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MicroBooNE

MicroBooNE: an 85 tonne (10x2.5x2.5 m3) liquid argon TPC
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The first of three detectors of the Fermilab Short Baseline Neutrino programme
Goals of the experiment » Searches for exotica: (This talk)
. .. — R&D for future searches
« Investigate the nature of the MiniBooNE - Neutron-antineutron oscillation
low_energy electromagnetic anomaly «  Low-energy thresholds for millicharges
Nanosecond-scale timing for massive new physics
. _ f o _ _ . — Searches for long-lived fermions and bosons produced in rare
Large-statistics v-Ar cross-section meson decays
measurements « Heavy neutral leptons
Higgs portal scalars

« R&D and long-term operations of LArTPCs _
— Investigating BSM explanations of MiniBooNE
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Why BSM in MicroBooNE?

BSM searches at the energy frontier are well
known; what can a neutrino experiment add to
our knowledge?

Neutrino beamlines offer searches in
complementary parameter space

— Most significant in the O(100MeV) New Physics
mass range

— No pT’ trigger (reduces collider sensitivities to low
masses)

High intensities — feebler coupling accessible
— E.g. O(1000)x higher POT collected than NA62

Actually taking images of interactions

— Excellent particle identification
— Anomalous high multiplicity final states are visible
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R&D EFFORT
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Neutron-antineutron oscillation

« Baryon number violating process

— Various BSM models Fredlct this process,
e.g.: (non-exhaustive list)

« Babu et al, PRD 87, 115019 (2013)
« Arnold et al, PRD 87, 075004 (2013)

« Neutron spontaneously oscillates into
antineutron

— prompt annihilation on nucleon
— multi-hadron final state

* Development of techniques and
demonstration of feasibility
— to be used in DUNE, which will have
competitive sensitivity
» Stats-only preliminary half-life
sensitivity: 3x102 years
» Paper out later this year
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Low-energy hits and millicharged particles

e Lowered hit reconstruction thresholds to

MCPs: two isolated low-energy hits pointing back to target

i 0 . ArgoNeuT, PRL
~100 keV Production (e.g.) 1°=yXx  Signal 124, 131801 (2020)
— 3x lower thresholds than previous LArTPCs
. . . . *_ __________
« Allows us to search for new physics signatures gT L DeoyPhe | om o
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Event timing for new physics

« MicroBooNE has been pioneering the calibrationof | MicroBooNE Simulation |
LArTPC event timing down to the nanosecond scale = 0.06 I I
. . . > | I
- Non-massless new physics produced in the beamline 2 | |
has delayed TOF with respect to neutrinos o 0-04 | i
. . . . . @)
— Can use this high-resolution timing to enhance BSM oozl | |
searches | g |
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https://arxiv.org/abs/2304.02076

RECENT BSM SEARCHES
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Heavy neutral leptons and Higgs portal scalars

MicroBooNE has searched for certain “Portal” mediators:
— Heavy neutral leptons
— Dark sector “Higgs portal” scalars
MicroBooNE sensitive to O(100 MeV) mass long-lived particles

mixing with the SM neutrinos or Higgs, produced in rare kaon or
pion decays

Can search in BNB or NuMI; NuMI also has kaons decaying at rest
in the beam dump at the end of the decay pipe

— Unique, striking signature of monoenergetic HNLs or scalars entering
MicroBooNE at an obtuse angle
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2022 HNL result

» New strategy: search for HNLs produced in the NuMI beam
dump

g SIMULATION KDAR Absorber 104
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Higgs Portal scalars

 For first results, searching for e*e- pairs from
the decay of a <200 MeV scalar boson
« Using a BDT-based analysis
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We observe 1 event in signal region,
with 2.04£0.8 expected background
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Higgs Portal scalars

* Set world’s best limit for scalar masses ~ 7t° mass
— Region where peak search experiments, like NA62, lose sensitivity

e This was with 10% of our NuMI dataset; further search results to come!
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Dimuon decay mode

» We also adapted the HNL search (mu-pi decays) to search for
scalars
— Muons & pions look almost identical in our detector

 Set world-leading direct limits for masses ~210-270 MeV
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(NEAR) FUTURE BSM PROSPECTS
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Dark matter (in the beam)

- Dark matter could be produced
in neutral meson decays in our

beams

e Other experiments have
searched for elastic scattering e EEEEEE L o A
Slgn?’tures (eleCtron or nuCIGar (Minimal model: one DM species; one U(1) dark gauge)
reCOII) —— MicroBooNE CNN —— MicroBooNE BDT

10°-°

NA48/2 BaBar

« We will be searching for
inelastic signatures

— e*e” production in “darkstrahlung”

10°¢

1077

MICROBOONE-NOTE-1118-PUB

scattering, aka “dark tridents” % 0
 Sensitive to new regions of the
parameter space
 Search results coming this year

My [GeV/c?]
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MiniBooNE 3+1 hght neutrinos

» For a (1+1) nue appearance | o otyor| | st g g
only analysis, we are sensitive " _— of Mot ) >
to tﬁe whole LSND/MB | | o < \
allowed region LR 5 L s s S
« Extending to a 3+1 model, ' L5004 tows e
there is cancellation between P eI G SV L
nue appearance and lntrlnSIC sin‘20,. PRL 130, 011801 (2023) Sin’20,,
nue disappearance e o
» Degeneracy can be broken by i |||
using NuMI data |
— Different L/E ST
— Larger intrinsic nue | | i ooom
contribution I
L T R
$in‘29,, MICROBOONE-NOTE-1116-PUB.
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https://inspirehep.net/literature/2167334
https://microboone.fnal.gov/document/microboone-note-1116-pub/

MiniBooNE: ete” explanations

asymmetric e*e” pairs
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MiniBooNE signatures

MANCHESIER  nBooN
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MiniBooNE saw an excess of low-energy electromagnetic activity
— Cherenkov detector cannot tell apart electrons from photons or from collimated or

Since ~2018, theorists have been building many models involving e*e-
production in MiniBooNE

MicroBooNE has already been pioneering e*e” searches in LArTPCs as part of
our BSM programme; can begin to explore MiniBooNE space

21 July 2023
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Newer BSM models

« Over past few years, theorists have been having DM Upscattering X Dark Primakoff
new BSM ideas for explaining MiniBooNE beyond p X o b, a y
light sterile neutrinos = v, = VP

. : ’ e '
* Models involving dark lepton sector & dark U(1) Vs I~ z
auges; ; OT even > > > >
ark-matter based solutions unrelated to neutrinos N N N N
(plus many others...)
. Dutta et al, PRL 129, 111803 (2022)
HNL Upscattering yH/N 2HDM Upscattering oHDM Vector boson fusion
vy Wf\"l Yy gd U, A V4
g \\h/ : )
\\ ¥ ¢ ZI

H/n ; /
/ , h< 2m%, cosd/v' > - L -
Y z G
: y©sind
N(k) HAN N(¥)

- - === — -

Target Y, N 9B IV
Bertuzzo et al, PRL 121, 241801 (2018) Dutta et al, PRD 102, 055017 (2020) Abdallah et al, JHEP 12, 188 (2020)
Ballett et al, PRD 99, 071701 (2019) Abdallah et al, PRD 104, 055028 (2021)

Abdullahi et al, PLB 820, 136531 (2021)
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https://inspirehep.net/literature/1683968
https://inspirehep.net/literature/1685775
https://inspirehep.net/literature/1808523
https://inspirehep.net/literature/1798929
https://inspirehep.net/literature/1822452
https://inspirehep.net/literature/1799198
https://inspirehep.net/literature/1950189

MicroBooNE ete searches

— ° —~ | € w0 A— ° Resonan
» These e*e” signatures may V| & “F v ooe [Wincwos | Mayhave
. . o CC\DI Bcc v, o [l NC 12° Higher Resonances Sf)me ere
look like single photons in S| wbficcysooe  [WINCwooeen pe signal
. 3 250 -7 Background & Error [CJ Al Other Backg‘rouy Efflmeilcy |
certain phase space T = , ere already
— We may have some sensitivity — |§| «| | vicwaoone yop o
— (6.80x107° POT)
° 50 > Total Constraine
to these models in our photon = . N Eeiround & Eror
Unconstrained Constrained

measurements

Single photon search

» We are also developing
dedicated searches for these
models

— Stay tuned for first results
coming later this year
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. . . . . 10~
*  MicroBooNE is not only a neutrino oscillation or PRD 106, 092006 (2022)
cross-section experiment, but has a strong BSM 10~
programme too Bl i ey B
— Wide variety of New Physics models are accessible o e
« R&D effort to enable world-leading BSM searches: s T
— Development of reconstruction techniques for n-nbar 073 e
oscillation searches BN e Sy }
— Pushing low-energy hit reconstruction thresholds to T alorane) (20221 NaMI POT-7.01 & 1020
unprecedented levels 107 2 o s > o
— Timing resolution at the ns-scale, best for any LArTPC HNL Mass [MeV]
- Demonstrated competitive capabilities of searching ;
for dark matter, long-lived particles or gl)ortal 10 * reinterpretation \ /
mediators, from high-intensity meson decays g gecntialvals
— Published competitive searches for heavy neutral - PRL 127, 151803 (2021)
leptons and scalars, with more on the way very soon | \
— Have competitive sensitivity to sub-GeV dark matter © 03
produced in the beam

ﬁ-rﬂrif"‘

* Aiming to release first results on MiniBooNE- [ oI5 nplimmmmrpreneese
targeted BSM e*e” searches in the coming year
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Scalar mass mg (MeV/c®)
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ADDITIONAL SLIDES
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MiniBooNE anomaly

MiniBooNE detector

Electron Ch,erenk'év fiﬁg in-MiniBooNE

» Long-standing 4.7-sigma
excess of electron-neutrino-like
interactions in MiniBooNE

 Mineral o1l Cherenkov detector

— Cannot distinguish electrons Hel
from photons

* Is excess due to electron
neutrinos appearing in the
muon neutrino beam? Or
photons? Or some other
electromagnetic activity?

, MiniBooNE Collaboration, .
L Phys. Rev. D 103, 052002 (2021) |- - s
L

. Electron-like =
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Single electron results

« No significant excess is observed

— Some deficits, except for least sensitive,
most background dominated channel

 Single-electron-alone explanation for
MiniBooNE is ruled out at >97% CL

—~ 25 PRL 128, ® MicroBooNE Observed
w = Non-ve background
wl e
d 241801 (2022) Intrinsic ve
8 — /&4, Total, no eLEE (x=0.0)
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https://inspirehep.net/literature/1953251
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