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DUNE Collaboration

Collaboration Resource Board
Gary Baker (U. of Warwick)

Institutional Board
Alfons Weber (Rutherford Lab.)

DUNE Administration
Maxine Hronek(Fermilab)

Fermilab Neutrino Div. Head
Steve Brice (Fermilab)

Computing Coordinator
Mike Kirby (BNL)

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

Activities of K-DUNE Groups

Fermilab

Moses Chung (UNIST)

Accelerator and Neutrino
interphase

Kim Siyeon (CAU)

Neutrino interaction, Sim/Rec,
Oscillation Analysis

Mehedi Masud (CAU)

BSM Search

Seodong Shin (JBNU),
Kihyeon Cho (KISTI)

BSM, DM Search
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Physics issues of DUNE i
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Incoming beam: —
100% muon neutrinos

Probability of detecting electron, muon and tau neutrinos
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Physics goals of Neutrino experiments
* Low energy(~100MeV)

7510’1
* CEVNS, SNB, Solar £ 1o
neutrinos. Reactor 2 107
neutrinos éww
e BSM: sterile neutrinos, §w'=
light DM, NSI, precision 10
tests of SM 107
* Astrophysics: 10%
Supernova bursts and 10% ,
Big Bang
solar models 10%
e Tests of neutrino 0B 0

10*  10? 1 102 10 10 10°  10° 10” 10" 10" 10"

mixing models Neutrino Energy (eV)

* Intermediate energy (.1 ~20 GeV)

* Accelerator neutrinos, Atmospheric neutrinos

e BSM: ..... + Proton decays

* 3-nu oscillation: mass hierarchy, CPV, tests of 3-nu
paradigm.

2023-11-23 KSHEP 2023 Fall, Naju | Kim Siyeon 5



CA® s

Physics Issues of DUNE
 High-Energy Neutrinos
* High-Energy Neutrinos GeV-scale non-accelerator

physics: atmospheric
neutrinos, nucleon decays
and other signals where
atm neutrinos are a

Neutrino interactions background.
Beyond Standard Model
ProtoDUNE analysis

Low-Energy Neutrinos

Long-baseline oscillation

 Low-Energy Neutrinos

1-10 MeV-scale physics: SN,
* And more... Solar nu, Natural
radioactivity background
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Long-baseline oscillation ——
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* 1285-km baseline

* Neutrino energy range Sub GeV ~ 10 GeV i
 Neutrino mode(FHC) and antineutrino mode(RHC) | i
» Appearance of v,(V,) and disappearance of d o

v, (V) at FD L=

N
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* Multi-scale problem

-38
on %(10 cn_1‘2 / G_EV)
O O a N B

v cross section /
e o
'S

* We have neutrino energy range .5 ~5 GeV and energy

transfers from nearly zero to about 1 GeV

* Nuclear response

e Elastic

 Metastable excitations

e Quasi-elastic
* |nelastic

* The separation of processes failed.

o N

F'E 5001 Wor
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w 400
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S 300F
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Neutrino energy (GeV)
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Interaction Channel Event Rate
ND-LAr ‘ ND-GAr
CC |y, | | 8.2 107 | 1.64 x 10°
O 2.9x 107 | 5.8 x 10°
1r* 2.0x 107 | 4.1 x 10°
17° 8.1x10% | 1.6 x 10°
| or | 1.1x 107 | 2.1 x 10°
‘ 3 | 4.6 %10 | 9.3 x 10*
other | 9.2 105 | 1.8 x 10°
v, 3.6 x10° | 7.1 x 10%
Ve 1.45 x 10% | 2.8 x 104
NC 5.3x10° | 5.5 x 10°
v+e 8.3 x10% | 1.7 x 10?

Events per year (1.1x1021 POT)
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NuWro / GENIE

NuWro / GENIE

Neutrino Interaction Physics &
the DUNE Near Detector

Mateus F. Carneiro on behalf of the DUNE Cc
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c”P hysics Targets of DUNE e

Deep Underground Neutrino Experiment

Fermilab

Underground =
> Research . | .. pe— _
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* Long-baseline oscillation
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m&@ Neutrino-antineutrino asymmetry: P(VusVe) vs. P( Vu>Ve)

P(v, = v,) — P(v, = 1)
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First physics
data: Atm,
SN, & solar

2026: ND &
Neutrino
beam
available

7).
2018: 2020: Al

ProtoDUNEs ZOTlngFD Excavation Installation

at CERN starts of first
module

neutrinos.
Proton
decay.

Calibration

DUNE Phase|] [DUNE Phasell]
) . ( )
2 Far Detectors : Horizontal Drift ] ] Staged year
— : . — FD3 + FD4
‘(HD) + Vertical Drift (VD) LAr \ 1 (2026) with 20 kt-1.2MW
( . ( | 2 (2027) with 30 kt-1.2 MW
W [l it ¢ — ND-Gar replaces TMS. .
ND LAr + TMS + SAND + PRISM 4 (2029) with 40 kt-1.2 MW
f ) 7 (2032) with 40 kt-2.4 MW
— 1.2 MW beam power ] — 2.4 MW beam power (& J

DUNE Day 1 : When FD1 is filled and turned on, Science begins.
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Getting there: phased construction

- As was always envisioned, DUNE construction is
phased

- 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
« Construction schedule is funding limited — cha

nges to the funding profile have a significant im
pact on the schedule

» Current CD1-RR schedule has FD 1&2 taking p
hysics data in 2029, beamline and ND by 2031

- The US DOE scope of Phase | was reviewed last
week in CD1-RR

2023-11-23



« DUNE Phase II:

Getting there: Phase |l upgrades

Phase IIND <% ||

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

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

- Beam upgrade benefits all Fermilab experime
nts: dedicated session Wednesday on Booster r
eplacement options (AF2-AF5-NF)

- ND upgrade is driven by improved perform
ance at reducing systematics — talk on ND-
GAr in Wednesday session (NF)

- Opportunities to expand physics scope with 3rd
& 4t FD modules: dedicated session Wednesda

y (NF)

2023-11-23



DUNE discovery potential for CP Violation
and beyond

- [ phasen - B Phase n E. Phase Il
6

Phase II: no FD upgrade E Phase II: no beam upgrade Phase II: no ND upgrade
SE / i / /

o

Phase one
Fermilab proton power near detector
1.2 MW then 2.4 MW and Phase
two near
detector

Start data taking
with 2 detector
modules then 4
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LBNF: intense beam, underground facilities
and infrastructure

. 1.2 MW neutrino beam from PIP-II proton
beam, upgradeable to 2.4 MW

Boosted BSM searches
— high intensity beam and capable ND

Primary

/ Beamline

Absorber z Existing Main
P Injector

2 { (;___

1
A\ {

P
{
|

South U &
Dakr‘Ta

Existing Proton Beam
LBNF Neutrino Beam
PIP-li Proton Beam
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LBNF: intense beam, underground facilities
and infrastructure

Deep underground far site to accommodate four 17-kiloton detector modul

DUNE FD has excellent low-energy neutrino and BSM sensitivity:

Large mass | Deep underground | High resolution | Low thresholds
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LBNF: intense beam, underground facilities
and infrastructure

. Construction is underway at both SURF and Fermilab

North cavern breakthrough January 2022 PIP-II construction May 2022

2023-11-23 KSHEP 2023 Fall, Naju | Kim Siyeon 18



This was a test of the entire logistics chain —

from the UK, to Switzerland, to lllinois, and finally to South Dakota. ( December 6, 2022 )
In total, 150 APAs will be built for DUNE: 136 from the UK and 14 from the US.

<
H
P

2023-11-23 KSHEP 2023 Fall, Naju | Kim Siyeon

19




LArTPC technology provides exquisite resolution

. Clean separation of v and v.charged currents

Precise energy reconstruction over broad E,range

., Low thresholds: sensitivity to few-MeV neutrinos, hadrons

- DUNE FD1-HD DUNE FD1-HD |
- .simulated 3.0 GeV \A simulated 2.5 GeV v_ -




LArTPC technology provides exquisite resolution

« ProtoDUNE is full scale in the drift direction

. Successful operation at CERN: low noise, stable HV, high purity
—> demonstrates LArTPC technology and DUNE design

DUNE:ProtoDUNE-SP Run 5779 Event 12360 100735

cosmic/
muon /
/

sfopping
proton

ProtoDUNE DAT

0 100 200 300 400
Wire Number

| o N U N
N o v o wu
u

Charge/tick/channel (k
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Near Detector:
constraints to enable precision measurements

* LArTPC detector: same nuclear target and detector technology
near & far

* Movement system to facilitate measurements in different
neutrino fluxes

* On-axis magentized low-density tracker and
spectrometer
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@ [em~2 per POT per GeV]

Pred. Event Rate per 1 GeV

PRISM plays a critical role in DUNE's precision

<108 ND Flux %1015 FD Oscillated Flux
- —— 0.0m " Vy = Wy
” X 50 m b 5 41
/\ —~ N — 100m L ©
N wom | X L —> DUNE-PRISM
25.0m % 8 ]
0 10 20 30 =) (]
' Doy [m] :El | B B
0 ! ZEN [GeV] 2 = ? 0 0 2 iE'/ [G(‘\«']é 8 10
48 KT-MW-Years Exposure, A m3, = 2.52 x 107 eV, sin(8,,) = 0.5 * FD ﬂux # ND ﬂux 9 uncertalntles |n energy de
i pendence of flux, cross sections
1000 — —_— v, Data
» Z @ ND Data Linear Comb.
wF FRSSE o Lineer o « ND flux changes with angle - take ND data in
- NG e different fluxes—>build linear combination to
600 w2V .
i | Fb, OG Car. match FD oscillated spectra
400|—
- « For LBL: robust analysis approach with very mi
200—

nimal dependence on interaction modeling

I| I‘ 11
8 9 10

Reco E, (GeV)

Also extends dark matter sensitivity
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MeV-scale physics: unique opportunities with v s

DUNE Preliminary

- Infall ! Neutronization : Accretion Cooling N L Ll
g : : ' o Bev, cc
Exm \’i o Bhep v, CC
g § 10° [l Neutron Capture
: i \ ' 10° 222p
: c
: o 42
:10 kpc supernova burst 2 Wea
: ' S solar neutrinos
< 10°
& 1 L1 L o2 -h
2 Lt A 5
: gg YO h +.+.—+-'+‘1"+ 'f'#'_h m
W l s ek 4.
10 PR A-—A-“'—‘:‘-i*- +-A_‘:? i +. * E ) +_“_ 1 I I
demihe 1072 10" 1 Time (seconds) 10 10 - - - L '30

10 15 20
Reconstructed E, (MeV)

Large detector + underground + low thresholds = sensitivity to supernova neutrinos

Ar target makes DUNE uniquely sensitive to v, flux — measure neutronization
burst, and highly complementary to other water/hydrocarbon detectors which m
easure predominantly v,

Solar neutrino sensitivity to $B and discovery potential of hep flux, with capability
to measure solar mixing parameters 0,, and Am2,,
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AmZ, (eV2x 10%)

Physics potential:
Precision measurements,non-unitarity tests

N
=)
—
=)

- DUNE Sensitivity —— 336 kt-MW-years DUNE Sensitivity T — 0.03 3 — .
- All Systematk.:s ~———— 624 kt-MW-years 9 All Systematics :':d:,arm:‘: i - 2:::Es?::‘sal::::y B5 Unconstrained
[ NormalOrdering 1104 kt-MW-years Normal Ordering " E o Orofing
I~ sin 3 =0. £ 0. o, . 2, - statistics, systematics,
2.55[-9%0%C.L. (2d.of) ':'JUF";4|.O SRS 8 ::‘47::;";20::,-: 0.008 and oscillation parameters 0.025 ._ si“22913 = 0.088 unconstrained
- = le Yoo 3 Y . sin’,, = 0.580 unconstrained
i I~ c
- C 2 0.021-
- — =1
2,51 % SE ° ,
R 3 .F 3 5
- noE « 0.015
° 4k g
2.45[- I &
af E 0.01F *,
E ] F
L 2:_ E
24r : 0.005[
1 Ui
B | | ; , : obilooslos il | SONRNPT, )., 0,1, c:“ DayaBayunC o |
2,%35‘ — .o 4' — 6 45' — Io 5' — 6 55' — Io 6‘ 1t 6 65 0-42 0-44 0-46 0-48 0.5 0-52 0-54 0-56 0-258 o 200 400 600 800 1000 1200 1400
) . . : : ’ Sin“0,, Exposure (kt-MW-years)

sin0,,

Excellent on Am2s; and 0, including octant, and unique
PRISM measurement technique that is less sensitive to
systematic effects

Ultimate reach does not depend on external 6,; measurements,
and comparison with reactor data directly tests PMNS unitarity
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DUNE is an excellent BSM physics experiment

. For exotics of cosmic origin:

8 Beyond the Standard Model Physics Program ° Large target maSS

8.1 Bxecutive Summary . . .. ..o
8.2 Common Tools: Simulation, Systematics, Detector Components . . . . . . . .
821 MNeutrino Beam Simulation . . - . . . . ..o 0oL
822 Detector Properties . . . . . . . . ..o L4 Deep underg round — IOW baCkground
8.3 Sterile Neutrino Searches . . . . . . . . ...
8.3.1 Probing Sterile Neutrino Mixing with DUNE . . . . . . . . _ . . . .| - = - - ==
832 Setup and Methods .. - ... L] Exquisite imaging, sensitivity to hadro
833 Results . . . . ...
8.4  Non-Unitarity of the Neutrino Mixing Matrix . . . . . . . . .. .. ... . .
841 NU constraints from DUNE . _ . . . . . 0.0 0000000 nS
842 NU impact on DUNE standard searches . . . . . . . . . .. ... . .
8.5 MNon-Standard Meutrino Interactions . . . . . . . .. . ... ...
851 NSlin propagation at DUNE . . . . . . . . .. .. ... ...

o o2 Eflects of baeine and materdensty variation on NSl mesmrenens -0 01 @XOt1CS produced in hadron- nucleus

861 Imposter solutions . . . . . . . L

8.7 Search for Neutrino Tridents at the Near Detector . . . . . . . .. ... ... I I 1c1 .
8.7.1 Sensitivity to new physics CO ISIOnS-

8.8 Dark Matter Probes . . . . . . . 0 Lo
8.8.1 Benchmark Dark Matter Models . . . . . . . . ... .. .. ... .. V . b
8.8.2 Search for Low-Mass Dark Mater at the Mear Detector . . . . . . . . . ° I'EI lnt n I’ t n am
8.8.3 Inelastic Boosted Dark Matter Search at the DUNE FD . . _ . . . . . e e Se p O O e
8.8.4 Elastic Bcosted Dark Matter from the Sun . . . . . . . .. .. .. . .

55 Ot 550 Py Opporamten . Excellent detectors at ~500m, including a 1
Bon Louline Mppeance 50-ton detector (scattering), and a large, lo

893 Heavwy Neutral Leptons . . . . . . . . . ... L

8.9.4 Dark Matter Annihilation inthe Sun . . . . .. ... ... ... .. \%\% denSity deteCtor (decaYS)

8.10 Conclusions and Qutlook . . . . . . . ... . oL oL
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Dark matter at DUNE ND & FD

Fermionic DM x, ap = 0.5, M, = 20 MeV

Fermionic DM x, ap = 0.5, My = 3M,

— (On — axis
== PRISM—-24m
—— LDMX — Phasel

Ll 1) I
10!
My [GeV]

1 IIIII| 1 [ e |
10! 110

102
M, [GeV]

ND-LAr is sensitive to DM produced in
beamline, off- axis data helps to contro

| SM backgrounds

FD is sensitive to inelastic dark matter of

* cosmic origin

2023-11-23
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p-scat: DUNE-40 kt-yr, 0 BGs and HK-380 kt-yr, 0 BGs

103

b 1

-
NS P rumar”

DUNE (Mg, M. 6M) = (2000, 50, 10) MeV
=== DUNE (My. M. 6M) = 2000, 50, 30) MeV
DUNE (Mg, M. M) = (6, 0.4, 0.5) GeV

105 e HK (Mg, My, 8M) = (6, 0.4, 0.5) GeV
0.01 0.02 0.05 0.1 0.2 0.5
My [GeV]
X
—""
X X By

~~~~~~

~———
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DUNE Phase I: world-leading MO, sensitivity to maximal CPV

- DUNE MO Sensitivity y € DUNE CPV Sensitivity 1% \ DUNE Am3, Resolution
10}-All Sys!ematk.:s /’ All Systematics 0.16 ‘\ Am2 All Systematics
r Normal Ordering y 3.5/ Normal Or dering - \‘ 32 Normal Ordering
[ Sep =-1/2 / 5‘0.14__ \‘\
8 3 _ * 1°— “\ Phase |
S > X02H |
25 C PV % L \‘ Start at 1.2 MW
|N%< 5 |N2< N //’/ d b g 0'1__ “\‘\ ——- 4yearramp to 1.2 MW
............................ adepends on be 5 md \
i : bl ] Current best
ar- 15 am ramp-up ® .06 measurement
.................. Phase I: 5, = /2 4 Shased e N A
I Prase i: 100% of &, values 1 //,/ — = 0'04:_ T— P DG avg
Startatd:2 MW 0.5 4 ——: 4yearramp to 1.2 MW 0.02:— ——————————————
E Lsiiel sl s o e by s i 24 5 | A N N A R T
4 5 6 7 o 1 2 3 4 5 6 7 o 1 2 3 4 S5 6 7
Years Years Years
- Phase | will do world-class long-baseline neutrino oscillation physics:
. Only experiment with 56 mass ordering capability regardless of true parameters Dis
. covery of CPV at 3¢ if CP violation is large
ars)

2023-11-23
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. High precision disappearance parameters, (e.g. surpass current Am2;, error in ~2-3 ye



Events per bin

Non-beam physics with Phase |

DUNE is already very sensi
tive to a galactic supernov
a burst with Phase |

Shown is the time distributi DUNE measures SNB v s;

on for a hypothetical 10 kpc other experiments measure v,
SNB with 20 kton fiducial m g [ [ T o —
ass == o ot
5 0. |
40 Infall gNeulronizatio? Accretiong Cooling -ES 1‘0.2 i o 1 o e
% Ve Ve Vy
%0 DUNE 89% 4% 7%

25

SK 10% 87% 3%
JUNO? 1% 72% 27%

'Super-Kamiokande, Astropart. Phys. 81 39-48 (2016)
2Ly, Li, and Zhou, Phys Rev. D 94 023006 (2016)
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DUNE’s long-term goals (Phase Il)

7
- DUNE CPV Sensitivity [l Phase Il by 6 years
- All Systematics B rhasel
6 = Normal Ordering Start at 1.2 MW
- 50% of &, values
L === 4 year ramp to 1.2 MW
S
ar-
3-
21~
1

0lllllllllllllllllllllllll

0 2 4 6 8 10 12
Years

2023-11-23

. DUNE needs full Phase Il scope
to achieve precision physics go
als defined in P5 report

CPV sensitivity for 50% of 6¢p
values shown, precision mea
surements are similarly affec
ted

Timescale for precision physics i
s driven by achieving full scope
on aggressive timescale, early ra
mp-up is not as relevant



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

— online compression and zero-suppression being
considered

18m

+ solar neutrino triggered events 66m

* cosmic ray events and calibrations
» supernova readout events

Far Detector Cryostat

— ~140 TB in 100 seconds - one FD module

— work w/ trigger primitives for immediate optical follow up m ent 4ay .88 l 3 /yar

— transfer out 4 hours and process in 4 hours for precision | Cosmic rays 4,500/day 3.8 GB 6.2 PB/year

optical observations Supernova trigger 1/month 140 TB 1.7 PB/year

: Solar neutrinos 10,000/year <3.8 GB 35 TB/year

. DUNE requirement - less than 30 PB/year tot Esiibiatiohs by - 750 TB 1.5 PB/year
al to permanent storage from all active FDs | Total 9.4 PB/year |

Recently published DUNE Computing CDR - https://arxiv.org/abs/2210.15665

2023-11-23



Data Placement Strategy

accomplished with Rucio and FTS3 - Scale

tests of new DUNE data pipeline - S. Timm

2 copies of raw data on tape

one copy on each side of an ocean
6 months on disk

1 replica of reco/sim on tape
distribute across global Rucio SEs
annual reco pass over all data
annual sim campaign to match
production resident on disk for 2 years

Assume 2 disk copies of reco and sim

impose shorter lifetimes on tests & sim stages
R&D exploring data tiers and formats

DUNE HDF5 Experience - B. Chowdhury

2023-11-23
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DUNE Computing CDR
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2021 2021 2022 2022 2022 2023 2023
Pledge (PB) | Disk Actual | Pledge (PB) | Disk Alloc (PB) | Disk Used | Standard | Modified
Request | Request
BR 0.00
CA 0.05 0.05
CH 0.20 0.20
cZ 0.30 1.00 1.13 0.51
ES 0.50 0.72 0.72 0.01
FR 0.50 0.50 0.50 0.13
IN 0.75 0.75 0.10 0.00
IT
NL 1.90 1.90 1.90 0.42
RU 0.50 0.50 0.50
UK 4.00 4.00 3.83 3.12
US BNL 0.50 0.50 1.00 0.50
US - other
National 8.65 0.00 10.07 9.73 5.24 15.40 12.94
CERN 2.20 3.00 4.00 2.50 2.60 4.00
FNAL 2.20 7.60 8.86 8.85 7.80 8.86
Total 13.05 0.00 20.67 22.59 16.59 25.80 25.80

Table 4: Summary of disk pledges, allocations and usage for 2021-2022 with model request for 2023.
This is based on the 2022 CCB tables which are available in indico [2, 3]. These numbers are derived
from the rucio reports in Table 3 and may not be complete.

2023-11-23
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4

Summary of request for 2023

Disk (PB) Modified Disk (PB) | Tape(PB) | CPU (MWC-years)

Model 25.80 25.80 455 15,169
Request

FNAL 7.80 8.86 36.2 3,792

CERN 2.60 4.00 9.2 3,792

National 15.40 12.94 0.1 7,585

Total 25.80 25.80 455 15,169

Table 1: Proposed pledges for 2023. Disk pledges are based on existing CERN and FNAL contributions
with National contributions making up the rest of the model request. Tape pledges reflect the dominant
use of CERN and FNAL for archival storage of data. CPU pledges are in units of memory-weighted-core-
years and assume Fermilab and CERN each pledge 25%.

* Disk request includes existing FNAL and CERN contributions

* Tape request reduced to 100 TB from National sites for testing, will increase in later years.

* CPU request is now memory-weighted, assumed data taking in 2023.

2023-11-23
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d 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% ?)

O 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

O Thus from network point of view
» Strong overlap with WLCG sites
 We are well served by ESNET, Geant, and European NRENs

2023-11-23 KSHEP 2023 Fall, Naju | Kim Siyeon
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In the future we will include computing in
Brazil
? possibly others ?

DUNE includes protoDUNE at CERN
2018/19 data
Will run again in 22/23

» Data transfer CERN = FNAL

DUNE also has a “different” network requirement to LHC

Connection from the SURF Lab in South Dakota > Fermilab

« ESNET and FNAL are working on this.
DUNE Computing Management, as a matter of policy, will work closely with FNA
L Networking

Latest DUNE CPU and storage estimates
2020 2021 2022 2023 2024

CPU 3600 6000 6000 8000 10000
(Cores)

Storage 12 20 25 ~30 -40
(PB)

2023-11-23 KSHEP 2023 Fall, Naju | Kim Siyeon 36



Summer 2022 Data Challenge 4 - ProtoDUNE
Top Level Map

&

* 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 “justIiN”)
— The Data Dispatcher

2023-11-23

Y

Data from EHN1 to

EOSPUBLIC

Neutrino

PLATFORM

© Ernnkhaven’

P
W

Copy to tape @FNAL Storage
and CERN Distribute 3 (LIS

\\{‘\
i

|
|
‘ﬁ\\\‘

Reconstruct files
streaming at sites

other SE’s
A
Europe
Storage
Elements
]

Return outputs to without SE’s, local for

Fermilab . N 3
(sor:nntleavia local Compute sites with SE’s
writes first) sites

® US @ US_NERSC @ UK_Lancaster
@ US_FermiGrid @ UK Sheffield
® UK ©® US_BNL @ UK_Liverpool
‘ CERN @ US_Colorado @ UK_Imperial
WU WEeoan @ UK_Edinburgh
NL @ US_WsU
® N @ UK_Manchester
@® US_UCSD
@®ES @ NL_SURFsara
® US_NotreDame
@ NL_NIKHEF
‘ cz @ US_PuertoRico
ES_PIC
‘ FR ® US_MWT2 OFES.
@ US_SU-ITS @ ES_CIEMAT
® RU @ UK_RAL-Tier1 @ CZ FzU
@ UK_RAL-PPD @ FR_CCIN2P3
® BR @ UK_Bristol ® RU_JINR
. CA @ UK_Oxford @ BR_CBPF
@ UK_QMUL @ CA_Victoria
® N @ UK_Brunel ®IN TIFR



Korean DUNE Activities

e 2016.05 CAU joined DUNE Collaboration

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

* 2019.05 JBNU & UNIST joined

e« 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

e 2022 277

« 2023.01~ ProtoDUNE HD Data Analysis
ProtoDUNE VD Cold Electronics

* ProtoDUNE Il: Closing TCO in 2022.11, filling LAr in early 2023,
OPS for 2023.06 to 2024.07
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o MMS(EELH):
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 22 7|0

- BR(SYM).
Deep Underground Neutrino Experiment (DUNE) Near Detector Conceptual Design
Report, Instruments 5 (2021) 4, 31,

Neutron detection from antineutrino events in the 3DST, 241t =2 T 7|0

- 7| (E ).
Muon antineutrino CC 1 neutral pion interaction selection using the invariant mass, DUNE-doc-23681-
v1, Technical note 2}

- HER(SYH):
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.

preprint for arXiv

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

S. Gwon,' G. Yang,? S. Bolognesi,® T. Cai,* A .Delbart,* A. De Roeck,® S. Dolan,® G. Eurin,® S. Fedotov,®
G. Fiorentini Aguirre,” R. Flight,® R. Gran,® P. Granger,® C. Ha,! C.K. Jung,? K.Y. Jung.®
S. Kettell,? A. Khotjantsev.® M. Kordosky,'” Y. Kudenko,® T. Kutter,!! J. Maneira,'? S. Manly, *
D. Martinez Caicedo,” C. Mauger,'® K. McFarland,* C. McGrew,2 A. Mefodev,® O. Mineev,®
D. Naples,'* A. Olivier,* V. Paolone,'* S. Prasad,!! C. Riccio,? J. Rodrigeuz,” D. Sgalaberna,!®
A. Sitraka,” K. Siyeon,! H. Su,"* A. Teklu.? M. Tzanov,'! E. Valencia,'” K. Wood,? and E. Worcester?

39
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https://inspirehep.net/literature/1813816
https://inspirehep.net/literature/1813816
https://inspirehep.net/literature/1854065
https://inspirehep.net/literature/1854065

ProtoDUNE at
CERN Neutrino
Platform

2023-11-23

ProtoDUNE Il 2| =2
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Issues of Korean DUNE

Collaboration Size
* CAU
» KISTI (network, storage, computing)
* JBNU and UNIST

Collaboration Grant

Common Fund (M&O)

Participation to KNO

Site Activities: BNL, Fermilab, CERN Neutrino Platform



Du(VE
cﬁ' 0@ Concluding Remark

NEUTRINO EXPERIMENT

* Long baseline neutrino oscillation DUNE for CPV phase and
mass ordering measurements.

« Staged year one is 2026 with neutrino beam, ND, and FD ready.

. Expecrfe('j to produce a variety of new physics based on different
types of interactions and different target materials.

« Korean contributions for protoDUNE, ND/3DST detector, Neutron
study for reconstruction of anti muon neutrinos.

* Plan to participate protoDUNE analysis.

» Both global and local activities are waiting for participation of
young researchers and students .

« CAU Neutrino Lab (Nu Int. Sim/Reco, Data analysis)
Recruiting Postdocs (deadline: mid July, 2023)

2023-11-23 KSHEP 2023 Fall, Naju | Kim Siyeon 42
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Neutrino-nucleus interaction: nu-Ar, nu-C,H
COH, QE, RES, DIS

Neutrons in final states:
Missing energy in neutrino detection

Neutron identification:
- Event-by-event Energy Reconstruction

3-dim Scintillator Tracker:

- DUNE neutrino beam and CH target
- CCQE-like (ccOpi) event analysis

- Low-nu fitting for flux constraint

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

2023-11-23

SNLES

AEE

r\l 1

_—
DEEP UNDERGROUND
NEUTRINO EXPERIMENT

Phys.Rev.D 107(2023) 3,032012
e-Print;: 2211.17037
S. Gwon et al.

FIG. 1. Average energy fraction delivered to the primary
neutrons relative to the neutrino energy(top) and the an-
energy(bottom). The average ratios E,./E, are

parison according to the CC Quasi-elastic (QES), CC
rescmant (RES), CC coherent (COH) and CC deep-inelastic
scattering (DIS) interaction modes.

KSHEP 2023 Fall, Naju | Kim Siyeon

c 0@ CHUNG-ANeERsITY
HIGH ENERGY PHYSILS



Ve
cﬁ' b@ DUNE Detector Techniques

NEUTRINO EXPERIMENT

* Near Detector
e  DUNE Prism
* LAr-TPC (ArgonCube) Segmented

*  Multi-Purpose Detector:
Gas Argon TPC surrounded by Ecal and magnet
Alice-type TPC, -> Reuse Alice Readout chamber

«  System for on-Axis Neutrino Detection
- 3DST, Plastic Scintillator detector w/ 1cm x1cm 1cm cubes
-Gas Ar TPC
- KLOE magnet, and ECAL

%10~
= [ )
2 oof el 3 -
o] « EL g ; v-mode 4
ng - z o E 4
: © 8 cmode :
3 OF S bl :
Sé v-mode 33m Off-axis |
N 30f B
) L 4
® L ]
Al 20. ;.
= . p = -
10 I _" 0CTETIAE 01 734E OTFIAE 0TZI4E 0TZ346 0TZ34E
e — -

35 40 45

%0 05 10 15 20 25 30 5.0
Energy v, (GeV)
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Neutrino Interaction Physics &
the DUNE Near Detector

Mateus F. Carneiro on behalf of the DUNE Collaboration

u . &
P P o
@] - -
o + é,
vy # @ 0 9

o
Free Initial Nuclear Extra Nuclear Fina'l State
Nucleon State Effects Interactions (FSI)

- 4
Y

R(R) = ®(E,) x o(E,, %) x e(X) xP(va — vg)

Final state particle content does not isolate
initial interaction type!
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What do we actually measure?

Interaction Interaction
Modes Topologies

S e Many modes
o ccon contribute to an

ComE (CCQE-like) y
b /@\ measurement

\.\/,/ I Integrated over

(Ccres-ike)  broad w region

CCRES | _ /é><
“ n | Difficult to tune
T TR theory models!

I . CCOm+Np
2p2h ./? L3 /@p< (N>0)
?\. n p?

p

Graphic from S. Dolan
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Charged-current quasi-elastic scattering - the “golden channe

Why is this useful?

Muon has constant dE/dx (minimume-ionizing particle)
Long, clear track: easy to measure E, and 6,

® vy case - neutron hard to detect (neutral)

Not affected by final-state interactions

® Nucleons can re-interact in the nucleus.

UI E_ vi I+

missing in current

. neutrino
n p P 4 experiment
neutrino CCQE interaction ) anti-neutrino CCQE interaction e A"E !

What about anti-muon neutrinos?
What about neutrons?

2023-11-23 48



The Single-Phase LAr-TPC

TPC working principle LAr as radiation detection medium

a V_ x V wire plane waveforms
1ValW
Liquid Argon TPC v _-‘ &

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
Identification (dE/dx) capability present and next generation neutrino
Prompt scintillation light (@128 nm) ezperiment (uBoone, SBND, DUNE)

- T =0, trigger, calorimetry -

DUNE: scaling to multi-kt size

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

Du(Ve



Plastic scintillator detector with 1 cm x 1 cm x 1cm cubes 1.5cmx1.5cmx 1.5cm
Light collected by 3 wavelength shifting fibers

Each cube etched chemically to keep light entrapped inside the cube

Read out by MPPC at 3 faces

41 coverage, 300 MeV/c proton threshold, 0.5 ns timing for MIP

Scintillator cube

WLS fibers

contains all neutron,
gamma induced hits

only the cluster

Sunwoo Gwon
for KPS 2020F




Los Alamos Neutron Beam test

+ SuperFGD 24x8x48 (2019, 2020)  '\eutron beam data

XY view XZ view YZ view

» 3DST prototype 8x8x32 (2020)

2023-11-23

e Neutron beam
observed in
SuperFDG

prototype
detector

e Neutron events in SuperFDG prototype
detector o

“
»
8 »

Joint T2K-DUNE 3D Scmtlllator R&D Group Institutions

CERN University of Geneva, Switzerland ‘5" o
Louisiana State University, USA Lsu Imperial college, UK ILmO’rzfircl)?]l College

University of

University of Pittsburgh, USA @ Pittsburgh University of Rochester, USA @ROCH“['S”TLR

Stony Brook University, USA Stony Brook
’ i ‘W University  njversity of Tokyo, Japan pEREARE

ETH Zurich, Switzerland ETH:zlUrich _—
N _ = Chung-Ang University, South Korea €44 3103
University of Pennsylvania, USA
Penn
High Energy Accelerator Research Organization (KEK), Japan &y KEK

South Dakota School of Mines and Technology, USA m

SOUTH DAKOTA MINES
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INTERNATIONAL [B£TV] IBM-ZELHO AFE0] 12 AT 212 70| ¥3} (4/24 MYB)

COOPERATIVE RESEARCH AND DEVELOPMENT AGREEMENT
FOR
BASIC SCIENCE COOPERATION

(HEREINAFTER “CRADA™) NO. FRA-2017-0044

BY AND AMONG

FERMI RESEARCH ALLIANCE, LLC
UNDER ITS U.S. DEPARTMENT OF ENERGY CONTRACT
NO. DE-AC02-07CH11359
'O MANAGE AND OPERATE
FERMI NATIONAL ACCELERATOR LABORATORY
(HEREINAFTER “"LABORATORY™)

AND

CHUNG-ANG UNIVERSITY

FOR LABORATORY: FOR PARTICIPANT:

M
Nume: Dr. Kim Chang Soo
Title: President, Chung-Ang University

Name: Dr. Nigel S. Loc|
Title: Director of Fer

x/2 30 )v/'
Date: November 30, 2018 Date: OV d r

2023-11-23 KSHEP 2023 Fall, Naju | Kim Siyeon

52



|
Kirk Road

Protons From Main Injector
Existing Main Accelerator
Injector:
Production of
Neutrinos
(680-Foot Tunnel)

|
Absorber Hall
(94 Feet Deep)

Neutrinos 'to
South Dakota

Near:Detector
(183 Feet Deep)

DUNE v, disappearance

¢+ DUNE v disappearance

;150 Kt-MW-yr v mode 150 kt-NIW-yr v mode
fSin(0,)=045  — Sl cc _Sm0,)=085  — S, 2
i — T CC H — — NC
"t —— BHGY, CC i Vv — T
‘o V" = GOR Reference Design A —— GDR Reference Design
; wases Optimized Design wesss Optimized Design
i
u

-

Events/0.25 GeV

Events/0.25 GeV

_2_1000
%‘m Beam Ramping plan | 12 8 4 5 6 7 8 R R S R A A
% 400 Reconstructed Energy (GeV) Reconstructed Energy (GeV)

0

0 1 2 3 4 5

Years after CD-4
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Physics potential: CP violation

CP Violation Sensitivity

45 —_

DUNE Sensitivity I 336 kt-MW-years - DUNE Sensitivity e 336 kt-MW-years

All Systematics | 624 kt-MW-years 12~ All Systematics 624 kt-MW-years
401 Normal Ordering T4 K-MW:-years " Normal Ordering ——— Median of Throws

in?26,, = 0.088 + 0.003 ol [ sin’20,, = 0.088 +0.003 1o: Variations o

s!n 913 = 0,006, = 613 unconstrained I 1-3 _2 ) i statistics, systematics,
35| sin®,, = 0.580 unconstrained 10}-0.4 <sin’0,; < 0.6 easpue St
30

o=\’

(=2)
[ r I r[rrr[rr1t

R AR

d.p Resolution (degrees)

IlIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0308060402 0 02 04 06 08 1 04" 2082060402 0 0204 06 08 1

Ocp/m Oce/m
. 7° resolution to dqp Without dependence on other experiments, discovery
sensitivity to CP violation over a broad range of possible values

2023-11-23 KSHEP 2023 Fall, Naju | Kim Siyeon 54



	슬라이드 1
	슬라이드 2
	슬라이드 3: Activities of K-DUNE Groups  
	슬라이드 4: Physics issues of DUNE
	슬라이드 5: Physics goals of Neutrino experiments
	슬라이드 6: Physics Issues of DUNE
	슬라이드 7
	슬라이드 8: Neutrino Interactions
	슬라이드 9
	슬라이드 10: Physics Targets of DUNE
	슬라이드 11
	슬라이드 12
	슬라이드 13: Getting there: phased construction
	슬라이드 14: Getting there: Phase II upgrades
	슬라이드 15
	슬라이드 16
	슬라이드 17
	슬라이드 18
	슬라이드 19
	슬라이드 20: LArTPC technology provides exquisite resolution
	슬라이드 21: LArTPC technology provides exquisite resolution
	슬라이드 22: Near Detector:       constraints to enable precision measurements
	슬라이드 23: PRISM plays a critical role in DUNE’s precision
	슬라이드 24: MeV-scale physics: unique opportunities with νes
	슬라이드 25: Physics potential:            Precision measurements,non-unitarity tests
	슬라이드 26: DUNE is an excellent BSM physics experiment
	슬라이드 27: Dark matter at DUNE ND & FD
	슬라이드 28: DUNE Phase I: world-leading MO, sensitivity to maximal CPV
	슬라이드 29: Non-beam physics with Phase I
	슬라이드 30: DUNE’s long-term goals (Phase II)
	슬라이드 31: Far Detector Dataflow and Trigger Records
	슬라이드 32: Data Placement Strategy
	슬라이드 33
	슬라이드 34: Summary of request for 2023
	슬라이드 35
	슬라이드 36
	슬라이드 37: Summer 2022 Data Challenge 4 - ProtoDUNE
	슬라이드 38
	슬라이드 39: 최근 중요 실적 및 기여 
	슬라이드 40: ProtoDUNE at CERN Neutrino Platform
	슬라이드 41
	슬라이드 42: Concluding Remark
	슬라이드 43: 백업
	슬라이드 44: 중성미자 상호작용과 중성자 검출 
	슬라이드 45: DUNE Detector Techniques
	슬라이드 46
	슬라이드 47
	슬라이드 48: Charged-current quasi-elastic scattering - the “golden channel”
	슬라이드 49
	슬라이드 50
	슬라이드 51: Los Alamos Neutron Beam test 
	슬라이드 52
	슬라이드 53
	슬라이드 54: Physics potential: CP violation

