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Recent news on neutrinos!

Direct neutrino-mass measurement based on 259 days of KATRIN data m::g;:g
Science 388 (2025) 6743 ) g -
- m,< 0.45 eV at 90%CL ) =
Sterile-neutrino searches to , Y e
- MicroBooNE - Nature 648, 64—69 (2025) v — o > -BER.
- KATRIN - Nature 648, 70-75 (2025) e — g M
Observation of an ultra-high-energy cosmic neutrino with KM3NeT | . -
Nature 638, 376-382 (2025) B_N;:E:Zm}agicg
Constraints on Neutrino Physics from DESI DRD2 BAO and DR1 Full Shape ~ ~ == |
Phys.Rev.D 112 (2025) 8, 083513, Phys.Rev.Lett. 135 (2025) 8, 081003 \\*/
+* JUNO 207.2 days

Neutrino oscillations Y
- Improved reactor neutrino oscillations at JUNO with 207 days of data taking t " =5 |

arXiv:2609.37895 Tos
- Joint neutrino oscillation analysis from the T2K and NOvA experiments :: ™o

Nature 646, 818-824 (2025) O e T
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A new Nobel Prize!

Francis Halzen

 “for decisive contributions to the lceCube Neutrino Observatory
and the discovery of high-energy neutrinos of astrophysical origin”

 IceCube contributes to many neutrino physics analysics including
neutrino oscillations!

» Detection principle also paved the way for KM3Net — stay tuned!
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The wished scenario?
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* The allowed phase space by the 3 light v paradigm would be

critically

reduced by ~2033

May end-up where we want to be, i.e. need for beyond BSM expl.!
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THE scenario?
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« Assumptions: Normal ordering + improved OvfS[ decay sens.

* The allowed phase space by the 3 light v paradigm would remain

opened by ~2033

May end-up in a non conclusive era for long time!
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Neutrino mass ordering from JUNO

« Latest advance released in this preprint: arXiv:2609.37895

« A 2.1 sigma preference reported for Normal Ordering

=== DYD Constraint ===LRL Constraint —e—=JUNO w/ DYE constraint, == JUNO w/ DYB+LBL constraints
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FIG. 7. %? profiles versus Am3Z, for 10 (left) and NO (right). Red and black solid curves show the JUNO fit with Daya Bay
constraint [22] alone and with the additional NuFit LBL constraint (8], respectively; dashed curves show the corresponding
pull terms. Circles (DYB) and triangles (DYB+LBL) mark the best-fit values. The LBL constraint enhances the preference
for NO, as quantified by Axi,_no (values given in the IO panel). The fits constrain the unoscillated spectrum using TAO [21]
and Daya Bay near detectors [19)].
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FIG. 8. (a) Frequentist distributions of the test statistic

Ay? = x%o,m - x%,o,m, together with the observed value (ver-
tical dashed-dotted line). (b) Bayesian posterior probability

densities of Am2,

obtained from the Markov Chain Monte

Carlo analysis. Color convention: NO (blue) and 10 (red).
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The next steps

Clear need for larger oscillated neutrino datasets!
Two major experiments: DUNE & HK (+ORCA & IceCube)
HK should start soon in 2028! 25'000 oscillated neutrinos in 10 years

Credit:
R. Akutsu
Neutrino 2026

7 14/10/2026  DUNE —Y. Kermaidic — French-Ukrainian workskop 'bjcu_’b UmVerS'te @ EJ(\’E

w PARIS-SACLAY




DUNE sub-projects

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
Underground g SESa=sS
Research B . e -
Facility oz :

Fermilab

Y Y

* FSCF-EXC — Underground Excavation * NSCF - Near Site Conventional Facilities

* FSCF-BSI - Far Site Building & Site Infrastructure * Beamline — Proton Beam and Neutrino Beam
« FDC — Far Detectors and Cryogenic Infrastructure < ND — Near Detector

s °
8  14/10/2026  DUNE - Y. Kermaidic — French-Ukrainian workskop WCe université @ DUVE

w PARIS-SACLAY




DUNE collaboration

» International collaboration (in 2026)
— 1548 collaborators, 222 institutions
— 40 countries incl. CERN
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Mass Ordering Sensitivity (o)

DUNE long baseline target

Neutrino Mass Ordering » Leptonic CP violating phase
sensitivity in worst case will be measured with
scenario unprecedented precision
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The PIP-ll project

Main Injector £

Project well progressing (civil construction & cavities validation)
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Credit: Tom Murphy ICHEP2026

DUNE near detector

Main body consists in a movable LArTPC
Pixelated TPC helps resolving the pile-up and rock muons

« 2Xx2 module deployed on the NUMI beam

Ongoing data taking at FNAL o0
. . o F
First DUNE neutrinos from beam! | (Lo 2
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DUNE far site underground lab

%)

Neutrinos from
Fermilab

s °
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DUNE far site underground lab

« Excavation completed in 2024
« South Cavern Availability since January 2026!

» Cryostat construction will soon start (>30% of parts are underground)
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Far Detector Vertical Drift

« FDVD construction starting first in 2027 then FDHD

« Major contribution from IN2P3
Chimneys + top
electronics feedthroughs “ nd 1

Top Drift / - ' I g ‘ =

Electronics

Charge

Readout Planes ~
PDS signal/power

over fiber (300 kV)

800 m? flat cathode (300 kV) +
embedded Photon Detection
System

> °
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- () > IN2P3 Pl Fabien Cavalier

Chimneys %)C b et
)& Lab '

Chimneys V24 : 40/(42+1) (100%) Received + QC OK ; %
Chimneys V48 : 55/(63+1) (86%) Received + QC OK
Cold PCB: Procurement in process + PRR
Warm PCB: validation ongoing before PRR
Guiding system: Procurement in process
Blades: validation ongoing before PRR

Transport Box : validation ongoing
200 m? hall assembly and QC

VVVVVVVYY

S
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IN2P3 PI Fabien Cavalier

>
‘ at h o d e > IN2P3 PM Véronique Puill
» Maech. Leader Philippe Rosier £ teg ration
= T:)T)Iring
' LT

% frames : 120 (70%) Received and Validated '

Resistive Grid: 555 (25%) Received and Validated
Metallic Grid: 720 (100%) Received and Validated
Suspension Cables In production
Positionning (top+bottom) In Procurement
Transportation Box Final Design
Integration + Installation tools:

* Carts:2(100%)

e Cartwall : 1 (50%)
» 400 m? hall assembly and QC systems

VVVVVVY

» All deliveries expected for Q1 2027

I osESE
[~ Installation /

, I =8 "
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LBNF/DUNE Schedule

Calendar Years

LBNF/DUNE Summary Schedule

Jan 2026
2025 2026 2027 2028 2029 2030 2031 2032
M1: Start of far site o1]@|o3]os|or|a2]o3]as|ar]a2]a3]asfar]a2]a3]as]ar][a2]a3fas]arf[a2][a3fas]arf[a2]a3asfa1][a2][a3fas
I I
cryostat construction A M1 * M2
i . Cavern Outfitting
M2: Far site conventional
facility transition to
operations complete
M4: Start Science
M3: Start of far Cryostat Construction and Installation of Far Detectors
detector construction
Ma4: First far detector
transition to Near Site Facility Construction
eperatons complete ]
MS5: Start Beam-based mline Component Fabrication and Procurement
o MB5: Start Beam-
science ---‘ b d sci
Beamline Installation ased science
Near Detector Construction ‘
S °
i . @ Cub :
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The ProtoDUNE-VD @ CERN

P

J
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The ProtoDUNE-VD detector
@ CERN EHN1

« Among the largest LAr TPC ever built
770 tons (+SBND, MicroBOONE,
Charge Readout Planes ICARUS @ SBN Fermilab facility)

4 4 . (1kv)
S
§ — collection (1 kV)
— induction 2 (0 V)
Cathode ) induction 1 (-0.5 k)
(-154 kV)
Egrift \(450 V/cm)
. Liquid Argon TPC
S
<. - /
o > field cage 4 T)@ oA
¥ N E j charged Particules-——.5 ‘SC‘g < ionization electron
Fo ¥ @@@,@;@::';'H ..........
¥ v v €a) ‘ ‘ P incoming beam/neutrino
PDS: X-Arapucas : 5 5 ﬁ scint. photon (128 nm)
— . Charge Readout Planes :
3m (-1 kV)
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From drifting electrons to reconstructed tracks

Perform a 3D reconstruction of energy deposits by matching the 3 views
(time, channel -> X)Y,Z)

Use Pandora space point solver & tracking/showering algorithms by default

Use of SPINE ML pipeline software (Nived Puthumana-Meleppattu thesis)

Low energy — use the reconstruction module from Emile Lavaut thesis

Pandora 3-views matching SPINE event display
-400

~300 y T\ \

_200 .

~100 \
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Cosmics runs

« High rate of cosmics muons allows for detailed studies of the detector response
(geometry, MIP, stopping muons, ...)

« Cathode crossing tracks are a good standard candle (known depth)

« Pandora reconstruction used here for track stitching and calorimetry

E - Topdrift y PDVD data preliminary =
» 140— volume g 9
g s
121}:_ _,-";. 7
100f— / 8
- /
80— /
- /s 5
&60l—
- 4
40—
- Vi 3
20— rd
- 4 2
oE=_________________ ... C_------C----] ~ . 6.cmthick cathode frame
— -/ / Bottom drift 1
20— volume
- - I |- I Ll | |- | |- I Ll I Ll | |- | |- I Ll I D
=300 =250 =200 =150 =100 =5 1] a0 100 150

¥ {gm)
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Cosmics runs

» Piling-up ~40 k events, able to resolve the cathode position

» Cathode crossing tracks selection

 We manage to centre it at the cm level G

300 [

200

X (cm) - drift direction

100 ]S

Expected cathode __ 0
position

-100 [
-200 P4

-300

PDVD data preliminary

.«. LN
Y (cm)

—220
—200

—1180

Top drift
volume

450 V/cm
E-field

Bottom drift
volume
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Laser system based calibration

Laser tent on NPO2 roof

Up to 8 laser periscopes are planned to be
deployed in the FD-VD for calibration purpose

LAr ionization from 266 nm UV laser

Can check for E-field, dQ/dx, ... uniformity

Test deployment started at PD-VD in Nov.
2025 with first tracks recorded!

PDVDNeIiminary

N

Time (ticks)

-20

0 100 200 300 400 500
& Channel
~3m
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zspace paints (mm)

E. Lavaut thesis

Very low energy event reconstruction

» Excellent electronics noise condition allows for very low energy studies
» Specific low energy blips reconstruction tools developed in DUNE
« 39Ar spectrum partially reconstructed down to ~300 keV

« Structural radiologicals (32Th & 238U chain) visible, e.g. field cage beams

PDVD data prelimina ry

PDVD data preliminary

T T TTTTIT

top drift vol. - run 40890

Density / 1 cm?
Entries / event / keV

107

L L
T T TTTH

A_m il L l_zw L L 1_1001 1 1 i 0 L 1 1 ]1ool L 1 lzwl L L lsml 10 m 1m0 1m mm m mo
Y spa00 pane (MM) Collection view charge (~keV)
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zspace paints (mm)

E. Lavaut thesis

Very low energy event reconstruction

» Excellent electronics noise condition allows for very low energy studies
» Specific low energy blips reconstruction tools developed in DUNE
« 39Ar spectrum partially reconstructed down to ~300 keV

« Structural radiologicals (32Th & 238U chain) visible, e.g. field cage beams

o~ = 1
3001 T =3 F 7§ ‘ i S 3 g = PDVD data preliminary
w PDVD data preliminary: = £ C
3 8 I top drift vol. - run 40890
- = i ]
200 g 105
B Field cage beams ]
: // l 0°E
O— 2 "' L A 1 L L L y : L L 4 L i | L 1 ‘ L L 1 1 i L L 1 1 ' L 10‘3 1 1 1 I ||||| | 'l 1 1 'l I L 'l L L I 1 L 'l 1 I a1 L 1 I L il 1 L
-300 -200 -100 0 100 200 300 500 1000 1500 2000 2500 3000 3500
Y space pires (MM) Collection view charge (~keV)

4 °
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Very low energy event reconstruction

« Low energy threshold well reproduced in MC
« As well as the higher energy tail from cosmics induced blips

* Need additional work to assess the structural activity
and compare with screening data

 Will allow recombination, SCE and calibration studies with high 3%Ar statistics

= = =
g PDVD data preliminary § c PDVD data preliminary
1 ! B
-; 10 ! top drift vol. - run 40890 -; L top drift vol. - run 40890
1
:-% v top drift vol. - simulation w/o structural bkg E 10" top drift vol. - simulation w/o structural bkg
L
L]
]

2615 kel

10‘2&

1 1
Sl (N T N BN WO B |l 1 1 'l | 1 ' 1 1 I 1 L ' 1 I Al L 1 | L 1 1 L
1000 2000 3000 4000 5000 6000 7000 B0OO0 9000 10000 10 500 1000 1500 2000 2500 3000 3500

Collection view charge (~keV) Collection view charge (~keV)
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J. Quelin-Lechevranton

Low energy event reconstruction

« Another standard candles are the stopping muons and eventual coincidence

Michel electrons
— Work in progress

* Energy spectrum in the [0-60] MeV range

- relevant for inferring performance w.r.t. SuperNova Burst neutrino events

..H PDVD data preliminary 0.040 A . :
Ee michel event (sim)
'l1. after Michel electron selection 0.035 4 .' . other (sim)
' . ¢ data
¢ e
0.030 .
. . PDVD data preliminary
§ 0.025 e after Michel electron selection
. . .
g 00201 °* =
g .
S 0.015 .,
" 0.010 .
..
.
0.005 - M.
...‘..I...
LA T T TPy
0-000 Ll T 1 T 1 T T Ll
0 20 40 60 80 100 120 140
reco cone energy (MeV)
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Beam runs — H2 VLE line

« H2-Very Low Energy beam line studied in 2016 with simulation for PD-Dual Phase
and commissioned in 2018 at EHN1

« Can study showers from [0.5-8] GeV electrons and pion interactions [2-8] GeV

Particle content @ ProtoDUNE- DP
Within the beam plpe for 1E6 partlcles @ T22 target

| anti-p

Terevasanr
22773

* oo o
. =7

-
L

Particle Content @ WA105 [%]

T T T
12 10 8 6 4 -2 0 2 4 6 8 10 12
Momentum [GeV/c]
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Beam runs — Event display

« 3 GeV/c pion candidate

* Full 3D reconstruction, PID & analysis

PDVD data preliminary Cosmics

tracks

Primary

0 50 100 150 200 250
Channel
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N. Puthumana-Meleppattu

SPINE at work

« Data preparation, training sample, post-processing

Time (ticks)

« Encouraging preliminary results from inference

PDVD sim preliminary
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N. Puthumana-Meleppattu

SPINE at work

* Now being implemented for the Far Detector analysis pipeline

. Simulated charged current muon neutrino ' Simulated charged current electron neutrino

300

, © Reconstructed particles e = Reconstructed particles
280 N, wd

\

‘X(gm)

X0 Z(cm) E 10 i 1 Z(cm) 13

4 °
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Outlook & perspectives

Some advances happened in neutrino oscillation physics but yet no definite
measurements of the mass ordering CP violation

DUNE construction is underway to address open fundamental
questions in the lepton sector starting in 2030!

Major progress in hardware procurement at IN2P3 over the last 2 years
- FDVD Cryostat construction starts this autumn
- FDVD Detector construction starts in 2027

The Vertical Drift Far Detector prototype, ProtoDUNE-VD is taking
sensible data at CERN since august 2025

LAr Xe doping to enhance the light yield is being tested

- This is critical for the success of the light collection in the FD-VD
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