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Short Baseline Neutrino Anomalies
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Short Baseline Neutrino Anomalies
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Short Baseline Neutrino Anomalies: Allowed Regions
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these v, appearance and disappearance anomalies point to a similar Am? scale,
and the oscillation hypothesis provides a plausible explanation for all of them
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MicroBooNE's new sterile neutrino search result
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MicroBooNE's recent search for sterile
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- how have we achieved such improvements?

L? Brookhaven

National Laboratory

Jay Hyun Jo

=

uBoo
F

Nature 648 64-69 (2025)

nature

Explore content v  About the journal v  Publish with us v

nature > articles > article

Article Open access Published: 03 December 2025
Search for light sterile neutrinos with two neutrino

beams at MicroBooNE

The MicroBooNE Collaboration

Nature 648, 64-69 (2025) | Cite this article
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Abstract

The existence of three distinct neutrino flavours, ve, v, and vy, is a central tenet of the
Standard Model of particle physics2. Quantum-mechanical interference can allow a neutrino
of one initial 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 does
not interact directly with matter, termed as ‘sterile’ neutrino, vs (refs. 242¢282) Thisincludes
anomalous observations from the Liquid Scintillator Neutrino Detector (LSND)2 experiment
and Mini-Booster Neutrino Experiment (MiniBooNE)*2, consistent with v, - v, transitions at a
distance inconsistent with the three-neutrino picture. Here we use data obtained from the
MicroBooNE liquid-argon time projection chamber'? in two 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 rule out a notable portion of the parameter
space that could explain the gallium anomaly®Z8, This is one of the first measurements to use
two accelerator neutrino beams to break a degeneracy between v, appearance and
disappearance, which would otherwise weaken the sensitivity to the sterile neutrino
hypothesis. We find no evidence for either v, - v, flavour transitions or ve disappearance that
would indicate non-standard flavour oscillations. Our results indicate that previous
anomalous observations consistent with v, > Ve transitions cannot be explained by

introducing a single sterile neutrino state.
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3+1 Sterile Neutrino Search: v, appearance search Boo
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3+1 Sterile Neutrino Search: degeneracy
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3+1 Sterile Neutrino Search: degeneracy
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3+1 Sterile Neutrino Search: BNB-only result (2023)

BNB-only Result (2023)

©-0

appearance

‘ —) ‘ disappearance
@ — @ disappearance

2023 result Is not strong

enough to exclude the allowed
regions due to the degeneracy

L? Brookhaven

.20

nBooNE

PRL 130 011801 (2023)

102: ™ T
- MicroBooNE
BNB 6.369 x 102° POT
101k -
: ___ BNB only (2023), 95% CL.
o
>
)
~ 10°F -
NS L -
&
g
107°F :
: LSND 99% CL (allowed)
' MiniBooNE 95% CL (allowed)
-2 e N T L
1070573 103 10-2 101 100
sin?20,.
Jay Hyun Jo

15


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.011801

3+1 Sterile Neutrino Search: BNB+NuMI result uBooNE
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3+1 Sterile Neutrino Search: BNB+NuMI result
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3+1 Sterile Neutrino Search: BNB+NuMI result ‘(ﬁ%
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MicroBooNE detects three main oscillation channels, but only showed two so far:
U, appearance and v, disappearance

these results rely on powerful v, constraints to reduce systematic uncertainty of v, measurements ;

whereas systematic uncertainty on the absolute CC v, rate and shape is large and unconstrained

we show v, disappearance result today to complete the picture
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3+1 Sterile Neutrino Search: BNB+NuMI result
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3+1 Sterile Neutrino Search: BNB+NuMI result
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3+1 Sterile Neutrino Search: BNB+NuMI result nBooNE _
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3+1 Sterile Neutrino Search: BNB+NuMI result
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3+1 Sterile Neutrino Search: BNB+NuMI result
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MicroBooNE has now completed the full 3+1 program, all three oscillation channels measured
IN one detector

all consistent with no sterile neutrino, with limited sensitivity in certain channels
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MicroBooNE's "Low Energy Excess” Search
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MicroBooNE's "Low Energy Excess” Search
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MicroBooNE's "Low Energy Excess” Search
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MicroBooNE's "Low Energy Excess’ Search
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with Bragg peak
Single EM shower
pointing back to track

No proton-like activity
behind EM shower
(Neutrons
non-ionizing)

Distinct gap

~
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https://journals.aps.org/prd/abstract/10.1103/49ds-5hfh

MicroBooNE's "Low Energy Excess” Search: Single Photons

SM (v-Ar)
| : | BSM
NC 7'[0 - 1y NCA - 1y 4 Xp V#CC =3 1,y HNL, Dark V....
Decay to colinear ete
= (or )
% 1. Po : /

A : : _ i t _/ €+’_\
%= Below 20 MeV = proton < __._<\
é{%‘ N Below 100 MeV

T -;éin anele <20 ; low detection eff. in MB Or decay toy
D .
- :: . Entering y ‘<\
\<\ G from outside
>~ T —5

Exit detector

instead of searching for specific process, also
casted a wide net on single photon channel no
matter the origin. inclusive single photon search

- low energy zero-proton subsample shows an
excess with 20 local significance, motivating
more detalled investigations
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Entries

Data/Prediction
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<=
Single EM shower
o
PRL 136 181806 (2026)
single-photon, zero-proton events
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https://journals.aps.org/prl/abstract/10.1103/89qs-4lcp
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MicroBooNE's "Low Energy Excess” Search: Single Photons nBOONF, _

BNB DATA, RUN:11726, SUBRUN:159, Event:7966 BNB DATA, RUN:10685, SUBRUN:133, Event:6675

BooNP_ [iBooNP _

Exclusion shower
cone

BNB DATA, RUN:10654, SUBRUN:283, Event:14200

HBOO% Exclusion shower,

X
cone \
p-like blip

* 3

Exclusion shower
cone

Low blip activity Low blip activity
OpOn-like NpOn-like

- =""High blip activity
OpNn-like

reconstruction of MeV-scale features in : oo:  bwaror i W
_ArTPC (blips) can reveal formerly unidentified £ wt Devomry. s [ NG Sy, 10
final-state particles near isolated single showers ~— me—e==mme =we

300 unconstrained
200
100
|| s e s S B e e
2
8 s ; Pred 1 uncertainty }
<
l .......... ' ?
% 05—
g . . . . . . . .
0 0.5 1 1.5 2 25 3 35 4

Number of Protons
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MicroBooNE's "Low Energy Excess” Search: Single Photons nBOONF, _

BNB DATA, RUN:11726, SUBRUN:159, Event:7966 BNB DATA, RUN:10685, SUBRUN:133, Event:6675

BooNP_ [iBooNP _

Exclusion shower
cone

BNB DATA, RUN:10654, SUBRUN:283, Event:14200

HBOO% Exclusion shower,

cone

X
\
p-like blip

* 3

Exclusion shower
cone

- =""High blip activity
OpNn-like

Low blip activity Low blip activity
OpOn-like NpOn-like

reconstruction of MeV-scale features in I I |
_ATPC (blips) can reveal formerly unidentified I af b mmisom e MicroBoolNE Public Note 1134
final-state particles near isolated single showers — “—+—""""" =" }1X, CRT-velo & p-proximiy & backiracked-bips
300_ ﬁgﬁiﬁ;ﬁg d *2 30 - MC normalized to Data POT = 3.94 x 10"
= -
. . 200 8 - I MC Stat. Uncertainty ZCosmic Data, 1.2
- diffuse low-energy (0-3 MeV) blips: -~ e 5 owervzs  [oenrs
inelastic scattering of final state neutrons VR LT i = ol cornrvos [ oernrv.os
% 0.;_ .......... 5 3 E apan .17,8.5 v,CCinFV, 0.0
: : : 2 03 1 L5 2 25 3 35 4 15 - MicroBooNE Simulation,
- higher-energy blips upstream of the isolated Nomber o s ; Preliminary
shower: final state protons 10
NpOn
5 ,,,,,,,
this new technique can provide accurate understanding of the features :
DI - cssvsscsivssivssvs N

observed in the inclusive single photon analysis " 1 2 3

Number of Protons
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1134-PUB.pdf

MicroBooNE's "Low Energy Excess’ Search: BSM e+e-

search for forward going e+e- pairs from
unstable dark neutrino decay

sensitive to MiniBooNE allowed region for
these models at >957% CL

MicroBooNE places world leading exclusion
Limits, ruling out this interpretation of the
MiniIBooNE anomaly

o
L, Brookhaven Jay Hyun Jo

National Laboratory

uBooNP _
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PRL 136 121804 (2026)

60F
) I — MicroBooNE Data
: | —®— .87x10% POT
» 40F : : . Constrained Backgrounds
£ L i S and Uncertainty
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10~ 11 Example Mz values :

BN 0.03 GeV
Bl 0.1 GeV
N 0.2 GeV

N 0.5 GeV  =—
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MicroBooNE 95% CL
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Independent Bounds
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https://journals.aps.org/prl/abstract/10.1103/3q7x-ks7h

How can we do even better? nBooNE _

—=

arxXiv 2603.23691 arXiv 2605.30709
Single Electron Efficiency, PE > 20 Cut

1.0

2] .
" - . = MicroBooNE Data
MicroBooNE Simulation 05 5 7 Bkg-subtracted
© ] — Best fit line:
=" 150 o 200— x-p,
% 10.7 B y=p exp{— > ]+p X + P
> 0 2 p2 3 4
'%' 106 B p0=110i10
- - p, = (1.54 £0.01) MeV
E 100 10.5 } p, = (0.12 £0.01) MeV
p_=(-50 +10) MeV "
e 10.4 100— P =140 + 20
Q 4
: -
Z 0.3 i J[ Resolution: (7.52 + 0.78)%
o0 0.2
0.1 -
: O AT SR SR SR NN N S SR L | albma M ﬂﬂ_mﬂl
50 100 150 200 250 04 0 1 2 3 4 5
Distance from PMT Plane [cm] Reconstructed blip energy [MeV]

first reported measurement of
MeV-scale energy resolution in a
neutrino LArTPC (7.5% at ~1.5 MeV),
using Ionization charge signals
from 208T[ y palr production

thorough understanding of LAr
scintillation light for robust
systematic uncertainty
evaluation and physics analysis
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https://arxiv.org/abs/2605.30709
https://arxiv.org/abs/2603.23691

How can we do even better: SBN Program at Fermilab

—— BNB target MicroBooNE

Active mass:; 8ot

_-—*Distance: 470m, 4
Operation: 2015-2021 -

SBND :
Active mass: 112t , .
Distance: 110m . %
veration: 2024- ;

e ‘.\‘
A

&

£

4.

SBN program with two additional near & far LArTPC detectors, will provide a more
comprehensive and sensitive exploration of sterile neutrino and other BSM physics
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Conclusion

MicroBooNE has a very active physics
program

novel "'two beams In one detector”
3+1 sterile neutrino search

extensive low energy excess searches
focusing on single photon, and e+e-
channels; with doubled dataset, usage of
cosmic ray tagger, combining multiple
reconstruction algorithms

new LArTPC analysis techniques and
detector understanding are under continued
development

many more exciting analyses to comel

RUN 8617 SUBRUN 46 EVENT 2328

Ees

1/em

1%

time

25 Cm MicroBooNE Data, Run 5462 Subrun 14 Event 73

Dark Sector ete- Simulation
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MicroBooNE Posters nBooNB _

neutrino oscillation & beyond the standard model physics searches

inclusive single-photon search (#117)
NC-coherent-like single-photon search (#153)
enhanced NC de

light sterile neutr
dark sector e+e- search (#449)

MicroBooNE

BNB 6.369 x 10%° F

ta—1y search (#188)
iNo search (#239)

NuMIl 1.054 x 102! PC

—.. BNB only (2023), 9

study v-Ar interactions

Leptonic

neutrino-angle reconstruction (#110)
charged pion production (#137)

advancing LArTPC
technology capabilities

(
plonless Ve XS (#139)
CCrmo production (#145)
kaon production (#180)
coherent pion production (#211)

Improving sing

with low

MeV-scale sig
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- hac

e-photon search vu-Ar XS without pions in the final state (#285)
resonance and nuclear effect with m° production (#318)

onic |ID (#159) Vu XS across proton multiplicities (#393)

nal energy resolution (#114)
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