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res ponse in the DU N E experi ment » Neutral lepton sensitive to weak interaction :

* Very abundant but not yet completly understood 0.04

. N * Discovery of their oscillation: % %

2. The DUNE experiment * is not predicted by the SM e

* is described by PMNS matrix (3 mixing angles, 1 CP phase)

Principles * implies the existence of masses terms
014 Neutrinos Ws,, =2 The DUNE collaboration aims to: Neutrino is a privileged probe to investigate the matter/antimatter asymetry (5_.) as
012] Noral Ordering  M%ce = » measure oscillation parameters precisely, _ well as dark matter nature. ,
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3 * determine the neutrino mass hierarchy
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a * detect a galactic supernova An underground location
Also: test the unitarity of PMNS, look for sterile ot el s a0
neutrinos and dark matter [2]. + P ”:““Labw s
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To reach these objectives, DUNE is made of an accelerator (neutrino beam), a - AV 7 N <
near (ND) and far detectors (FD). i . — it
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One of four : Each module will be filled
with 17,000 tons of argon,
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The far detector will use two different Amm
concepts/designs based on LArTPC Liquid Argon TPC "
technology: ’ ~6m
S == * Horizontal drift (wire TPC using APA) 7 / — \_,g?? %5 40 cosrion ot
100% mon noutrinos » Vertical drift (drilled PCB using CRP) Z \ Qa
‘ Each of these technologies are being =
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The collaboration follows a phase approach: prototypes: ProtoDUNE. “cathods esistive mesh
g LArTPC principles (credits to E.Lavaut) )
Ehasel Phase I g : )
*Ramp to 1.2 MW beam intensity + Proton beam increases to 2.4 MW 5. Michel electrons
e 2x17kt (10kt+) of LAr TPC modules 4517kt LAr TPC FD I Definition vV
«Near detector: ND-LAr + TMS x17kt LAr module  ichel eloc . . f
(steel/scint. range stack) + SAND * Upgrade of ND from TMS to ND-Gar chel electrons are coming from muon decay -
9 y * Due to relativistic effect, more probable when muon is = _
almost at rest (hence the Bragg peak) H N V.
r \ * A majority of u-(~73 %) are captured by the nuclei < e
* Electrons have a known spectrum: [0, 50] MeV [5 —
4. ProtoDUNEs at CERN pectrum: [0, 501 MeV 15 e
S TN I e = ProtoDUNE-VD 77 Rt 0

* Can be used in ProtoDUNE to caracterise the detector response at low energy.
* Interesting for low energy events like supernovae

* Filled with LAr

* Electronics is being
commissionned

— Reconstruction and simulation need to be optimized for a new design (PDVD)
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* Data expected in 4 - . )
Fall 2025 7 . Michel electron ProtoDUNE analysis
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i - The Status ProtoDUNE-VD: Simulation W.I.P
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* The main challenge of this analysis is to correctly |0 Lol JJI m track sphere
ProtoDUNE-HD identify the hits belonging to the muon wrt the michel ~ ~ ||| | | m orasg spnere
. electron or to delta ray. .|t Ef
* Cosmics and beam _ , =
data taken in 2024 * This analysis focuses on: 3 0l 1 LL
e Data and 1) Identifying a crossing muon using standard tools
simulations are iIn ProtoDUNE (LarSoft/pandora) O 20 40 0 80 106
. . . MeV
being analysed 2) Reclggtermg and ordering the hits around the e
) extremities of the muon -
] 80 W true
. . 3) Searching for a Bragg peak to tagg muon events = = track sphere
6 C - t t with a large dE/dx close to the end of the track il % braqq sphere
. OSmIC muons recons ruc IOn 4) Integrating the charge in the collection plane £ ¢ ]
» Cosmics simulation using e ot e muen gecsy within a 20 cm cylinde_r around the end point, © ol
350 L ArSoft ProtodUNE Prelininary removing the hits belonging to the mother muon
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250 * LArSoft/Pandora is used for o S P \ o I0-258 , eV
200 dentifivi { ks in the TPC - / - E | @ Michel energy spectrum in ProtoDUNE
1503 | _en Myling tracks in the 7 / v ’ P2 (work with J.Quelin-Lechevranton)
100—2 hits ) 0.158 NeXt Steps
0 . 14y || *Theend pointis also refined é I ; b.. 5 1) Using a neural network to improve the Michel electron hit
s a a s  ————swee  Using the Bragg peak from the £ | bragg peak N SN identification (CNN, Nugraph, on-going)
Y ~100 _p00 200" . 3 : 100 | o 2l . . . . .
700 00 slowing down muon LIV, O e 2) Complexify the michel hits selection by using more
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e This new method allows to il | e, e adapteq shape (conique, free_ sur_faces, on-going)
\ clearly tag the muon’s end citg Fangs oS ) Michel hits CNN tagging 3) Mapping the response function in the ProtoDUNEs
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To know more about the group activity : https://phe.ijclab.in2p3.fr/neutrinos/
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