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CA"’@ Collaboration Structure

Sanford
Underground
Research Facility

DUNE Cospokesperson
Mary Bishai (BNL)
Sergio Bertolucci (U. of Bologna)

Authorship and Publication Board
Speakers Committee

DUNE Institutional Board
LBNF/DUNE-US
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DUNE Management Group

Technical Coordination
FD1: Eric James
FD2: S. Kettell
ND: H. Tanaka

Computing
M. Kirby

Phase Il Group
S. Solder-Rembold

Physics Coordination
C. Marshall

Resource Coordinator
G. Barker
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NEUTRINO EX

DUNE Collaboration
over 1300 members
from over 200 institutions
in over 30 countries

Korean members of DUNE Collaboration
(20244 3E 12 & XY)

K — DUNE Physics WG Activities Beam/Detector Consortia
Chung-Ang University
ﬁ/l\;vs:d Sl\jg:]vg; ((EE:ZES:?\ :Illlgvv\x Chung-Ang University (&4 Al &) Chung-Ang University (&4 Al H)
- Park, Juseong (Graduate Student) Neutrino interaction (Gwon) TPC Readout (w/BNL Cold
: Kim, Suhyeon (Graduate Student) protoDUNE analysis (Gwon, Masud)  Electronics Group)
: Kim, Siyeon (Professor, IR) Beam BSM (Masud) Phase Il Group (w/BNL WbLS, #H
Jeon-Buk National University Long-Baseline osc (Masud) =%
: Shin, Seodong (Professor, IR) Software & Computing (w/ BNL
Jeon-Buk Nat’l University (+ A1 &) Wire-Cell, Masud)
_KISTI , Beam BSM
 Cho, Kihyeon (Professor, IR) Atmospherics & Exotics KISTI (Z7]9)
POSTECH Data & Network

: Chung, Moses (Professor, IR)

Postech ("d 2 All)

Beam interphase
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Physics Organization Chart

Physics Coordination Long-baseline Atmospherics & Exotics FD sim/reco
Inés Gil-Botella Callum Wilkinson Josh Barrow Laura Paulucci
Chris Marshall Luke Pickering Yun-Tse Tsai Dom Brailsford
ND Prototype analysis Neug:lr::t;:tr;ti:t:iiglons Beam BSM ND sim/reco
[;edro \(?(ﬁl(h?l Rik Gran Justo Martin-Albo Linda Cremonesi
oya Vallari Laura Munteanu Alex Sousa Mat Muether
Liaisons Low Energy Calibration prEt‘?DhUVrjE, a'ﬁal?is
Dan Cherdack (ND) Clara Cuesta Rhiannon Jones Iiliira Zaixtl%eel‘?i
T k i Dan Persh Mike M
om Junk (computing) an Pershey ike Mooney e
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W LAXV.S
A Physics Issues of DUNE

Accelerator-Neutrino Physics Non-Accelerator Physics

o
=

» Long-baseline oscillation  High-Energy Neutrinos

* Neutrino interactions GeV-scale: atmospheric

« ProtoDUNE analysis neutrinos, nucleon decays and
other signals where atm

neutrinos are a background.
 Beyond Standard Model

* And more... « Low-Energy Neutrinos
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Long-baseline oscillation

1285-km baseline
Neutrino energy range Sub GeV ~ 10 GeV

Appearance of v,(V,) and disappearance of
vﬂ(ﬁ) at FD

Neutrino mode(FHC) and antineutrino mode(RHC) :
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DEEP UNDERGROUND
NEUTRINO EXPERIMENT

cA,‘EI Neutrino-antineutrino asymmetry: P{Vu>Ve) vs. P( Vu>Ve)
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Neutrino Interactions Kendall Mahn
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What do we actually measure?

Interaction
Modes
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Many modes
contribute to any
measurement

Integrated over
broad w region

Difficult to tune
theory models!
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* Multi-scale problem

* We have neutrino energy range .5 ~5 GeV and energy
transfers from nearly zero to about 1 GeV

* Nuclear response

Elastic

Metastable excitations
Quasi-elastic

Inelastic

* The separation of processes failed.

%1.4
o
T2 ' Interaction Channel | Event Rate
L1 | | ND-LAr | ND-GAr
w08 CC | v, | | | 82x 107 | 1.64 x 10°
%M | | or | | 29x107 | 5.8 x 10°
- | | 1n* | | 20x107 | 4.1 x 10°
5% || 12 | | 8.1x10° | 1.6 x 10°
° || o | | L1x 107 | 2.1 x 10°
| | 37 | | 4.6 x10° | 9.3 x 10
I3 | | other | | 92x10° | 1.8 x10°
: | 9, | | | 36x10° | 7.1 x 10*
g | ve | | 1.45 x 10° | 2.8 x 10*
8 NC | | 5.3x10° | 5.5x10°
v+e | | 83x10% | 1.7 x10?
Events per year (1.1x1021 POT)
Neutrino e:ergyT(GaV)
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Neutrino Interaction Physics &
the DUNE Near Detector

Mateus F. Carneiro on behalf of tt

1e DUNE Collaboration
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Events per bin

Non-beam physics with Phase |

DUNE is already very sensitive to
a galactic supernova burst with P
hase |
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Axion-like Particles at the DUNE Near Detector:

e ALP with small effective couplings to photons or electrons;

Latp D

24 ete” = inv. +y

] —— DUNE-like LAr (1)
] === DUNE-like LAr (7 y)

1073 —— DUNE-like CAr (1 )
=== DUNE-like GAr (7 y)
1079+ , — :
10? 104 10° 10% 1010

m, [eV]

Axion-like Particles at Future Neutrino Experiments:
Closing the “Cosmological Triangle”

Vedran Brdar,'?* Bhaskar Dutta,® ! Wooyoung Jang,* * Doojin Kim,>

Tan M. Shoemaker,> 1 Zahra Tabrizi,? ** Adrian Thompson,® ' and Jaehoon Yu?

PRD 107, 055043 (2023)
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(d) vy decay
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Near Detector
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LBNF/DUNE Project - Delivered at Two Sites through Five Subprojects

Far Site = SURF in Lead, SD Near Site — FNAL in Batavia, IL
Facility/Infrastructure and Far Detectors Facility/Infrastructure, Neutrino Beamline,
and Near Detectors

Sanford _ e ;
Underground . s . Fermilab
Research e s

Facility

\ Three subprojects Two ﬂ%rojects

« FSCF-EXC - Far Site Excavation

* NSCF+B — Near Site Conventional Facilities +

« FSCF-BSI - Far Site Building & Site Infrastructure Beamline
* FDC - Far Detectors and Cryogenic Infrastructure « ND — Near Detectors
3 20 May 2024 Macier | FDC Update LBNF/SUMVE
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Excavation of Underground Facility in South Dakota is complete!

Excavation completed in Feb 2024!

> 800,000 tons of rock removed
- equivalent of 8 aircraft carriers

~6500 cubic yards of concrete

Work was done safely

- Excavation subcontractor exceeded
1 million hours without a lost time
incident. Significantly exceeded
industry safety metrics.

Cryostat installation begins in 2025

o

1,200° Raise Bore

~ haft
: 4 Vent S \ |

Spray Chamber

Far Site Underground Facilities ... .o room

Expanded Drift

Maintenance Shop

2 x Detector Caverns:
4TS LxBS'Wx92'H
145m L x 20m x 28m

#6 Winze Dump
G24'LxBA'Wx3IT'H
180mLx20mWx 1imH

Concrete Supply Chamber

1 x Central Utility Cavern (CUC):

20 May 2024 Macier | FDC Update

2024-07-25

LBNF/DUNVE
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Far Detector Cryostat

T

1derway _

* Departed Spain in May
Arrive in Houston in June

e Warm structure 2,500 ton (3™ barrier, fastens andm_
fittings)

LA s

—Black Hills s e

Pioheer b S -

Friday, January 19, 2024  Vol. 148 No. 161 Since 1876 $1.50

First components for DUNE experiment in Lead

Algeria

2 = A g = 'l o 24
The first of what will eventually be 2,000 pieces of the cryostats for the deep underground neutrino experiment arrived in Lead last week. This spring members of the LBNF/
DUNE team will work with Sanford Lab employees to begin tests to ensure the massive pieces can be safely and efficiently lowered down the Rass Shaft.

Photo by Stephen Kenny

By Wenpy Prtuick first piece is more than 8 tons and 40 feet by 3 feet by wanted to work out before it is time to actually assem-
Black Hills Pioneer 1.5 feet. The second piece is nearly 6 tons and 18 feet by  ble the cryostats underground. Besides the massive
LEAD — The first components for the deep under- 11 feet. Both pieces form just a corner of the massive size of the first piece, the smaller piece, referred to as
ground neutrino experiment have arrived in Lead, and  ¢r¥ostat for the deep underground neutrino experi- the “L beam,” has its own set of complications, Macier
starting this spring the LBNF/DUNE project teamand ~ ent. When they're lowered down the Ross Shaft, they  said. ; ; u
will have a clearance of about 3 inches on each side. It has a center of gravity that is a challenge,” she

officials with the Sanford Lab will begin tests to ensure
eryostats for the experiment can be safely lowerd down
the Ross Shaft.

That’s because the components are massive. The

Jolie Macier, DUNE far detector and cryogenics proj-  said. “That’s why we wanted some extra time to be able
ect manager from Fermilab, said the size of the pieces
present challenges that members of the collaboration DUNE COMPONENTS Pg 6
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DEEP UNDERGROUND

DUNE Day 1 : When FD1 is filled and turned on, Science begins. NEUTHING BrERE

2026:
. First physics

2018: 2019: ED 2020: Ins%aC)IIZaZEc.ion data: Atm, 2028:
ProtoDUNEs : » Excavation SN, & solar ND & PIP 11

at CERN B starts STl Proton available

module
decay.

Calibration

DUNE Phase I] [DUNE Phase II]

2 Far Detectors : Horizontal Drift (HD)]

+ Vertical Drift (VD) LAr — FD3 + FD4 ]

rNear Detectors : ]

“IND LAr + TMS + SAND + PRISM —{ ND-Gar replaces TMS.

— 1.2 MW beam power ] — 2.4 MW beam power S
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LBNF: intense beam, underground facilities and infrastructure

* Construction of the beamline enclosure
and the ND enclosure begins in 2025.

: _ L [ = outh’t
* Conventional facilities design is A Dakot

completed.

{
o
.

 Initial site work is completed.

* Full construction begins in 2025.
. Existing Proton Beam
* 1.2 MW neutrino beam from PIP-1l proton | | "NL '\ - LBNF Neutrino Beam

beam, upgradeable to 2.4 MW _. 2\ [R& PIP-Ii Protan Beam

Target
Complex

o Primary
/Beamline
a0
Neutrino  #ex= : — ot
ol e T =SS
‘-—__— I T |[” ilm —— l . / J”l II.'.EII - “","— - — .
pee e L LI TTT] I”””l " “ II || || "I ” II 1 ._ I
Decay ” ” " || ” ” || || ” k 4—
‘é‘;?.‘,’;f:,{ Rsglon E"ﬁf.':ﬂ“" ” | I | ” ” ” ” I " Proton beam
TR il | f M i
I Beamline Complex: Upstream end view of Primary Beamline, Target Hall, Decay Pipe, and Absorber ‘ - — |r:?erzt0ram
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Near Detector L] < Fermilab Sz BE=

BERKELEY LAB I] I*I s
INFN pr

* Innovative design enables the first-
ever operation of a liquid argon nedr
detector in the world’s most intense
neutrino beam.

* Near detector critical to precision *——
neutrino science.

* Near detector prototype installed in
neutrino beam at Fermilab. Taking
data this spring.

1
of {
A4
.um|‘ ff"’/ "'i|
| A
m| ‘gr'*
| )

3 ° ‘. &

o | ‘g I

Phase II ND

Cosmic data in ND-LAr prototype in Switzerland
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PRISM plays a critical role in DUNE’s precision

FD Oscillated Flux

%x10~15
- Uy > Uy
10 : %4'
o 1 O
s ’ g,
L 7 a9
n [IEY | —) 2 DUNE-PRISM
L_r | |
" B !
1 JH LL J’[ ; 21 |
- Lr o:_ |
Bl
0 10 20 30 e I
Doya [m] ' ‘I ‘
0 +— — . —— —
2 4 6 8 10

E; {G(‘.V}

« FD flux # ND flux = uncertainties in energy de

10-8 ND Flux
e —— 0.0m
% 3 [ / 50 m
kil / 3.7 10.0 m
& I/ { 15.0 m
5 2 20.0 m X
[ : s 0
o 25.0 m
[}
(=9
1 =
e
L=l
O 4
0 1 2 3 4 5
E, [GeV]
T
48 KT-MW-Years Exposure, A m2, = 2.52 x 10° eV?, sin’(8,,) = 0.5
=
& C DUNE-PRISM v, Disappearance
~ 1000 — FD v, Data
Elg_ = 71 ND Data Linear Gomb.
o C [ ND Linear Comb. Error
T 800 — (v, +v) CC
= - A (v, + ;) CC
g - C
1] L
< 600— » = V) CC
&:‘ = D v, CC Corr.
400 —
200

pendence of flux, cross sections

« ND flux changes with angle - take ND data in
different fluxes—>build linear combination to m
atch FD oscillated spectra

« For LBL: robust analysis approach with very mi
nimal dependence on interaction modeling

10
Reco E,, (GeV)

2024-07-25
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. Also extends dark matter sensitivity
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New Staging assumption based on P5 recommendation

Phase-1 physics milestones
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The Single-Phase LAr-TPC

TPC working principle LAr as radiation detection medium

:
i

V wire plane waveforms

<
>

Liquid Argon TPC

R PR SN
LS
T e -
. ~
"tk 1

 lonization electrons [~5 fC/cm] drift to the anode in =
pure LAr & uniform E-field (~500 V/cm)

- Few mm pitch and ~MHz sampling frequency -

- 3D via multiple 2D view (wire# vs drift time)

- high imaging capabilities — kinematic -
reconstruction with mm-scale spatial resolution

Dense: 40% more than water

Abundant primary ionization: 42 000 e /MeV
High electron lifetime if purified = long drifts
High light yield: 40k y/MeV

Easily available: ~1% of the atmosphere
Cheap: $2/L ($3000/L for Xe, $500/L for Ne)

« Technological challenges

LAr continuous purification << 0.1 ppt O, eq.
(>> 3 ms electron lifetime) for long drift

Imaging & anode planes

Very low noise front end amplifiers to detect
~ fC primary charge deposition

Large area photon detectors sensitive to
128 nm wave length

HV system to provide uniform/stable E-field
in large drift volume

- Intrinsically excellent Calorimetry and Particle » Pioneered by ICARUS and adopted in
dentification (dE/dx) capability present and next generation neutrino
« Prompt scintillation light (@128 nm) ezperiment (uBoone, SBND, DUNE)

- T=0, trigger, calorimetry B

DUNE: scaling to multi-kt size

6 Dec. 10, 2021 The Vertical Drift LAr-TPC

CRVE



LArTPC technology provides exquisite resolution

* Clean separation of v, and v, charged currents
* Precise energy reconstruction over broad E, range
* High Resolution & Low thresholds:

- sensitivity to few-MeV neutrinos, hadrons

- excellent for LE neutrino and BSM Search

DUNE:ProtoDUNE-SP Run 5779 Event 12360

e
U1

cosmic/
muon‘f’

sfopping
/ proton

50/cm ProtoDUNE DATA

0 100 200 300 400
Wire Number
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DUNE site activities

* 2016.05 CAU joined DUNE Collaboration

2017 ~ 2018 ProtoDUNE L-Ar TPC Single Phase
Cold Electronics Module test

2018 ~ 2021 3DST Working Group,
3DST (3-dim Scintillator Tracker) for SAND/ND
- Joint consortium with T2K SuperFGD Group
- Prototype LANL Neutron beam test 2019 & 2020

2022 ?7?7?

2023.01~ ProtoDUNE HD Data Analysis
ProtoDUNE VD Cold Electronics
Cold Electronics QC and update
Wire-Cell Reconstruction

YYYY.MM G sty Ay U4
i o
BNL Electronic Detector Groupi} 2017.07-08 AAe | e )
DAEQDE 93} HR Ol I} 7|2
SEATS AR CI X WMANS 0w e U2, A, Aoy 4
2019.01-02 B, AL 9 687 HI2
Al 197
2021.01-02 e 719 2%
2021.07-08 e, 8719 2x FHE 7|7t
2023.02 FAPN L] 1 AR B =)t
0.2 Y25t
2023.02-03 U9 H71Y ahgAl 3 s
e dad,
2024.01-02 Emar Masaku BrRA, 173 9] 5
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cau-anL S40| X S S PP K DUNE Collaboration
qHo7 & (=3 b3
I I | I.
EC FHO AP dmoolzgasyy SUBCY N4 B0 P
et WYX AATE :
R Ha M
A Kp: ZA O Beyond 5".*"";‘__:::”" Faremilst Long-Saseline Newtrin Facility
puNE 2E7100M oM BE A ThRT| oo B
MEE B2 B A0 =Y
Cryogenic Electronic System: I
EWHPPRS) 5 —
Ermar Masaku (5 AFaHE) m.ﬂﬂﬁﬂll‘_ﬁﬁﬂ
&7 S ) 2 gx: 22
i GEANTA, Computing/Duta WG
Wire-Cell Reconstruction:
Mehedi Masod] 8 15=) : —
B2 (W ALE SIS ) e :‘sﬁnm
Al : (ERE
i ﬁmrﬁ i) KRECHET-Esneth & 8% &

FO3 and FDa RED:

P A E A B
BE Y (M AE)

2024-07-25

BNL EO{H R X}

I

Electronic Detector Group
Leader: Steve Ketteil
Deputy: Milind Diwan

Xin Chian

Mary Bishal

James Stewart

DUNE Co-Spokesperson:

Far Detector Installation:

Cold Electronics Team:
Hucheng Chen

— Shanshan Gaoo

Wengiang Gu

Viadmir Tishchenko

1
Nutclear and Particle

hysics Software Group:

Mikael Kirby

scientific Data and
Computing Center:
Dowg Benjomin

Chemistry Departrment

Meutrino and Muclear
Chemistry Group

Leader: Minfang Yeh

Instrumantation Divizion

Matt Worcester
Guang Yang

Wire-Cell Team:
Xin Qian
Jay Hyun Jo
Chag Zhang

Fermilab
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Lawrenoe Berkiley NL
Leader: Cheng-ju Lin

Cryogenic
Electronics
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 DUNE Computing is “internationalizing”
« This means DUNE will organize computing ~similar way to LHC experiments
« Expect international contributions according to some sensible split
« Expect a significant fraction of computing from outside of the USA (50% ?)

KREONET 2023
 Main DUNE Computing sites are currently:
« USA
* FNAL
« BNL
» Universities
* Europe

« UK-all GridPP

» Czech Republic: FZU
« NL: Sara

* FR:IN2P3 Lyon
 CH: CERN

« ES:PIC

* IT: INFN

d Thus from network point of view
» Strong overlap with WLCG sites

 We are well served by ESNET, Geant,
and European NRENs

2024-07-25 K-Neutrino, CNU | Kim Siyeon 28



1 DUNE Computing is “internationalizing”

« This means DUNE will organize computing ~similar way to LHC experiments
« Expect international contributions according to some sensible split
« Expect a significant fraction of computing from outside of the USA (50% ?)

d Main DUNE Computing sites are currently:

« USA

* FNAL

© BNL * ASIA

* Universities « KR: CAU Data Center
 Europe

« UK-all GridPP

» Czech Republic: FZU
« NL: Sara

* FR:IN2P3 Lyon
 CH: CERN

« ES:PIC

* IT: INFN

d Thus from network point of view
» Strong overlap with WLCG sites

 We are well served by ESNET, Geant,
and European NRENs
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CAU-BNL Collaboration for DUNE (since 2017)

sorisn

Brookhaven National Lab

Integration of Cold Electronic Readout and TPC

Technical Coordinator© 2 A FD A& &2
James Stewart(L), Hucheng Chen, Shanshan

N = ~
Fbz 2l (Hed vd. 924 Gao, Cheng-Ju Lin (LBNL)
| ProtoDUNE 23t 55, HIOTH 242 S SW o1 41 sjurat DUNE Collaborationo] 4 2] 52
Wire-Cell A |m71%] 55 (Xin-Qian(L), Jay Hyun Jo)
(Mehedi Masud(L), @357, ¥h9xl 714%) ’
DUNE Phase 19]|A] Liquid Argon TPC g% DUNE Phase 19]|A] Liquid Argon TPC @&
Wire-Cell B |Reconstruction Tool Package B g1 EA0of &8 |Reconstruction Tool Package B3 EA0of &8
(Mehedi Masud(L), 8+6-%1, 214 =) (Xin-Qian(L), Jay Hyun Jo)
LArASIC, ColdADC, COLDATA %! 2]}t Quality
Cold LArASIC, FEMB H|AEQ} 4 18 o]l& Control.
Electronics |(Z43, Y57, 9FC X)) (V. Tishchenko(L), Shanshan Gao, Wenchiang

Gu)

Data Center

=2]A 3173 &td | DUNE Data Storage®?t HPC Q.

EAISF ATS] of 210l i A1 S (KREONET.

DUNE Data Storage®} HPC 8 &2 2], (Mike
Kirby(L), Doug Benjamin)

Water—based L1qu1d Scintillator 1T Prototype

WbLS?] DUNE FD4 F7%I

FD4 R&D |data analysis, 30T Geometric Design and .
Construction (F<-2(L), HFEA) (Minfang Yeh(L), Milind Diwan, Guang Yang)
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Cryogenic Readout Electronic System

Liquid Argon TPC

Cathode
Plane

Ty FEMB
—s Readout
X wire plane waveforms t electronics \‘ )
33 ” 3 » z
Warm” vs. "Cold” Electronics
WARM coLD ﬁ
Front-end ‘ i
S,"é’f With electronics integral with |
50-100pF/m i detector electrodes the noise
= el is independent of the fiducial

LArTPC & APA APA Pair
Readout a/

electronics

V wire plane waveforms

i

Photon-
detector bars

[0 I

i

volume (signal cable
lengths), and much lower
than with warm electronics.

Wire:
10-20m
20pF/m

Multiplexing = less cables (less
outgassing) and less cryostat

penetrations.

Cable lengths limited by high
capacitance—noise

2024-07-25

Cryostat design and readout
design are decoupled.

No limit to cable
(or fiber ) lengths

after multiplexing Veljko Radeka (BNL) 2009

K-Neutrino, CNU | Kim Siyeon

Lower APA
CE Flange
Bias In —
DCl
5 Warm
Optical Interface
Links | |Boards
Faraday Cage

—

Upper APA
CE Flange

Bias In

Warm LEH

Interface
Boards

| optical
Links

Faraday Cage

Upper

APA
e

1
U wire X wird W wire
H I | ]
I PDs x10 RHE
i yil
1 ! iR
[ NEL il
T iil
i 1 I
i il
\ |
il | Bl
1 1
% Vwire U wire ]
v [N PDsx10 |
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Cryogenic Readout Electronic System

LATPC & APA APA Pair FEMB(Front-End Mother Board) with 3-ASICs
/’ = 3

Readout a i JJ

electronics

V wire plane waveforms

et
/
= Photon-

detector bars \:

ng 1

[

FEMB

Readout

electronics \

Eememt lQuamity

Anode Plane Assembly(APA) 150 per TPC
Front-end mother board(FEMB) 20 per APA

FE ASIC(LArASIC) chip 8 per FEMB
ADC ASIC(ColdADC) chip 8 per FEMB
COLDATA ASIC chip 2 per FEMB
Warm interface board(WIB) 5 per APA
Sense wires 2560 per APA
Cold cable and etc. 1 per APA

Table 1 : TPC electronics components and quantities
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Wire-Cell Packeage and ProtoDUNE Analysis

Wire-Cell Imaging

LArTPC Signal Formation ‘

|| slicing | ﬁ.*fngJ

nnnnnnn

L
. solving |

Fig.1:Basic principle of tomography:
superposition free tomographic
cross sections 51 and 52 compared
with the projected image P

“Three-dimensional Imaging for Large LArTPCs”,
JINST 13, P05032 (2018)
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Wire-Cell Packeage and ProtoDUNE Analysis

TPC simulation

noise filtering

signal processing

After Moise Filtering 1-D Deconvolution_2-D Decgnvolution

{al {b) | e} MigroBooNE|

750 |

/|

600 ran
v /

% 26 4t 66 B0 O 20 40 B0 BO O 20 40 60 BO
Wire [3 mm spacing]

JINST 12 P08003 (2017)
JINST 13 P07006 (2018)
JINST 13 P07007 (2018)
JINST 16 P01036 (2020)

2024-07-25

3D imaging
clustering

charge-light matching

4
IR |

JINST 13 P05032 (2018)
JINST 16 P06043 (2021)

3D trajectory &
dQ/dx fitting

cosmic muon tagger

dQ/dx [e/cm]

MicroBoaNE
. -.é_
_,'-
o
, ?_r,.e"
= S \
w0’ MicroRooNE Simulation
40 =
200 —— Reconstructed
00 + Truth
m 3 -
e o ..
H0F
m -
0 L i i i i
5 0 15 20 25 30

[=]

Residual range [cm]

Phys. Rev. Applied 15,

multi-track fitting

DL-3D vertexing

particle identification

<
v \ . P “_ = ®
) L
e y
p.
v
1/3 MIP -
~2 MIP -
4 MIP -

064071 (2021)
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JINST 17 P01037 (2022)
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Nothing has changed from the TDR resolutions and sensitivities.

Plots vs. exposure

0-06 T T I T T T i " T 1 I‘ | T T T T T T T T T |2 T T T -I T J
= DUNE Simulation —— Am? resolution -
m 4
o 0.05f- All Systematics =]
— [l Normal Ordering ]
X 1 ]
~ 0.04H ]
> i ]
L. 5 7
§ 003f -
3 L 1
? 002 o
D i 1
x E 1
~ B ]
£ 001f B
< 4 4

0 m [ 1 1 1 I 1 1 1 [ L L 1 | L 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 J

70 200 400 600 800 1000 1200 1400

Exposure (kt-MW-years)

Plots vs. true value of delta

13.5

@ 12.0
10.5
9.0
7.5
6.0
45

CP Violation Sensitivity

-1
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B B o o o e e

- DUNE Simulation —— 336ktMW-years

- i e 624 kt-MW-years

[ All Systematlc;s 10 variations of statistics,
Normal Ordering systematics, and

oscillation parameters

L b b e L baa Loy o 1

W L LA S R RN AR B

(T T I I 50 D T T T A ) O O

\ll L
.00 -0.75 050 -0.25 000 025 050 075 1.00
Ocp/m

CP Violation Sensitivity (0)

Ocp resolution (degrees)

A B e e B A o
12 DUNE Simulation — b =-n2 -
- All Systematics = 0%l hervalues:.
10}~ Normal Ordering —— 75% of Ocp values ]|
8 .
6F .
a4t =
2t :
0 11 1 | 1| 1 | - L ‘ 1 1 1 l 1 1| I 1 Ll I L 1 1 | 1 ]
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Physics potential:

Precision measurements,non-unitarity tests

0.18 . : 10¢ 0.03
L IR DUNE A"I32 Resolution o DUNE Sensitivity Median of Throws - DUNE Sensitivity e @, UNCONStrained
0.16 il 'I“ All Systematics 9 E— :" Svslteon::ti?s 1o: Variations of : All Systematics ®
’ : \\ NormaI Orderin - .urma erng statistics, systematic - Normal Ordering
\ 9 8F- sin?26,, = 0.088 + 0.003 t ; t " : temat t 0.025[ sin%20,, = 0.088 unconstrained
,{,“-0.1 4 \‘ - 624 kt-MW-years NSRS RaAmeI, sinzeza = 0.580 unconstrained
E ‘\‘ Phase | 7= g
K012+ \ : = 0.023
= [ \ Start at 1.2 MW 6F = E
o L \ b O o o E
c 0.1 ‘\\ = = 4 year ramp to 1.2 MW ‘ 2& C 2 E
=4 \ n . E T o 0.015~
3 0.08} - 2 :
e S W e 001
N"gO.OG [ 3 5 7
E . C "
<0.04 2= - e,
- : 0.005F "
0.02 : il b Psissisrpi el
E G:I I L1 I L1 1 I 11 1 I L1l I L1 I 11 1 I L1 1 I Ll L I 1 c-| Daya Bay unC 13 I L3 I
G 1 | ' 1 sa e s v sl sy é L1 1 1 0.42 0.44 0.46 0.48 0.5 0.52 0.54 0-56 0-258 0 200 400 600 800 1000 1200 1400
0 1 2 3 4 5 Years7 sin“e,, Exposure (kt-MW-years)
[

Excellent on Am232 and 023, including octant, and unique PRISM measurement
technigue that is less sensitive to systematic effects

Ultimate reach does not depend on external 8,5 measurements,
and comparison with reactor data directly tests PMNS unitarity



Getting there: phased construction

DUNE Phase I:
Neutrino beam with 1.2 MW intensity

Two 17kt LAr TPC FD modules, but underground fac

ilities and cryogenic infrastructure to support four mo
dules

Near detector: ND-LAr + TMS (movable), SAND
FD 1&2 taking physics data in 2029, beamline and ND by 2031
DUNE Phase II:

Fermilab proton beam upgrade to 2.4 MW
Two additional 17kt FD modules

Near detector: ND-LAr + MCND (movable),
SAND

K-Neutrino, CNU | Kim Siyeon 39
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NEUTRINO EXPERIMENT

Neutrino-nucleus interaction: nu-Ar, nu-C,H o :f“:.:?m
COH, QE, RES, DIS b e
Neutrons in final states: Missing energy in neutrino detection

Neutron identification: - Event-by-event Energy Reconstruction Z::;

3-dim Scintillator Tracker:
- DUNE neutrino beam and CH target

- CCQE-like (ccOpi) event analysis

- Low-nu fitting for flux constraint aEh

0.15F

LANL neutron beam test (3DST & SuperFGD/T2K):
- Study of secondary neutrons

0.40

EJE,

] S e T e T T e S e e S e
2 4 6 8 10 1z 14

E, [GeV]
PHYSICAL REVIEW D 107, 032012 (2023)

age energy fraction delivered to the primary
ve to the neutrino energy(top) and the an-
‘gv(bottom). The average ratios E,/E, are
according to the CC Quasi-elastic (QES), CC
), CC coherent (COH) and CC deep-inelastic

Neutron detection and application with a novel 3D-projection scintillator ') interaction modes.
tracker in the future long-baseline neutrino oscillation experiments

S. Gwon,' P. Granger.” G. Yang®**" S. Bolognesi,” T. Cai,” M. Danilov.” A. Delbart,” A. De Roeck.’ S. Dolan,’ G. Eurin,’
R. F. Razakamiandra.” S. Fedmov." G. Fiorentini Aguirre,'" R. Flight” R. Gran,'' C. Ha,' C.K. Jung,”* K. Y. Jung,'
S. Kettell,” M. Khal:nbu]lm A Khmj.;msev,” M. Kurdmky,” Y. Kudenkn,g'ls‘m T Kuuen” J. Maneira,'® S. Manly;‘
D. A. Martinez Caicedc- C Mau, ger K. McFarland,” C. McGrew,'” A. Mcfodev * 0. Mineev,” D. Napleﬂ ‘"A Olivier,”
V. Paolone.” S. Prasad,'” C. Riccio,” J. Rodriguez Rundon i : ! S}:alabernd A. Sitraka," K Slyeun N. Sk_robuva
H. Su.™ S. Suvorov.” A. Teklu,"* M. Tzanov," E. Valencia,'” K. Wood."> E. Worcester,”* and N. Yershov’

lﬁCﬁmng—Ang University, 06974 Seoul, South Korea
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b =3
c# _$_| 3_9_ Al I_-Il Eltl 7| O:I DEEP UNDERGROUND

NEUTRINO EXPERIMENT

« MMSESLH):
Prospects for beyond the Standard Model physics searches at the Deep Underground Neutrino
Experiment, Eur.Phys.J.C 81 (2021) 4, 322,
Boosted dark matter search &2 7|0

° :rll_'l |__I_(KOH:H)
Deep Underground Neutrino Experiment (DUNE) Near Detector Conceptual Design
Report, Instruments 5 (2021) 4, 31,
Neutron detection from antineutrino events in the 3DST, M0t =2 Zl 4 7|0

- Z71Q(ESH):
Muon antineutrino CC 1 neutral pion interaction selection using the invariant mass, DUNE-doc-23681-v1,
Technical note 2’4

- HeEe):
Neutron detection and application with a novel 3D projection scintillator tracker in the future long-
baseline neutrino oscillation experiments e-Print: 2211.17037 [hep-ex] -> Published in PRD.

42
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Far Detector Dataflow and Trigger Records

* beam coincidence events are extremely
important, but of limited total volume

— ~1 Hz beam rate
— active online trigger in development

— Region-of-Interest within module

. . . . 18m
— online compression and zero-suppression being

considered

 solar neutrino triggered events 66m
» cosmic ray events and calibrations

» supernova readout events

Far Detector Cryostat

— ~140 TB in 100 seconds - one FD module BT
— work w/ trigger primitives for immediate optical follow up . __....---"""'*

' iai S X X il B i
— transfer out 4 hours and process in 4 hours for precision ~  ~ T T == -

——
i e g i

optical observations

« DUNE requirement - less than 30 PB/year tot
al to permanent storage from all active FDs e  /p . e /p -

Recently published DUNE Computing CDR - https://arxiv.org/abs/2210.15665
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Summer 2022 Data Challenge 4 - ProtoDUNE

Goals of the Data Challenge 4 - test all t
he services and procedures that will be

used in the forthcoming beam runs of P
D-HD and PD-VD

Phase 1 - Data Pipeline
— Goal - test data path EHN1->CERN->FNAL

— transfer, declare, and replicate “raw data” at
needed scale

— 3.6 GBytes/s achieved across atlantic

Phase 2 - Data Processing

— Goal - sustain 5000 concurrent jobs for keep up
processing

— significant drop in CPU efficiency for jobs where
large input data files not located “near” job

— The Workflow System (now “justIN”)
— The Data Dispatcher

2024-07-25

Top Level Map

V- [g

-
. 3

Neutrino
PLATFORM

Data from EHN1 to Declare files Copy to tape @FNAL
EOSPUBLIC and CERN Dist
2"d copy of Return outputs to

Fermilab
(some via local
writes first)

results to RAL

and CCIN2P3 Compute

sites

® US
@ UK
@ CERN
® NL
@®ES
®Cz
® FR
@ RU
@ BR
@® CA
®IN

Sy

%‘
‘ﬁ\\\\‘

P

¢ Brookhaven

National Laboratary

Storage

ribute 3

sites with SE’s

@ US_NERSC

@ US_FermiGrid
@ US_BNL

@® US_Colorado
@ US_Wisconsin
@ Us_ WsU

@® US_UCSD

@® US_NotreDame
@ US_PuertoRico
@ US_MWT2

@ US_SU-ITS

@ UK_RAL-Tier1
@ UK_RAL-PPD
@ UK Bristol

@ UK_Oxford

® UK_QMUL

@ UK_Brunel

Elements

" Europe

other SE’s
) |

Reconstruct files
streaming at sites
without SE’s, local for

Storage
Elements

@ UK_Lancaster
@ UK_Sheffield
@ UK_Liverpool
@ UK_Imperial
@ UK_Edinburgh
@ UK_Manchester
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@ ES_PIC
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@ IN_TIFR



Cumulative Disk

160 1 " model Raw
Data Placement Strategy 01 — el e
120 | == model sim
© —— model Total
« accomplished with Rucio and FTS3 - Scale g 1001 57 sl
tests of new DUNE data pipeline - S. Timm £ e /
* 2 copies of raw data on tape S j: i i
— one copy on each side of an ocean 204
— 6 months on disk 0 : : . .
2020 2025 2030 2035 2040
* 1 replica of reco/sim on tape Cumulative Tape
— distribute across global Rucio SEs 1200 | | mocel Raw
— annual reco pass over all data 1000 | T mocel e
— annual sim campaign to match E o o mode Tual
— production resident on disk for 2 years »g Dd :z:z:: ;‘:s”t"
« Assume 2 disk copies of reco and sim é [T
— impose shorter lifetimes on tests & sim stages g ]
— RA&D exploring data tiers and formats 2007
« DUNE HDF5 Experience - B. Chowdhury e == \e”i” o 74 =
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DUNE is an excellent BSM physics experiment

. For exotics of cosmic origin:

B Beyond the Standard Model Physics Program . Large target mass

81
8.2

8.3

8.4

8.5

8.6

8.7

8.8

8.9

Executive Summary . . . . .

Common Tools: Simulation, Systematics, Detector Components . . . . . . . .

821 MNeutrino Beam Simulation . . . . . . .. ... ... ... )

822 Detector Properties . . . . _ . . ... Lo L Deep underground IOW baCkground
Sterile Meutrino Searches . . . . . .. . ... L.

8§.3.1 Probing Sterile Neutrine Mixing with DUNE . . . . . . .. .. .. ..
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