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Presentation of the DUNE experiment

Sanford Underground
Research Facility

Fermilab

Goals e Neutrino beam energy: 0.5 to 8 GeV with >2MW intensity
e Charge parity violation phase e Moveable Near Detector and separate on-axis detector
e Neutrino mixing angles 575m from the source
e Neutrino mass hierarchy e Far Detector (FD) 1.5 km underground
e BSM searches e 4 modules of 17.5 kt each

— “DUNE Status and Science” talk given by Laura Pérez Molina yesterday
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LArTPC — kinematic reconstruction of nu interactions

Excellent (v CC, v, CC,NC and potential for v )

DUNE Horizontal Drift
simulated 2.5 GeV v,

Excellent (electron, mu, proton)
- timestamp for off beam events, 3D reconstruction
— Proton ~0(25 MeV)

Detector cavern has been excavated

U A X V wire plane waveforms

Liquid Argon TPC

\ ' DUNE Horizontal Drift
A 4_ | _simulated 3.0 GeV v,

Cathode
Plane




Atmospheric neutrinos in DUNE

e Relevant — 2 DUNE FD modules will 40000F" © T © o T T T T
- DUNE Preliminary ]
operate for ~2 years without any beam 35000 amospheric events E
§2] n Interpolated Honda flux ) —
X . . < 30000 — ﬁEgItEsvzsoti G18_10a cross sections _:
e Main source of neutrinos in early DUNE 3 - oty —— :
. . o 25000 - :g ::)?&rl\.it? r::l, no reconstruction FD4 ]
will be from atmospherics = - _ M—
g) — - —— DUNE beam events: P5 Baseline il
. . — Eur. Phys. J. C 80, 978 (2020 ]
e Expect ~2500 atmospheric neutrino 2 : NUFiL a0 oo ore 4020 :
o) - Maximal CF_’ wolathn FD3 ]
) ) + 15000 Full analysis selections
events per 10kt per year (including ~10 é = :
;5 10000 -
nutau events) : .
5 . . 5000 E
— 0(10°) atmospheric neutrinos : I .
expected in 20 years of DUNE operation e . o B8 10
P y P Years from Construction and Commissioning Start

Camille Sironneau EPS-HEP 2025 Marseille




cos 6O

Physics with atmospherics : 6.,
-
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1 MeVv 10 MeV 100 MeVv 1 GeV 10 GeV l 100 GeV
solar SN deltacP theta3, MH steriles
Sub-GeV Atmospheric Neutrinos
e Fastoscillations at E<1 GeV DUNE FO400KL-yrexposure " j 51 gy
1.00 V= Ve (6¢cp, 3 —0) - Kié"ﬁn‘i'ﬁ,i'i_“l”é'o'_in"gflfﬁjﬁfﬁ,fm' — CC—1p0r
3 . ° EXpeCt DUNE tO be able tO ds 30 MeV p kinetic energy threshold — gg_gpoﬂ. L]
0.75  Sensitivity to 5cp com- S e
. ing from sub-GeV upgo- reconstruct sub-GeV events
6,58 ing v 01 e Sensitivityto &, “<>I<3
0.0 complementary to beam W
. |
o1 ©® Subjecttonuclear effects and ) e
cross-section systematics J \\ %
-0.2 lo
. 0 —_— MA\
(different from beam due to 0 /2 e 37/2 o
102 cP
energy range . " .
gy range) April 2019 paper: “Sub-GeV Atmospheric
Neutrinos and CP-Violation in DUNE”
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https://arxiv.org/abs/1904.02751
https://arxiv.org/abs/1904.02751

Physics with atmospherics : MH and 0.,

l ; l L l } A =
1 MeV 10 MeVv 100 MeVv 1 GeV 10 GeV ) 100 GeV
solar sw deltacP thetad, MH steriles
Vy = Ve (NH - H)
.. - 1.00 0.3
e Mostvisible effect ~2-10 GeV — well within the range L
, . 0751 Sensitivity to MH com- 43
of DUNE's capabilities 0.50. ing from few-GeV upgo-
e Enhanced by capability to separate nu/anti-nu events 0.25 Ing v 0
— work on-going % 0.0
. -0.1
e Complementarity to beam for BSM as well o
e Ability to see 3 flavor oscillation modes with nutau -0.3
-0.4

appearance
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Physics with atmospherics : sterile neutrinos

: | | | f 1 \
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solar SN Jel‘taCP Thetad3, MH steriles
P(vy = vy)ay — P(vy = vy)sy
0.0 TR i == . . . .
060 e Big part of sterile neutrino effects are at high
—02 N Z:Z F energy
i i . S ) . i
o =on ol 8 \ o1s . ® Differencein event rate due to additional
~ 041 :;:23;;0;6‘ \ % o
) Amz=1ev? 0.00 mixing states
o 3
-0.6 Rt e Important to properly reconstruct interactions
-030 T, , , . . .
) to estimate this — energy, direction, pid, ...
-0.8 I -0.45 %
060 e DUNE could be competitive with other
1o 10° ‘ 10! 100 experiments for Am?2,.< 1 eV?

Energy (GeV mm wm wm =
e (Challenges due to containment effects

N2 _ N2 _ in2 _ 2 _
sin’e., =0, sin’g,, = 0.03, sin’0,, = 0.05, Am*, =1 e\?
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Reconstruction of atmospheric neutrinos

MC simulation of 15M atmospheric events used for studies with full event reconstruction
optimized for atmospheric neutrinos:
e Neutrino direction — needed to estimate the baseline. 3 methods for this:
Hit finding o Using only the primary lepton — like most detectors
o Using all reco final state particles — need to measure kinematics of each particle
o Using all reco detector hits for a calorimetric direction reconstruction
e Energy reconstruction of partially contained muons

Signal processing

Pattern recognition

DUNE Prellmlnary DUNE Prehmmary DUNE Prellmlnary
a| iE e E
: s 80 0 Mosl energellc pamcle - 0 Mcst energetlc pamcle 0 Most energehc pamcle—_
Particle fits: F ¢ Reco. Particules E F ¢ Reco. Particules E ¢ Reco. Particules B
Tracks, Showers - 70 - 4 Hitsonly = _ E ¢ Hits only = — 4 Hitsonly =
= 60f ER I3 E
(= Rl ”‘:!" 1 ¢ 1 < E
8 s o 380 i1 8¢ “.o... 5 -g + ‘.
S 50 % “se 3 2F s ’o 9 2F “o )
2 ok ) 13 *, L %
: : ; 3 a0 o % 4 8F ' 4 8F oentase =
Calorimetric reconstruction S F o, %% 5E .. °,°. 2 SE 000820000,
30 ®0,%% - ofF % ':’. - oF ..333" o —
=" F ®s 0 ® cF %o 0 % 1 £ 2e°800
T E g0 0 © 000, O o F ®oe, ©
> 20f %305 1 =F R T s %
g ®oaeste, 17 *oo0nstses g ]
10f- 38 8000eee | | sl ":’!‘ - 3
Particle identification " Ve CC | *teesg | VuCC | 3 ENC | ]
101 100 107 100 101 1071 100 10°
E, [GeV] E, [GeV] E, [GeV]
analysis Paper on atm v reco in DUNE coming soon
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Towards atm sensitivity studies

MaCh3 software used as oscillation fitter — relies on the sampling of
posterior likelihood using Markov Chains. Already used in T2K
Implementation of DUNE atmospherics in MaCh3 ready to go

Next steps:

e First statistics-only fits with the reconstructed atmospheric
sample for standard oscillation parameters and multiple BSM
scenarios
— NuOscillator package provides interface between MaCh3 and
multiple oscillation probability computation frameworks

e Implementation of realistic flux (expecting updated Bartol and
FLUKA models), cross-section (newly implemented GENIE tune)
and detector systematics
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https://github.com/dbarrow257/NuOscillator/

Supernovae neutrinos in DUNE
| ( | \ | [| 1 |
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1 MeV 10 MeV 100 Mev 1 GeV 10 GeV : 100 GeV
solar SN deltacP theta23, MH steriles
£ Infall Neutronization Accretion  Coolin
e DUNE expects to see a ~3770 neutrino interactions 2 °  MEs
‘ 2N WV, “Ar
from the next galactic core collapse SN at 10kpc % 60 mv, “Ar
>
w

e Expect DUNE to be most sensitive to v_ flux produced

3]
o
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from neutronization due to large CC cross-section 40
e DUNE increases expected global v_ rate from a 10kpc 30
SN by a factor 150* =

e Charge and light systems of each module will trigger 10

independently on a SN burst to minimize downtime 10% 107 Yiie (ascoride)
Expected number of SN neutrino interactions in
*data from https:/snews?2.org/about/ DUNE with a 40 kt fiducial volume
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SN physics and pointing

Most models predict flux described by pinched thermal distribution
May 2021 paper:

“Supernova neutrino burst
detection with DUNE"

DUNE will measure model parameters to describe conditions within the

collapsed star

— measurement at 10kpc can distinguish between current models

Possibility to probe neutronization burst — mass ordering, collapse model, ...

SN pointing: neutrino experiments need to predict the
source location in the sky
In DUNE — ES interactions carrying directional info are

isolated using channel tagging algo

Pointing resolution is 4.3° (40kt mass, SN at 10kpc)

May 2025 paper: “Supernova pointing
capabilities of DUNE"

Confidence level
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https://epjc.epj.org/articles/epjc/abs/2021/05/10052_2021_Article_9166/10052_2021_Article_9166.html
https://epjc.epj.org/articles/epjc/abs/2021/05/10052_2021_Article_9166/10052_2021_Article_9166.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.092006

Solar neutrinos in DUNE

| 1 \ | | 1 |

I | | ! | | >
1 MeV 10 MeVv 100 MeVv 1 GeV 10 GeV 100 GeV
solar J SN deltacP theta2, MH steriles
e DUNE will record several solar neutrino events/day/kt Day-night asymmetry sensitivity
e DUNE has no outer veto — need to evaluate and “°'DUNE Work in Progress
characterize sources of background
e External backgrounds limit DUNE sensitivity T It RO IS N
— new measurements in first years of %
operation will improve current models R vl R R A
e Strong sensitivity to Am?,, due to day-night asymmetry g i o
— visible at 2¢ within few years of operation L o e
50 (em
— 100 (cm)
[ Sensitivity analysis maturing and heading ] ool T
towards publication N ——
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Reconstructing low energy neutrinos

Reconstruction: e Sub-dominant channels: NC interactions

— Largest labeled primary cluster — e” candidate on Ar and neutrinos scattering off

— Adjacent clusters tagged as de-ex y Compton electrons (ES)

— Calorimetric reco of e and y ionization energy _ can be isolated with DUNE's precision

CC: v+ 4y — ¢~ +4EK* ES:v, +e" v +e tracking technology

20 MeV v, ==

e Sub-cm resolution shows distinctive

§EENEERET

10 cm signal topologies

i N E e Information to discriminate various
: : . 3 low-energy signals + background
. - e Work on-going — deep learning for

channel selection

i S EEE LRl IEE L O EIEEEEREES
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Summary and conclusions

Wide range of physics studies available for DUNE in addition to
the beam program

e Atmospheric oscillation analysis program progressing quickly —
targeted developments improving energy and direction resolution

e Sensitivity to §..,, mass hierarchy and BSM searches like sterile
neutrinos

e Next steps — first statistics-only bayesian sensitivities using MaCh3 + implementation of various
systematics (flux, neutrino interaction, detector modelling, ...)

e When operational, DUNE will change the global SN neutrino landscape — first v _-sensitive detector at
the multi-kt scale with 4.3° pointing resolution at 10kpc

e Feasibility of solar neutrino measurements in a detector with no veto is a testament to the LArTPC
tracking technology — precision measurement of neutrino mixing and fluxes

cP’

Publications coming soon on these different topics
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Thanks a lot for your attention !
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Energy reconstruction of atm neutrinos

10°= . CSDA Table
EID‘ - ———————
5 | For contained tracks: |
- | Constant Slow Down | ST I A
w107 . . = =
510 . Approximation (CSDA) | Swf DUNE Work In Progress ~ +—4— J
e =) -
Ll ----r---- 2 | :
a = —4— ]
o L 30 |
i 8 W
R L T R PR L L 9 i = :
" Mulgn Momentulrg (GeV) 0 ) § 20+ I
= (i pf
r Longest track in v, CC event )
T 10__ 44 Tagged as not contained (MCS) B
r Tagged tained (CSDA
: ’ For uncontained tracks: | e S e T
e b b v v b e b b b ey by
| Multiple Coulomb | 00 05 10 15 20 25 30 35 40
. Scattering (MCS) I True Muon Momentum [GeV/c]

”(p) \/7 [1 +00381nm]
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Reconstruction of low-energy neutrinos

Machine learning to tag channels

. Energy Resolution
. . W nueCC (train) 04 ; ] N
a® DUNE simulation . ES (train) ' Sennoraan ] sey
'E ~ . NC (train) 03 | rnolse pZ. 041 | ot
= @ nueCC (test) 2 ‘ﬂ E threshold b: 1.25 {

T @  ES (test) s E ., ; 0.0014
N ® NC (test) = - S - : 0,0012
g " § 2 01 ! 0.001
3 b = |§ - 5~ 0.0008
§ (3] g E °4|\/paz+(p1/vE—b)’+(pg/(E-b))4*: 0.0006
@ g ! 0,0004

& N < _ga £l .

S DUNE Work-In-Progress | oo
p— 4 {

= 2 s 10 15 20

o
True Electron Energy (MeV) True Electron Energy (MeV)
0.0 0.2 0.4 0.6 0.8
Confidence Score
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Solar neutrino backgrounds in DUNE

e Internal argon: from measurements of
atmospheric argon activity by dark
matter experiments

e Components: assay data of construction
materials

e Externals: assays of rock and shotcrete
with simulation of neutron and gamma

backgrounds

le+16

le+15
T le+14
ole+13
=1le+12
g1e+11
Vile+10
le+9
le+8
le+7
le+6
le+5
le+4
le+3
le+2
le+1
le+0
le-1

(kT-y

Counts per Energy

Sy

DUNE Work In Progress

internal

| cgmponent {_
I ! — APA, DUNE Bkg.v3

Component

'— Ar39, DUNE Bkg.v3
Kr85, DUNE Bkg.v3

— Ar42, DUNE Bkg.v3

—— Rn22X, DUNE Bkg.v3
CPA, DUNE Bkg.v3

— Gamma, DUNE Bkg.v3

Ht 1 B external §

— Neutron, DUNE Bkg.v3
----- b8, CC B16-GS98
----- hep, CC B16-GS98

15.0

True Particle K.E. (MeV)
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