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BSM physics with MicroBooNE

«High intensity
proton beams

« Off-axis & beam dump from
NuMI

« Excellent spatial resolution,
calorimetry, PID

o Low detection threshold

sLarge dataset
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BSM physics with MicroBooNE

Results shown in this talk: - “ ~
Millicharged e
. particles :
arxiv:2312.13945 Heavy QCD
Phys. Rev. Lett. 132, 041801 (2024) Fedons
arXiv:2308.03924
Phys. Rev. Lett. 130, 011801 (2023)
Phys. Rev. D 106, 092006 (2022) W
Phys. Rev. Lett. 127, 151803 (2021) N MARar

Phys. Rev. D 101, 052001 (2020)
Heavy Neutra
Leptons

MicroBooNE

Made possible by a strong relationship
with theorists, providing models and
sensitivity estimates

Higgs Portal
Scalars
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Constraints on eV sterile neutrinos
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Portals to dark sectors

Neutrino portal
mixing of v-N

v (neutrinos)

Standard Vector portal
Model mixing A,-X,
A, (photons)

H (Higgs

Higgs portal
mixing H-S

nBooNE



Portals to dark sectors

New particles can be produced from meson decays

» Large flux of charged & neutral mesons from high intensity
proton beams

Neutrino portal
mixing of v-N

Meson decay in flight

K™ X
protons - target 7T+ .
pt T

v (neutrinos)

\ Standard Vector portal
Beam dump It Model mixing A,-X,,
A, (photons)

Target Decay Pipe Beam Dump

H (Higgs

a l_3e- Higgs portal
Air mixing H-S
nBooNE



Two beamlines

NuMI| Beamline Top View

NuMI

Absorber
~ 68

~470 m

uBooNE _

Om
BNB NuMI<§
[ Not to Scale

Booster Neutrino Beam

» 8 GeV protons

» 0.8 GeV mean neutrino energy
» On-axis

NuMI Beam

» 120 GeV protons

» 1.5 GeV mean neutrino energy
» ~8° off-axis




Heavy neutral leptons (HNLs)

Standard 3x3

mixing T
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MicroBooNE

Production Decay

Incorporate a new right-
handed singlet that mixes with
the active neutrinos

Heavy neutral leptons
produced in the beam

» Decay to Standard-Model
particles in the detector
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Heavy neutral leptons (HNLs)

Standard Uliins
mixing Z <
\7 Uel Ue? Ue3 e Uen \ .
Ui Us Usll-~ T » Production and decay rates
UBxtended — |\Ur1  Urz  Urs Urn both proportional to |U,|?
New_ Us,,l Us,,2 Us,,3 e Uvs,,,n)
physics
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SIMULATION 700 MeV HNL Decay

(Mass 370 MeV)

\
\U W& HNL travels to
MicroBooNE

Production




Heavy neutral leptons (HNLs)

Standard Uliins
mixing 7 5
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physics

»  We assume |U,|= |U,|=0 and set limits on |U |

» We focus on production via K — uN
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Heavy neutral leptons (HNLs)

Standard U3 10°
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»  We assume |U,|= |U,|=0 and set limits on |U |
» We focus on production via K — uN

» Most likely decay channel depends on mj

uBooNE _



|Upal?

Search for N — ”in;

S Phys. Rev. D 106, 092006 (2022)
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Search for N — u*nt

Phys. Rev. D 106, 092006 (2022)
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Search for N — u*nt

Phys. Rev. D 106, 092006 (2022)

/ Majorana HNL
» No>u'r-and N— u-=*
» Isotropic decays (summed
over both channels)

== Dirac HNL

» N — u~n* only: factor of
two lower rate

» Non-isotropic decays
(negligible effect)

104
10—5~
10—6_ PS191
—— E949
T 1070 e
> — KEK
_ —— NuTeV
10784 SIN
PIENU
10—9% ——— MicroBooNE (2020)
== MicroBooNE (Majorana) (2022)
= = MicroBooNE (Dirac) (2022) NuMI POT:7.01 x 1020
16—10 I ! ! ’
0 100 200 300 400
HNL Mass [MeV]
nBooNE

14



Search for N — u*nt

Phys. Rev. D 106, 092006 (2022)

BNB search
/' Phys. Rev. D 101, 052001 (2020)

_ NuMl search
Phys. Rev. D 106, 092006 (2022)
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BNB search: late-arrival trigger
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——- BNB Trigger window

HNL Trigger window

Used the fact that heavy HNLs
arrive later than light neutrinos

» Implemented a dedicated late-
arrival trigger to eliminate
regular neutrino interactions

» Uses a 0.6 us window after the
usual BNB trigger

Phys. Rev. D 106, 092006 (2022) .



Potential upgrade with ns timing

MicroBooNE
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Phys. Rev. D 108, 052010 (2023)
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Dante Totani’s talk
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NuMI search: off-axis
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Events from HNLs
produced in the NuMI
absorber have a
specific directionality

Phys. Rev. D 106, 092006 (2022)
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Lighter heavy neutral leptons
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Lighter heavy neutral leptons
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pBooNE

1073 Simulation
_
U 107
X
K 1075
_(-g 10-6 13 cm ‘-_.'._:‘::_—.--—-_—_:_
N__<r10_7 N _> V€+€_ \
i — SIN -=- KEK E89/E104

10-8 PIENU —— PS191 vey

—— E949 —— NAG2 0
10-9] — KEKE89 == MicroBooNE N — vm
0 50 100 150 200 245
HNL mass [MeV]
nBooNE Phys. Rev. Lett. 132, 041801 (2024)

20



Lighter heavy neutral leptons

nuBooNE

Simulation

N

pair production
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Lighter heavy neutral leptons
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Higgs portal scalars Decay in MicroBooNE o 02 ,
¥
. S,.-
» Neutral smglet scalar, S Production in beam line « > .-~
s > >y > d
K { %% c, 1 } T

» Mixes with the Higgs,
parameterized by an angle 6

» Produced in meson decays in the
beam

Side view

» Decays into Standard-Model

particles in the detector NUMI target

and horns

Hadron
(not to scale) absorber

qub _



Higgs portal scalars
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Production in
the NuMI beam

Interaction in

Dark tridents

arXiv:2312.13945

the detector

» Dark matter particles, y, produced in

X decays of neutral mesons

» x particles interact in the detector,
mediated by a dark photon

v ~ Free parameters are ¢ ap and M, /M,

511

pBoo_NB
[ 748 Uses pixel-based
£ Z2lN decep learning
5 techniques

Low charge

MicroBooNE NuMI Data
Signal score: 6.358
Run: 5985, Subrun: 28, Event 1446

511

o

Wire Number



Dark tridents
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Neutron-antineutron oscillations

Neutron transforms into an antineutron
» Annihilates with a neighbouring neutron

» Produces a star-like topology of pions

We use pixel-based deep learning
techniques to identify the topology

» Achieve 70% signal efficiency

» Our techniques can improve DUNE’s
published efficiency for neutron-
antineutron searches by a factor of 7

y (Vertical direction)

z (Beam direction)

pB@ arXiv:2308.03924



Summary

Searches for BSM particles have been an integral part of
MicroBooNE's physics programme

» Heavy neutral leptons
» Higgs portal scalars
»  Dark tridents

\7%

Light sterile neutrinos

More analyses are in the pipeline

» e+e- production, axion-like particles, millicharged particles

The full SBN programme, and DUNE, will be able to expand on
these searches

We're eager for more ideas of models we can test with our data!

nBooNE

—

SIMULATION 700 MeV HNL Decay
(Mass 370 MeV)

qub _
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