Aim to solve neutrino mass hierarchy and CP-violating
phase via oscillation measurement (see Lisa Whitehead'’s talk).

* Rich non-oscillation physics topics: proton decay, supernova, v
interactions, and more (see Amanda Weinstein’s talk).

* Many opportunities both for new collaborators and students.

Future is promising !!
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S e End

Special credits for DUNE colleagues (comments and slides inspiration):

Jim Strait, Maury Goodman, Dan Cherdack, Mary Bishai, Michele Stancari,
Hongyue Duyang, Bob Wilson, Gabriel Santucci, Thomas Kutter

Main Content:
Long-Baseline Neutrino Facility (LBNF) and Deep Underground Neutrino Experiment (DUNE) : Volumes 2 and 4
e-Print: arXiv:1601.02984 , arXiv:1512.06148
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DUNE + LBNF

Detectors and science collaboration will be managed
separately from the neutrino facility and infrastructure.

LBNF(Long-Baseline Neutrino Facility):
+  Neutrino beamline.

Near detector conventional facilities.
Far detector hall; conventional facilities.

DUNE(Deep Underground Neutrino Experiment):
Far and near detectors

Scientific research program ' oL
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fimzry Beam Erdos e
T haax o' Erbarkoen - 507
|
w10 Fork of Extractian
|

Hear Detector Absorber Hall Target Hall Comples
Hirk Sarvice Bullding Sarndca Bullding [LENF-20) Prlitnary Bearm
Road — |LEMF -4 (LBNF 20) Sorwice Bullding

Abarker Hull [LENF-5]
ared Miuan Alcova

1} Ehkkk
ey n: Target | MCZaro|

~ 40% of beam power in target chase

~ 30% of beam power in decay pipe
St S —

T

s and one planned beam

Tl

DECAY PIPE
UPSTREAM
‘WINDOW

. _ R B = Low Energy Tune
g
Decay Pipe: 194 m long, /J o
Ot iti-pl thetic b ed ——— Medium Energy Tune
4 m in diameter, double — | S uter mvlt}-ply geosyrihetic barrier {red)

Inrer milti-ply geosynthetic barrier |yelow]
Dralnage Layer (blue)
uid Sab (kan)

wall carbon steel, helium
| filled, air-cooled.

=——— High Energy Tune

Target Chase: 2.2 m/2.0m
air-filled and air & water-o

1st Horn: NuMI Design (current LBENE
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Vv’s oscillations

What we do knOW' Neutrino Mass Hierarchy
[(-’rell.2 > |L -:-l > |L’ | ] e V. B
_ Normal *:’CF Inverted '
AmZ, = Ams, ~ 7.5 x 107° eV? gV ee— —
AmZ = |Am3,| ~ 2.5 x 1077 eV? AM

sin® fy; ~ 0.31
’0’\'2

sin? fyq ~ 0.45-0.55

o 2 i ——
E cﬁmsnl

sin’ B3 ~ 0.02 X. Qian & P. Vogel, arXiv:1505.01891
What needs to be determined:

mass hierarchy (sign of Am_?), 6_, octant (dominant flavor in v,),
CP violation in the lepton sector
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Near -+ ND goals:

Constrain systematics to the v. appearance measurement.
Dete Cto r - Precision physics measurements on its own.
- Alternative designs:
LArTPC
High-Pressure Argon Gas TPC
Hybrid detector.

Muon Detector

The reference design:
High Resolution Fine-Grained Tracker.

« ~-3.5mx3.5mx6.5mSTT (p = 0.1 g/lcm3).

* 47 ECAL in a dipole magnetic field
(B=0.4T).

* 4t MulD (RPC) in dipole and
up/downstream.

» Pressurized 40Ar target = x10 FD statistics
Straw Tube Tracker (Argon target)
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ProtoDUNE

7" Infrastructure + Beam

770 t total LAr mass ; g EHN1 area at CERN
Indermial slal dimensions:

7.9m (w) x 8.5m () x B.1 m {h)

Il S rdeon mowd priTary pHehrane
B rresscabean

'ﬁ Aetafared polyiureiia e ledm
n o R BT

" Erinfarced pabvureihaee lcam
B preancabeard

Eparieg rrasie

'ﬂ Sriw] arriectd e with mwEatEns Ba e

cryostal insulation (~ 0 em thick) -~
Beam compaosition: o

-2 Mixed hadron beam (=, p, K) or
- Relatively pure electron

Beam instrumentation:
Momentum = specirometer
Particle 1D = thresh. Cherenkov counter, time of flight

Rates: SPS spill of 4.8s and super-cycle of 2 spills/50s ]
=2 x 488 = 25 Hz == 250 pclesfsuper-cycle " CERN H4 baamline
= With 50% efficiency: ~ 200k pcles/day extension

APA #1 at CERN




Timeline

Haoy-15 Mar-16
CD-1 Refresh CD-3a Jan-19
Approval Approval C0-3b Approval

Critical paths
shownin
RED

susies

2115 Jea|.

[ DOE Activity
77 pOE and Non-DOE Activity
7 Non-DOE Activity

Co EnﬁunLI Facilities Preliminary & Final Design

o e e
I

I
) MND Assembly

Apr-27
CD-4 {arly
completion)

ProtpDUNE

avation incl. Waste Rock Handling
Excavation Cavern 1-4and UGI

1 Cryostat #1-2 Construction

Install Detector #1-2|
G Cryostat #3-4 Const

e

NMD Design
CF Preliminary & Final Design

Fuction

Fill & Cnm:rissiun Det #1-2

pment

AR EEEREEEEER LS LR SRS EEEEEEEE SIS IS ETE,
e ]

CF Mear Dete

ProteDUNE complete I Bea

Cryostat #1 Ready for
Detector Installation

F5 Conventlonal
Facilities Complete

Mear Detactor Hall Benaficlal
Qccupancy — NS CF Complete

r Hall

Install Beamline systems
EZEA rartial Assembly on Surface at F
EEEEEA nstall & Comm ND in

AL

mline Complete

Mear Datector Completa

Dat #2 Commissloned
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PDS design

Figure 4.13: The front-end electronics, shown in the red circle, as mounted on an APA. (Note that this
figure was not updated to show the current photon detection system scheme.)
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Expected Signhals

v mode (150 kt - MW - year)

CDR Reference Design

Optimized Design

v. Signal NH (IH) 861 (495) 945 (521)

v, Signal NH (IH) 13 (26) 10 (22)

Total Signal NH (IH) 874 (521) 955 (543)

Beam v, + 1. CC Bkgd 159 204 v
NC Bkgd 22 17

v, + v, CC Bkgd 42 19

v, + v, CC Bkgd 3 3

Total Bkgd 226 243

v mode (150 kt - MW - year)

v, Signal NH (IH) 61 (37) 47 (28)

7. Signal NH (IH) 167 (378) 168 (436)

Total Signal NH (IH) 228 (415) 215 (464)

Beam v, + 17, CC Bkgd 89 105 V
NC Bkgd 12 9

v, + 1. CC Bkgd 23 11

v, + v, CC Bkgd 2 2

Total Bkgd 126 127
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Timeline

7
|
CF SITE PREP

2B 219 20 Ja 222 2023 Hda

DETECTOR i1

TECHNICAL umwu»*-

DETECTOR B3

q DETECTON B4

SHAFT UTILITES

s 0k 7 EliFE]
Coib

e

BEAMLINE
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