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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
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MicroBooNE

MicroBooNE: an 85 tonne (10x2.5x2.5 m3) liquid argon TPC
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180 collaborators
36 institutions
5 countries
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- e i e L S Booster neutrino beam (MB excess)
The first of three detectors of the Fermilab Short Baseline Neutrino programme
Experimental goals Outline of this talk . oo e 1P ke el oo b
- Investigate MiniBooNE excess ’ LAI'TPC& e/g separation Dee 3};;\’4 da S in pos el:[S lyl. t
- Neutrino cross sections . Smgle photon search avid Marsden — heavy neutral leptons
_ BSM searches * Single electron searches Luis Mora — dark matter
_ LArTPC R&D * Oscillation fits Natsumi Taniuchi — kaon cross section

e BSM models
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Charge vs time
information on
multiple planes
allows for 3D
reconstruction
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e/y separation

Electron-photon separation is achieved with multiple handles

— Electrons are attached to the interaction vertex
— Photons convert some distance away from the vertex

— Photon pair production induces twice as much charge at the beginning of
the track relative to single electrons

uBooNE

. candidates

b, Candidate

Proton
Candidate

(Data - MC) /MC
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v, *1 proton candidate data event
Run 8617 Sub 6 Event 2328 01 2 3 4 5 6 _ 7 8 9 10
Atterly/ SIS AL R P Leading Shower dE/dx (Collection Plane) [MeV/cm]

PRD 104, 052002 (2021)

NC #° + 1 proton candidate data
eventRyn 15318 Subrun 159 Event 7958
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https://inspirehep.net/literature/1840373

 We search for

single photons
from NC A
radiative decays

We set 90% CL

limit on scale factor
relative to nominal
production rate at

2.3

Exclude the 3.18
factor alone
required for MB
excess at 2-sigma
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- background could
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NC A — Ny
LEE Model (x,_=3.18)

[_] Al Other Backgrounds
z«. Total Unconstrained

~ Background & Error

3.18 scale factor

? ' Proton
(or lack of)

Photon
Shower

Unconstrained

Pawel Guzowski - IOP 2023

I NC1x° Resonant A(1232)
B NC1° DIS

[l NC1=° Higher Resonances
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[] All Other Backgrounds
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https://inspirehep.net/literature/1937333

Investigating single electron production

Run 6046
Subrun 72

* Three independent
analyses using different
reconstruction
paradigms and
targetting different

final states

— Deep Learning, for
1 electron + 1 proton,
CCQE kinematics

— Pandora*®, for
1 electron and any
number of protons

— , for inclusive
1 electron final states

*names of reconstruction frameworks
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HIP

Deep Learning: PRD 103, 052012 (2021)
Pandora: EPJC 75, 439 (2015)

: JINST 13, 05032 (2018)
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Investigating single electron production

Run 6046 HIP
Subrun 72

* Three independent S

Y-plane

analyses using different
reconstruction
paradigms and
targetting different

final states

— Deep Learning, for
1 electron + 1 proton,
CCQE kinematics

— Pandora*®, for
1 electron and any
number of protons

— , for inclusive
1 electron final states

cm

*names of reconstruction frameworks
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BNB Run: 16341 Subrun: 27 Event: 1359

Deep Learning: PRD 103, 052012 (2021)
Pandora: EPJC 75, 439 (2015)
: JINST 13, 05032 (2018)
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Investigating single electron production

Run 6046 HIP
Subrun 72

* Three independent S

Y-plane

analyses using different
reconstruction
paradigms and
targetting different

final states

— Deep Learning, for
1 electron + 1 proton,
CCQE kinematics

— Pandora*®, for
1 electron and any
number of protons

— , for inclusive
1 electron final states

cm

*names of reconstruction frameworks
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BNB Run: 16341 Subrun: 27 Event: 1359
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Deep Learning: PRD 103, 052012 (2021)
Pandora: EPJC 75, 439 (2015)

: JINST 13, 05032 (2018)
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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
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w = Non-ve background
wl e
d 241801 (2022) Intrinsic ve
8 — /&4, Total, no eLEE (x=0.0)
= 2.0 1 —  Total, w/ eLEE (x=1.0)
Q
]
L
D 1.5-
j -
o
S~
°
g S S S S S S S S S S S S, s
c 1.0 ¥ B 7 -
%]
£ ¢
o
%]
= 0.5 A
[}
>
w
0-0 T T T T
lelp CCQE leNpOmn 1e0p0m leX

[200 MeV,500 MeV] [150 MeV,650 MeV] [150 MeV,650 MeV] [0 MeV,600 MeV]

3 April 2023



https://inspirehep.net/literature/1953251
https://inspirehep.net/literature/1953539
https://inspirehep.net/literature/1954070
https://inspirehep.net/literature/1953568
https://inspirehep.net/literature/1954070

Oscillation fits — numu dissappearance

700

> Data/) Pred = 1.08 + 0.13 = BNB vi‘; fﬁ?fkfiiiﬂégg .
» Using the Deep Learning CCQE oSO e Numu
. CCQE
analySIS spectrum

* Muon neutrino spectrum data
is consistent with prediction
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-
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— No significant deviation is
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Oscillation fits — nue (dls)appearance

- For a 1+1, nue appearance | D I e ﬁ
only an aly51s we are sensitive " _— T I S
to tﬁe whole LSND/MB s | | < \
allowed region LI e csror S
- Extending to a 3+1 model, " oot s
there is cancellation between il ] il I
nue appearance and lntrlnSIC "6 PRL 130, 011801 (2023) "%
nue disappearance e ]
» Degeneracy can be broken by i B
using NuMI data | |
— Different L/E S
— Larger intrinsic nue | | i ooom
contribution I
sin‘29, MICROBOONE-NOTE-1116-PUB.
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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)
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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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® MicroBooNE Observed

| PRL 128 » MicroBooNE was designed to test the
| 241801(2022) o To roatzer-0 electromagnetic nature of the MiniBooNE
anomalous excess

So far, we do not see an excess of single
photons or single electrons

* We can use our data to perform sterile
neutrino oscillation fits
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Y F *s, == == Sensitivity, profiling .
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s | N -

ERE * We have begun to search for BSM models

= involving electron-positron pair

5 10 _ I LSND 90% CL (allowed) prOduCthn

> o — First results expected very soon...
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ADDITIONAL SLIDES
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Prospects for the near future

- These first results are using ~1/~ . N
of our final dataset B T T,
— Full dataset results expected soon... . e B
» Improvements to reconstruction =) L,_)FJ
— Improved efficiencies, background Il [h J« i Hll l H o
rejection oo LRI ‘H " .
» Inclusive, coherent single photon IR R A A A
analyses |
— NC-A search was fine tuned for MICROBOONL- UL 1102-FLI
A Invariant mass + i Lt
 e*te- models: kinematics, opening m nclusive single photon
angles, invariant masses, if signal is oo (o datase)
observed : | S
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