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The Short-Baseline Near Detector (SBND) is a 100-ton scale Liquid Argon Time Projection
Chamber (LArTPC) neutrino detector positioned in the Booster Neutrino Beam at Fermilab and
the near detector of the Short-Baseline Neutrino (SBN) program. The detector took its first run
of neutrino data in July 2024. Located only 110 m from the neutrino production target, it will
be exposed to a very high flux of neutrinos and collect millions of neutrino interactions yearly.
This huge number of neutrino interactions combined with the precise tracking and calorimetric
capabilities of LArTPC detectors will enable a wealth of cross-section measurements with un-
precedented precision. SBND will also sample multiple neutrino fluxes thanks to its proximity
to the beam source and the fact the detector is not perfectly aligned with the neutrino beamline,
a feature known as SBND-PRISM. This article will present the current status of the experiment

along with expectations for a rich cross-section program.
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1. The Short Baseline Near Detector

SBND consists of a single 4 X 4 X 5 m cryo-
stat separated into two TPCs by a central cathode
plane assembly (CPA), each with a 2 m electron
drift length. Together, the anode plane assem-
blies (APAs) [1] and photon detection system
(PDS) [2] facilitate mm-scale imaging and ns
timing resolution resulting in excellent geometric
and calorimetric neutrino interaction reconstruc-
tion capabilities. SBND will record around 2
million neutrino interactions per year, the largest
neutrino-argon interaction dataset to date, thanks
to its proximity to the neutrino source, the size of
the detector and the intensity of the BNB. SBND
successfully ramped up to its nominal voltage
of 100 kV and began taking data for the first
time in July 2024. Figure 1 shows one of the
first recorded events in the detector, identified as
a candidate charged-current muon-neutrino with
multiple pions in the final state (v, CC n*n?).
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Figure 1: First data recorded by SBND. A charged-
current muon-neutrino interaction candidate is char-
acterised by visually reconstructing a muon with a
charged and neutral pion in the observable final state.

2. Neutrino-Argon Interaction
Measurement Capabilities of SBND

A major current challenge in experimental
neutrino physics stems from the fact that the
theory which underpins neutrino interactions on
free nucleons falls apart when applied to neutrino
interactions with heavy, bound nuclei. Neutri-
nos from the BNB have peak energies around
0.7 GeV [3] and will therefore predominantly in-
teract inside the argon nucleus, with one or more

of the 40 available nucleons [4]. In this inter-
mediate energy region, the quasielastic process
dominates with considerable contributions from
resonant interactions. Measurements of these
neutrino-nucleon cross-sections on free nuclei
are well understood, but the observable, hadronic
final state of these interactions will be compli-
cated in a heavy-nuclear environment by multi-
body correlations and intranuclear final-state in-
teractions. Consequently, accurate modelling of
these interactions requires well-constrained nu-
clear and hadron transport models, and this is
crucial to many large-scale detectors which use
high-Z nuclear targets to maximise statistics.

2.1 SBND phase-space coverage

The statistics and imaging capabilities of
SBND facilitate detailed studies of the complex
hadronic final states and their connection to the
underlying models used in Monte Carlo (MC)
The SBND dataset can be sepa-
rated into many statistically significant, topolog-

simulations.

ical sub-samples as demonstrated in Figure 2, to
perform targeted model optimisations in multi-
dimensional kinematic parameter spaces and op-
timise the precision capabilities of future physics
measurements in experiments like DUNE.
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Figure 2: Simulated neutrino energy spectra of
v, CC interactions for 10 x 10%° Protons On Tar-
get (POT) in SBND. The event rate is categorised
into different observable hadronic final states in the
detector.
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In addition to the broad range of multi-
dimensional cross-section measurements in ex-
clusive topological channels, SBND will also
have unprecedented sensitivity to measuring
neutrino interaction cross-sections of rare and
exotic processes involving particles such as K=,
T and A [5]. The substantial cross-section
measurement program of SBND will cover a sig-
nificant portion of the DUNE phase space, as
shown in Figure 3.
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Figure 3: Kinematic overlap between SBND and
DUNE for the momentum-transfer squared (Q?) as a
function of the energy transferred between the neu-
trino and nucleon (w), with lines of constant hadronic
invariant mass (W).
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Figure 4: Simulated energy spectra for 0.2° Off-Axis
Angle (OAA) samples of the BNB flux in SBND.

SBND is located ~74 cm off-centre, 110 m
along the neutrino beamline, which means that

in addition to looking at individual hadronic final
states, it is also possible to separate the uncol-
limated flux of neutrinos from the BNB by off-
axis angle. Each angular sample varies in the
peak location and shape of the neutrino energy
spectra as shown in Figure 4. Since neutrino
flavour and scattering processes are energy de-
pendent, this provides an additional handle on
the model dependence of the SBND dataset and
will be used to further optimise the flux and in-
teraction simulations for future precision physics
measurements.

3. Summary

SBND will record the largest neutrino-argon
interaction dataset to date, comprising high-
resolution, complex images of neutrino inter-
actions in the few-GeV energy range from the
BNB at Fermilab. SBND’s extensive and di-
verse cross-section measurement program will
contribute to answering fundamental questions
about the universe with DUNE.
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