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Short-Baseline Near Detector (SBND)

e The Short-Baseline Near Detector (SBND) is the near detector of the Short-Baseline Neutrino (SBN) program
located along the Booster Neutrino Beamline (BNB) at Fermilab.

e SBND has broad science goals as part of SBN program and on its own, addressing explanations of the short-
baseline anomaly, BSM searches and precision studies of neutrino-argon interactions.
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SBND is a LArTPC detector
combined with a unique photon
detection system

- Event imaging

- Fine granularity calorimetry and
particle identification

- Good timing resolution

- Low energy threshold
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B Strong European cont

ributions to detector

construction, commissioning and data analysis.

262 Total Collaborators

223 Scientific Collaborators

(faculty/scientists, postdocs, PhD students)

40 Institutions

4 Brazilian Universities

CERN

1 Spanish University, 1 National Laboratory
1 Swiss University

11 UK Universities

17 US Universities, 4 National Laboratories
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SBND Status

2000 :

m After ~10 years of design, construction & installation,
the detector is currently operating and collecting BNB ZZS LDy
data since DeC 2024 : i Exposure time = 25.5 hours

1250 A [

m Already accumulated ~ 0.5 million neutrino interactions |5 1000 |

events! ° 750-
500 -

B By summer 2025, expected to accumulate \so ] | :ﬂ-“-—-m_.m...\,\..,.,.._,,\,,]
1.5-2 millions U,- and 12-15 thousands v, -argon . ‘ : il | | |
scattering events! P 7 ouremshpeaktimerwst

SBND Data: v, CC Candiate SBND Data: v, CC Candiate

ST, RUN 14445, EVENT 120
& sono £ July 04, 2024

RUN 14729, EVENT 41
PLANE 2
July 11, 2024
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SBN(D) in the USA and European Particle Physics Strategy

N 2014 P5 Report
9

Recommended a world-leading short-baseline
experimental neutrino program at Fermilab with
strong participation by the domestic and
international neutrino physics communities working
toward LBNF [DUNE] using liquid argon detectors.

2023 PS5 Report

Highlighted how the short-baseline neutrino
anomalies will be conclusively tested by the
current SBN program at Fermilab. It also
acknowledged the crucial role in maturing the
LAr technology and analysis, and measuring
neutrino-Ar interactions

Physics Briefing Book Input
for the ESPPU 2020

Mentioned SBND and ICARUS unique
position to fully address the short-
baseline neutrino anomalies.

ESPPU 2020 Recommendation

Stated that Europe, and CERN should continue
to collaborate with the US towards the successful
implementation of the Long-Baseline Neutrino
Facility (LBNF) and the Deep Underground
Neutrino Experiment (DUNE).
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We are submitting a SBND White
Paper, to get continuous support for
the operations & analysis phase as
well as in planning and execution
future prospects of the experiment.
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https://usparticlephysics.org/wp-content/uploads/2018/03/FINAL_P5_Report_053014.pdf
https://www.usparticlephysics.org/2023-p5-report/
https://cds.cern.ch/record/2721370/files/CERN-ESU-015-2020%20Update%20European%20Strategy.pdf
http://cds.cern.ch/record/2691414
http://cds.cern.ch/record/2691414

SBND White Paper as Contribution to ESPP 2026

THE SHORT-BASELINE NEAR DETECTOR WHITE PAPER

CONTRIBUTION TO THE EUROPEAN STRATEGY FOR PARTICLE PHavysics 2026
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References

m \White paper in preparation, planning to submit to ESPP by March 31 deadline. Planning to also upload

on arXiv.
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Sec 3: Physics Goals and Capabilities

B Sec 3.1: Search for eV Scale Sterile Neutrinos as part of the SBN program

e SBN program is fully online now, and poised to tests the sterile neutrino hypothesis by covering
the parameter regions allowed by past anomalies at 5o significance.

e Complementary searches for Uy disappearance, v, appearance, v, disappearance, and flavor-
inclusive NC disappearance.

B As the Near Detector in the SBN Program, SBND plays a key role in mitigating large neutrino flux and
cross section uncertainties since its positioned before the oscillations turns on at eV-scale.
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Sec 3: Physics Goals and Capabilities

B 3.2 Precision Measurements of Neutrino-Argon Scattering Cross Sections

&%, RUN 14737, EVENT 586
B July 11, 2024

e \With SBND running, the high-statistics and high-precision era in neutrino-
argon cross section physics has started!
- Already collecting 7,000 total neutrino interactions events per day

e SBND will record ~20—-30x more neutrino—argon interactions than is
currently available

e SBND has a significant phase space overlap with DUNE — SBND
measurements can be used to constrain some of the same physics DUNE
needs to know

40 40
v, =" Ar v, =" Ar . . .
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interactions.

Sec 3: Physics Goals and Capabilities
B 3.3 Other Searches for Beyond the Standard Model Physics

e SBND’s large detector mass (~100 ton), proximity to the beam target (~100 m), and high-performance
detector design enables exploring many new physics scenarios in meson decays and proton-fixed target

e [ everage LArTPC capabilities and SBND’s ns-timing resolution.

e Study alternative explanation of the short-baseline anomalies as well as other BSM scenarios.

e Strong collaboration with theory community and many on-going model-specific and model-independent
sensitivity studies and searches.

Dark Neutrinos

Bertuzzo Jana Machado Zukanovich PRL 2018, PLB 2019
Arguelles Hostert Tsai PRL 2019
Ballett Pascoli Ross-Lonergan PRD 2019
Ballett Hostert Pascoli PRD 2020

Higgs Portal Scalar

by
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Pat Wilczek 2006
Batell Berger Ismail PRD 2019
MicroBooNE 2021

Transition Magnetic Moment

Gninenko PRL 2009
Coloma Machado Soler Shoemaker PRL 2017
Atkinson et al 2021 Vergani et al 2021

Light Dark Matter

o
T ya
P

Romeri Kelly Machado PRD 2019

Axion-like Particles

Kelly Kumar Liu PRD 2021
Brdar et al PRL 2021

Millicharged Particles

Magill, Plestid, Pospelov, Tsai, PRL 2019
Harnik Liu Palamara, JHEP 2019
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e A non-exhaustive list of
BSM new physics that
could be produced in the
BNB and can be detected
in SBND.
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Sec 4: Features of the Beam and Detector
H 4.1 BNB and SBND-PRISM Concept

e SBND is close (110 m) to the neutrino
source and is positioned offset relative
to beam center that allows sampling

multiple neutrino fluxes in the detector -
enabling SBND-PRISM feature.

e SBND-PRISM provides unique

constraints of systematic uncertainties,

helps mitigate backgrounds, and

expands the SBN(D) physics potentials
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Similar to the nu-PRISM and DUNE-PRISM concepts, but with a fixed detector.

H 4.2 Advancing LArTPC technology

Two TPCs (2 m drift), similar design as DUNE FD-HD. 112 ton
active mass.

3rd iteration towards the DUNE cryostats.

dColgl front-end TPC electronics prototypes toward final DUNE’s
esign.

X-ARAPUCA photodetector technology shared with DUNE.
gole\l?D)WI” have the longest operation In liquid argon (2024 —
+

Development of data analysis pipelines for LArTPC
experiments: reconstruction, calibration, systematics
uncertainties as well as two LAr detector joint analysis.

B Training next generation of LArTPC experts!
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Sec 5. Current and Long-Term Operations Plans

H 5.1 Current/Approved Operations Plans (2025 - 2027)

¢ Running until the Fermilab accelerator long-shutdown in ~ Fall 2027.

e Expected to collect or even exceed 10 x 10?Y POT from BNB.

H 5.2 Long-term Opportunities (after the long-shutdown ~2029+)

e Continue to run in Neutrino Mode

¢ Run in Antineutrino Mode:

- Lack of antineutrino-argon scattering data.

- It will be a significant input to DUNE’s CP-violation measurement. Neutrino and anti-neutrino may behold
different nuclear effects due to isospin asymmetric nature of the argon nucleus.

- SBND can collect world’s largest antineutrino-argon data in a few days.

¢ Run in Beam-dump Mode:

- Option 1: Off-target mode (similar to MiniBooNE search), x50 reduction in neutrino rate
- Option 2: Absorber at end of beam pipe, x1000 reduction in neutrino rate
- Enhanced sensitive for many new physics scenarios: dark-matter, dark-photon, ALPs, ...
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Short-Baseline Near Detector (SBND)

o Effort Name: Short-Baseline Near Detector

e Short abstract: The Short-Baseline Near Detector (SBND) is a 112-ton active mass liquid argon time
projection chamber (LArTPC) neutrino detector that sits only 110-m from the target of the Booster
Neutrino Beam (BNB) at Fermilab. SBND is the near detector in the Short-Baseline Neutrino Program
and has broad science goals as part of the SBN program and on its own addressing explanations of the
short-baseline anomaly, beyond the Standard Model searches and precision studies of neutrino-argon
interactions.

e Contact information: SBND Spokes: Ornella Palamara (palamara@fnal.gov)
David Schmitz (dwschmitz@uchicago.edu)

e Useful links: https://sbn-nd.fnal.gov/index.html

¢ White paper: To appear on arXiv

B, RUN 14737, EVENT 586
8 sewo 4 July 11, 2024
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