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A VISION FOCUSED ON NEUTRINOS

Short-Baseline Neutrino Program at Fermilab

Target SBND MicroBooNE ICARUS
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argon mass: 112 t argon mass: 89 t argon mass: 476 t

Short-Baseline Neutrino Oscillations
(ev-scale sterile neutrinos)

Neutrino Interactions
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A DECADE IN THE MAKING

The SBN program takes shape, with Separately built systems come From a construction project
SBND proposed as near detector. togethEP as one instrument. to physics experiment.

f A Proposal for a Three Detector \
— Short-Baseline Neutrino Oscillation Progra

in the Fermilab Booster Neutrino Beam
arXiv:1503.01520

503

RUN 18255, EVENT 69314
PLANE 2
February 17, 2025

! UH‘I,/V -", ;

, W \

2014-15 2021 23 2025-26
The vision Integration & Installation Toward physics
2016-21 20249
Gonstr"uctlon Commissioning & First neutrinos

5 7

A precision detector built from complex subsystems First neutrino interactions in July 2024,
and contributions from institutions worldwide. stable beam data from December.
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Short-Baseline Near Detector (SBND): Design and Initial Performance
arXiv:2610.11782
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https://arxiv.org/abs/2610.11782
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Short-Baseline Near Detector (SBND): Design and Initial Performance

arXiv:2610.11782
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Wire planes
with cold
electronics

11,264 TPC
readout channels
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Two Time Projection Chambers
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https://arxiv.org/abs/2610.11782

THOUSANDS OF

Photon Detection Systems

Production and installation of wavelength-shifting reflective light
enhancers for the Short-Baseline Near Detector

JINST 21 P10008

Wavelength-shifting Reflector foils
on the Cathode

Photon Detection Box
[PMTs, X-Ar'apucas]

‘ 1208"PMTs
192 X-ARAPUCAS
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Scintillation Light in SBND:
Simulation, Reconstruction, and
Expected Performance of the
Photon Detection System

Eur. Phys. J. C 84, 1046 (2024)

Short-Baseline Near Detector (SBND): Design and Initial Performance
arXiv:2610.11782

Ornella Palamara SBND: Exploring Nleutrinos and Beyond | NNNIN26 Workshop October 28,2026


https://iopscience.iop.org/article/10.1088/1748-0221/21/10/P10008
https://link.springer.com/article/10.1140/epjc/s10052-024-13306-3
https://arxiv.org/abs/2610.11782

External

Cosmic Ray Tagger (CRT)
dr coverage

4,000 readout channels

Short-Baseline Near Detector (SBND): Design and Initial Performance
arXiv:2610.11782
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Engineering coordination: complex components, precision assembly,
interfaces and teams working together.

':!: : A4 g . » t \
Short-Baseline Near Detector (SBND): Design and Initial Performance T ‘ W\ W W
arXiv:2610.11782
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ONE PRECISION INSTRUMENT

T

\

into one instrument.

Short-Baseline Near Detector (SBND): Design and Initial Performance
arXiv:2610.11782
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ONE PRECISION INSTRUMENT
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Short-Baseline Near Detector (SBND): Design and Initial Performance

‘ | exceeding 30 ms, 10 x the design
\ ( % requirement
arXiv:2610.11782 5-5T 0RO\ illl}
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THE ORIGINAL VISION BECOMES
PHYSICS
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A DETECTOR READY FOR PHYSICS

TPOC cold electronics
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convoluted with the BNB bunch width,
PMT timing <1.3 ns

Photon Detection System:

Ns timing resolution

Ornella Palamara

Enhanced lonization Charge Identification in the
Short-Baseline Neutrino Program Neutrino Detectors
with Deep Neural Networks

arXiv:2605.18861

Data-driven evaluation of detector
systematics from cosmic muons.
Few % level systematics on

physics analyses.
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https://arxiv.org/abs/2605.18861

NILLIONS OF »-AR INTERACTIONS
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Droximity to the neutrino source, S
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World’s largest v-Ar data set
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and growing...

Run3d has started on Oct. 1st, 2026
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foundation for precision neutrino measurements.

—xcellent detector performance, together with the scale of the dataset, provide a strong
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SBND MEASUREMENTS: AN ASSET FOR DUNE

SBND’'s high statistics dataset spans the phase space relevant to DUNE

! B SBND Beam Flux
B = DUNE Beam Flux
| DUNE Atmospheric Flux
K Kinematic coverage of charged-current vy Kinematic coverage of DUNE atmospherics and N
interactions in DUNE and SBND SBND charged-current vy interactions
DUNE CC vy _ .
v, CC SBND Preliminary DJUNE Atmospheric Flux
5 7— 7 vy, CC SBND Preliminary
GENIE v3.6.2 sbnl AR23.20i.00.000 / 5 — >
—— 70% of SBND FHC (29% of DUNE FHC) 10% GENIEv3.6.2 sbnl AR23.20i.00.000 /’
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; 30% (W 4 / v
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4 5

The Short-Baseline Near Detector at

SBND’s neutrino-interaction measurements can constrain interaction models and
Fermilab: Input to the European Strategy

for Particle Physics 2026 Update reduce uncertainties N DUNE measurements.
inspirehep.net/literature/2906591
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TURNING DATA INTO PHYSICS

Transverse Kinems

Differential cross section
SBND 8.8 x 109 POT

~

~
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dprprobes nuclear effects:

- Fermi motion shapes the peak
- FSland multi-nucleon effects
shape the tall

Current models do not fully
describe the data
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SBND data enable development and
validation of interaction models for

SBN and DUNE.
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probing initial state Fermi
mMmotion
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-l

B

60 days - 13k events
90% purity, 30% efficiency

ata sam

Dle

J

Measurements of transverse kinematic

imbalance in muon neutrino charged-
current interactions on argon with a
single proton and no pions in the final
state with SBND

arXiv:coming tomorrow

Systematic Uncertainties

SBND Simulation
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— Neutrino flux

— Neutrino interaction
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— Detector

— Protons-on-target

— Number of target Ar
— Cosmics

— MC statistics
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1.0

- Total "8% at the

- Detector

~

peak (flux ~79)],
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modeling in the
tail

systematics
down to a few %o

J

Unprecedented precision from just 12% of the data - details at the Fermilab Wine and cheese on October 30th

Ornella Palamara
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TURNING DATA INTO PHYSICS

Inclusive ve CC Cross Section
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SBND TPC Front Face 1, CC event distributions at different off-axis angles
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SBND Simulation
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Neutrinos enter SBND over a range of angles - T — ZOA gigij;
\_ frorm O°to ~1.6° ) 0.01- asun=H on €[14°, 16°)
"PRISM” technique: 000 .
sample variations in the neutrino 0.0 0.5 1.0 1.5 2.0 2.5 3.0
flux as a function of angle Neutrino Energy [GeV]
=xploited to expand the SBND’'s proximity to the beam target provides a

high neutrino flux, while its spatial extent offers

physics potential of SBND

access to multiple neutrino spectra

Sampling off-axis neutrino fluxes with the

short-baseline near detector L within the same detector. J
Phys. Rev. D 113, 072007 (2026)
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https://journals.aps.org/prd/abstract/10.1103/hc3v-tqdb

TWO DETECTORS. UNE UOsCILLATION PrRoGRrAM

Short-Baseline Neutrino Program
at Fermilab

Target

SBND ICARUS

Near and far
argon mass: 112 t detectors

complementary.

SBND measures the neutrino beam with high statistics before significant oscillations are expected.

ICARUS measures the same beam further along the flight path, where oscillation effects could develop.

Comparison of SBN

D/ ICA

US measurements could signal neutrino oscillations.

Systematic control at the % levelis critical.
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DuAaL LARTPCs: SystTEMATICS CANCEL, REACH GROWVWS

Single D Analysi \
‘ngle Detector Analysis @*actional uncertainties on SBEND/ICARUS ratio

ICARUS has completed a single detector vydisappearance

analysis (arXiv:2603.22557v1). 005 P -nouslsmebtegnesy
SBN Simulation

Flux

Cross Section

| I | [

Joint Analysis 0.20 — BOT Nomma zation
- — Prediction Stat.
- Total (Flux+Xsec)
—  No Detector Syst.
ICARUS ICARUS + SBND
alone 0.15
17-18% _— A few percent

Flux and cross- Near the flux peak

Fractional Uncertainty
on SBND/ICARUS Ratio

section uncertainties 0.10 No detector systematics
N\ S/ N _/
SBND has constrained detector uncertainties directly with 0.05L —
data to few % level. I 1_.—-—'—'_'_'_' |

] | ] | I | | | | I | | | | I,l | | | | I ] | ] |

|

IH | |||||||||||||||||||||||||||
0.00—=572 06 08 10 12 14 16 18 2.0

Reconstructed Neutrino Energy [GeV]

The Impact

Adding SBND can improve sensitivity by an order of magnitude Common physics uncertainties largely canceled

shifting the focus to detector-specific effects. J

First joint .
. ] - YVeappearance - NC disappearance
SET-CTVVENVA vy disappearance analysis,
: - S BND-PRISM constraints
expected in early 2027

by constraining the event rate close to the source. K

NEXT STEPS
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https://arxiv.org/abs/2603.22557v1

FROM NEUTRINOS TO
NEW PHYSICS
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THE SCIENCE BEVOLVED: EXPANDED PHYSICS PROGRAM

Alternative explanations of the short-baseline anomalies and other
Beyond Standard Model scenarios.

Many ideas for new physics searches beyond the original goals came within reach
IN Neutrino experiments.

SBND is ideally suited to these searches: proximity to the target, large mass,
excellent LArTPC imaging and particle identification, and precise timing resolution.

Proton Beam (8 GeV)

new states X
Target

Booster

(Not to scale)

New particles produced at the target or beam dump (via meson decay, mixing with

Nneutral meson,...)] can decayin SBND, yielding diverse final-state topologies.

The Short-Baseline Neutrino Program at Fermilab, Annu. Rev. Nucl. Part. Sci. 69 363-387 (2019)
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https://www.annualreviews.org/content/journals/nucl

L OOKING BEYOND THE STANDARD NMODEL

SBND enables searches for dark sector particles and alternative
explanations of short-baseline anomalies at sub-GeV scale.

Searches span a broad range of models, from specific theoretical scenarios
to model-independent analyses, with distinct experimental signatures.

0
1 P T
a
heavy axion ‘d‘i\:’}'

¥
et el
. v"i‘v“< LN - < K*
7 B - ~
i ,, e y i

dark photon

and more...

~

heavy neutral lepton

Investigating the bunch structure

2501

SBND Data

Events/ns
= N
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=
o
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200 300 400

Flash Time - Beam Arrival [ns]

0 100 500

Nns-level timing in the photon detector system to
resolve the BNB bunch structure:

1.6 Uus proton spill.
81 bunches. ~1.3 ns wide spaced at ~19 ns.

Opens the possibility to search for
massive long-lived particles arriving
between the neutrino bunches

\_ _/

|Upal?

100 MeV HNL — ve*e~ SBND simulation

Sensitivity to HNL

10_4—5 \
10_5—5 \
-6
1077 Assuming |Uea]? = [Ura? = 0 =~
] Data exclusions
-7_||— SIN

10 i — PIENU

—— MicroBooNE

KEK E89

1084 — PS191

—— E949

—— NA62 . .

— NuTeV SBND Simulation
107%4 1k o

Expected sensitivity SBND Analysis in Progress

— = SBND Expected Limits (1 x 102 POT)

10_10 I I I I I T I I
0 30 60 90 120 150 180 210 240
HNL Mass [MeV]
N—ete v
N — 70y

Access to unexplored parameter space with
complementary signatures

SBN BSM generator, MeVPrtl, arXivi2605.11321
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Beam = v 5
g N >
Telescope A N L — e
neutrino 5 decay o= E,U
upscattering - 5
=2.95 x 10=0P0T B
SBND Detector Hall
Signal: LLP produced in surrounding

material and decaying at macroscopic
distance inthe CRT panels, providing
coverage for meter-scale decay lengths.

Upstream panel used as veto against

Nneutrino-induced background.
f I d ti fFLLD Benchmark point: \
V=nucleus production o MmN =400 MeV, mz=1.25 GeV Two hits consistent with an electron-
Model proposed as source of the 1% Re-weighted for 6 decay lengths: positron pair inthe downstream panel.
MiniBooNE anomalous excess 7' 0.3-100m

—_) O
[PRL 121, 241801 (2019); PRD 99, 071701 (2019)]. Removes 83.86% of background.

Signal purity of the sample is still only 2%: further
@ € reductions via BDT, using timing, spatial and

Signal generated using DarkNews

[Comput.Phys.Commun. 297 (2024) 1099 K calorimetric information from the CRT.

SM neutrinos up-scatter to heavy

sterile neutrinos via Z' exchange, then
\decay INto collimated ete- pairs.

Neutrino background using GENIE
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SEARCH FOR LONG-LIVED PARTICLES USING THE CRT

f 90% confidence limits N

SBND CRT Beam Telescope, BNB POT : 2.95 x 10%"

1070
= —
©. — ———Expected, 90% CL Expected 20
ﬂ\ﬂodel-agnostlﬁ /g 36_ — Observed, 90% CL | Expected 10
approach 10
PP Lj = my = 400 MeV,myz = 1.25 GeV
Parameter space: lq_} : ND Significant excess
Effective production o observed above expected
cross section T background
(production cross section =
X decay branching ratio) =
VS

K decay length J

Dark -neutrino model benchmark *

- 3+71: The minimal scenario is beyond the
| | | | ]]] sensitivity of this search.

100 101 102 . S+2: The.heavierﬂ dark neui_:r“ino decays
iINnto the lighter one and brings the
CT [m] resulting benchmark within SBND CRT
reach.

oc(vA —- NX)«xB
S

H

=
S
-

Search for Neutrino-Produced Long-
Lived Particles Using the SBND
Cosmic Ray Tagger Beam Telescope

A Xiv-2610.37555 TODAY!! First BSIVI result with SBND data o D o e

relative mass splitting A=20%.

& for meter-scale decay lengths [(0.3-100 cmy

*Benchmark parameters:
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https://arxiv.org/abs/2610.37555

The world’s largest dataset of nheutrino interactions on argon.

Neutrino oscillations

Neutrino interactions

Precision measurements The SBN program

Beyond the Standard Model

New physics opportunities

—rom precision heutrino physics to new searches for physics beyond the Standard Model.



