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Fermilab’s short baseline neutrino line

* Three neutrino detectors, mainly studying
neutrino oscillations within the Fermilab site

* MicroBooNE ran 2015-21; SBND starting

Short-Baseline Neutrino Program at Fermilab

Target SBND MicroBooNE ICARUS
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Short Baseline neutrino line
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MicroBooNE results

Article

Searchfor light sterile neutrinos with two
neutrino beams at MicroBooNE

* This notable Nature paper from
December has ruled out a fourth
neutrino as an explanation for
anomalous nu_e -> nu_mu mixing
dating back to 1995.

* Ongoing work to measure cross-
sections of various electron-
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The existence of three distinct neutrino flavours, v, v, and v,.is acentral tenet of the
Standard Model of particle physics'?. Quantum-mechanical interference can allow a
neutrinoof oneinitial flavour to be detected sometime later as a different flavour, a
process called neutrino oscillation. Several anomalous observations inconsistent with
this three-flavour picture have motivated the hypothesis that an additional neutrino
state exists, which doesnotinteract directly with matter, termed as ‘sterile’ neutrino, v,
(refs. 3-9). Thisincludes anomalous observations from the Liquid Scintillator Neutrino
Detector (LSND)* experiment and Mini-Booster Neutrino Experiment (MiniBooNE)*,
consistent withv, > v, transitions at a distanceinconsistent with the three-neutrino
picture. Here we use data obtained from the MicroBooNE liquid-argon time projection
chamber" intwo accelerator neutrino beams to exclude the single light sterile neutrino
interpretation of the LSND and MiniBooNE anomalies at the 95% confidence level (CL).
Moreover, we ruleout anotable portion of the parameter space that could explain the
gallium anomaly®*, Thisis oneof the first measurements to use two accelerator neutrino
beams tobreak adegeneracy between v, appearance and disappearance, whichwould
otherwise weaken the sensitivity to thesterile neutrino hypothesis. We find no evidence
foreitherv, > v, flavour transitions or v. disappearance that would indicate non-
standard flavour oscillations. Our resultsindicate that previous anomalous observations
consistent with v, - v, transitions cannot be explained by introducing asingle sterile
neutrinostate.

shown that the thr um- Zboson of the weak interaction. Therefore, these additional neutrino

neutrino and muon-neutrino

Processes

* All of these results included data
processed on IRIS/GridPP capacity

the three eigenstates of neutrino mass, v,, v;and v;, by the unitary Pon-
tecorvo-Maki-Nakagawa-Sakata (PMNS) matrix™*, This mixing
between flavour and mass states gives rise to the phenomenon of neu-
trino oscillation, in which neutrinos transition between flavour eigen-
states withacharacteristic wavelengthin L/E, = (Am,z,)' ! whereListhe
distance travelled by the neutrino, E, is the neutrino energy and
Amj;= m} - m? is the difference between the squared masses of the
mass eigenstates v;and v;. The three known neutrino mass states give
rise to two independent mass-squared differences and thus to two

flavour states mustbe unabletointeract through the weakinteraction
and are thus referred to as ‘sterile’ neutrinos. In this analysis, we focus
specifically onlight sterile neutrinos—those withmassesbelow at least
half the mass of the Z boson. It should be noted that the term ‘sterile
neutrino” has also been used to describe new particles, such as heavy
right-handed lepton partners, that are potentially more massive than
the Zboson. However, our study does not directly test these scenarios.
Thediscovery of additional neutrino states would have profound impli-
cations across particle physics and cosmology, for example, onour
understanding of the origin of neutrino mass, the nature of dark matter

characteristic oscillation frequencies that have been well d
with neutrinos fromnuclear reactors'*"*, the Sun'’, the atmosphere of
Earth**" and particle accelerators™ *°.,

Inapparent conflict with the three-neutrino model, several experi-
mentsduringthe past three decades have made observations that can
beinterpreted as neutrino flavour change with a wavelength much
shorter thanis possible given only the two measured mass-squared
differences*®. These observations are often explained as neutrino
oscillations caused by atleast oneadditional mass state, v,, correspond-
ing toamass-squared splitting of Am; 2107 eV whichis much grea-
ter than the measured Am3 and Am 3. New mass states would require
theaddition of an equivalent number of new flavour states, in conflict
with measurements of the Z-boson decay width™, which have defini-
tively shown that only three light neutrino flavour states couple tothe

andthe ber of relativistic degrees of freedom in the early universe.

With the addition of a single new mass state v, and a single sterile
flavour state v,, the PMNS matrix becomes a 4 x 4 unitary matrix
described by six real mixing angles 8, (1 <i<j < 4). Oscillations driven
by the two measured mass-squared splittings have not had time to
evolve for small values of L/E,. The v, to v, flavour-change probability,
P, - and the v.and v, survival probabilities, £, ,,, and Py vy €N
then, toa very good approximation, be described by

s
P,u,,fsinz(zo‘,gsin{“""';'LJ. W
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*A list of authors and their affiliations appears at the end of the paper. Se-mail: microboone_infe@fnal gov
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MicroBooNE and SBND in IRIS

MicroBooNE and SBND operated as
conventional grid experiments

within the Fermi
GlideInWMS just

As such they are

lab VO, using
like CMS and DUNE

easy experiments

for GridPP sites to support

These charts show running jobs at
UK sites for the two experiments

from the Fermila

b monitoring

« 2019 and 2022 are when each
really start using UK capacity

You can see SBND is building up and
MicroBooNE is winding down

MicroBooNE/SBND

and IRIS - Andrew McNab
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MicroBooNE + SBND request

e Combined MicroBooNE
and SBND usage at IRIS

sites last year vs
2025-26 MicroBooNE

request
Year GPU | Logical cores | Logical cores Logical cores Storage (Disk) Storage
(MicroBooNE) (SBND) (Total) (Tape)
2026-2027 |- 580 1140 1720 : :
2027-2028 |- 460 1600 2060 : :
2028-2029 - : 1360 1360 : :
2029-2030 |- : 2280 2280 - -
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