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e |Long-baseline neutrino experiment

e From FNAL to SURF

e Most intense neutrino beam in the world

* Biggest liquid argon time projection chamber (LAr TPC) in the world

Sanford Underground
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e 1100+ collaborators
e 170+ Institutions
e 32+ countries

e (Goal: measure neutrino properties

Sanford Underground
Research Facility

miles —

4,,.(1—3:.?‘2“0“,eters)

NEUTRINO
PRODUCTION

PARTICLE

DETECTOR
L UNDERGROUND

PARTICLE DETECTOR
L EXISTING

LABS

PROTON
ACCELERATOR

Fermilab

{,







Neutrino Oscillation Parameters
And Other Properties

e Measurement of P(vy - ve) and P(Vy - Ve) puts limits on:
e Oscillation parameters
e CP-violating phase ocp

e Mass hierarchy



Matter-Antimatter
Asymmetry

P (v, - Ve) @ 1300 km

0157 & Sop = -T2
. i { 6op=0
e Measuring energy e
spectrum of incoming 0107::: &% il 6cp=T/2

neutrinos determines 6¢cp

e Important peaks around 3 0057

and 0.7 GeV




Mass Hierarchy

e Neutrinos in beam encounter electrons in the earth

e Causes asymmetry between neutrino and antineutrino
oscillations

» Sign of asymmetry depends on sign of Amy,

P, - v,) — P(D, = 1,)

o =
P, —-v)+ P, -1,




Supernova Neutrinos
Nucleon Decay

e DUNE is particularly sensitive to ve coming from
supernovae

e Relatively low-energy neutrinos of O(10 MeV)

e DUNE’s low background environment and high mass
makes it suitable for nucleon decay studies



e 10 kt fiducial liquid argon per module (~17 kt total)

e Neutrino counter (both CC and NC)

Anode deck

Sigral FT chimreys with
5" i Field cage suspersion
chimreys .‘
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Anode wire planes:
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m.L.p. ionization:

6000 e/mm

Edrife ~ 500V/cm




Liquid Argon TPC

m.Lp. ionization:
6000 e/mm

Cathode
Plane

—
Egrife ~ 500V/cm

Anode wire planes:

Y

,‘}'
£
VF
4
."
Y
./‘:,
¥
L
7
v
¥
£
j‘.

time
g




* Previous largest LAr TPC was ICARUS at 600 tonnes

 Going from ICARUS’ 0.6 kt to DUNE’s 4x17 kt is a big
leap
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* Previous largest LAr TPC was ICARUS at 600 tonnes

 Going from ICARUS’ 0.6 kt to DUNE’s 4x17 kt is a big
leap




* Prototyping is needed!
e Validation of technology at full scale
* TJest detector response of various beam particles

e 1,3 and 7 GeV protons, pions, electrons and some
kaons

* Develop reconstruction algorithms
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Proto

* Prototype for DUNE 1% of final detector size

e Built in two years  Uses same components

18th of October 2016 2nd of October 2018
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ONLINE

Cryostat

4 SiPM channels per bar
10 PhotoDetector bars per APA
4 FEMBs per WIB 12 ch per SSP

PhotoDetector 20 FEMBs per flange 40 SiPM ch per APA
1 flange per APA ProtoDUNE = 24 SSPs Control PCs

14b - 1 Gb/s mak per SSP
ADC

1 BoardReader per SSP

o Bias
50-NHz trl+M
Cirl+Mon BoardReader

2.5-10.3 Gb/s

Boul E;J 4
| )

Power/Timing

Card-Fanout PLL/Clock RCE
synthesizer Ethernet] Event Builder

2560 |channels switch

wiB
1 PTC per ﬂangeFlange 5 WIBs per flange

N EventBuilders depends on data rate

ProtoDUNE = 6 APAs
DUNE FD =150 * 4 APAs

ProtoDUNE = 6 flanges ATCA

Jackplar

2-2.5 Gb/g per RCE
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: H Timing & Aggregator
: Ctrl Distrib -BoardReader
]
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Monitoring

1 BoardReader per RCE

2048 ch/COB = 256 ch/RCE Aggregator
2 FEMBS/RCE

16-ch FE 16-ch ADC COLDATA |[J1.2 Gh
AsIC AsIC FPGA 4

Analogue MB Igitar Miezzanine 1/2 WIB/RCE
4 WIBs/COB BoardRead
8 ADC ASICS per FEMB ProtoDUNE = 8 COBs COB oardReader

20 COLDATA or 20 FEMB APA AT e
or per . ProtoDUNE = 1 ATCA crat
128 ch per FEMB Timing Trigger e oo Storage

System istri
Distrib. FELIX  FLX710 50 Gb/s per FLX710 Buffer
Data Merging
Data FPGA L BoardReader

1 BoardReader per FLX710

Offline

Control .
Felix PC

Clock 24 bidir links per FLX710 @ 3.2 Gb/s
2 FLX710 per APA

Global Trigger

—
Beam Inst WR
—

Tri [ timing system
rigger Input Throttle

System

Throttle Beam Instrumentation
-Spectrometers BoardReader
-BPM Trigger

KH - version 9 -PID System

DocDB - 1463 v5 -TOF

Cosmic Ray Tagger




e FELIX is an ATLAS DAQ system
* Front-End Link eXchange

e ProtoDUNE-SP: 96 Gb/s of data from one entire APA
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* Principle: use commodity hardware as much as possible

e Make use of industry advances

e Two cards in use in ProtoDUNE-SP

* Nikhef contributes soft-, firm- and hardware T
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3 APAs: ~7 m




~.
>V
.

20

\n \--‘ <
\

assorted

\

\\\

hadrpns

NN

v»\

2



Proto r‘

e DUNE: 70 kt LAr TPC neutrino detector

* To resolve multiple outstanding questions in neutrino
physics

* ProtoDUNE: 800 t “small” prototype for DUNE
e Successfully taking data
* First tracks look great!

* [ooking forward to understanding the detector and
reconstruction performance
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DUNE Timeline

2017: Far detector construction begins
2018: ProtoDUNEs at CERN

2021: Far detector installation begins
2024: First physics data

2026: Neutrino beam available
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DUNE Cost

Total: ~ $2 billion
DUNE far detector: ~ $480 million
US DoE: ~ $1.5 billion envisioned

UK: ~ $88 million pledged
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DUNE Measurement
Projections

Mass hierarchy determined at 50 in 2—35 years
Ocp determined to within 7°—13°in 10 years

Could catch Milky Way supernova neutrinos:
10,000 events over 10 seconds

Put limits on proton decay (t > 1033 years)
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DUNE MSW effect

Py, = v) (dor

- Vacuum
Matter

- Anti in Vacuum

—— Anti in Matter

Energy (GeV)




