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MiniBooNE’s Low-Energy-Excess (LEE) anomaly

MiniBooNE, PRL 121, 221801 (2018)
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MiniBooNE’s Low-Energy-Excess (LEE) anomaly
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Bothe & y

MiniBooNE detector is not able to
distinguish e  from y.

Need a different detector
technology to understand the origin
of this LEE anomaly-> MicroBooNE’s
primary physics goal



MicroBooNE’s LArTPC going after LEE

MiniBooNE, PRL 121, 221801 (2018)
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MicroBooNE’s LArTPC going after LEE

MiniBooNE, PRL 121, 221801 (2018)
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MicroBooNE’s signature LEE
analyses search for excess events
in electron and photon channel



15t round of electron LEE search Phys. Rev. Lett, 128, 241801 (2022)

Empirical eLEE model derived from MiniBooNE

MicroBooNE simulation
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801

Electron LEE search result

Events Observed / Predicted (no eLEE)

No significant excess in the v, channel!
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Phys. Rev. Lett. 128, 241801 (2022)

® MicroBooNE Observed
Non-v,. background
0 Intrinsic ve
=¥ Total, no eLEE (x =0.0)
- Total, w/ eLEE (x=1.0)

1
7

lelp CCQE leNpOn 1eOpOn leX
[200 MeV,500 MeV] [150 MeV,650 MeV] [150 MeV,650 MeV] [0 MeV,600 MeV]

Observed v, rates are consistent with
the predicted background in the low
energy region:

e Slight data deficit overall

 1eOp background dominated

The hypothesis that v, events are fully
responsible for the median
MiniBooNE-LEE is rejected at 97% C.L;
(>30 in the inclusive channel)


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801

1t round of photon LEE search: A radiative decay

MiniBooNE, PRL 121, 221801 (2018) 1ylp
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1t round of photon LEE search: A radiative decay

MiniBooNE, PRL 121, 221801 (2018) 1ylp
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3.0 of the SM rate would
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e Observed no data excess in both NC

[2]
0 T 400 NC A — NC1r° Resonant A(1232 H
80 NC A — Ny [ NC1n° Resonant A(1232) & = ley e -NC1 o (1232) A- N]/ S|gnal channels
LEE Model (x__=3.18)  |[lINCiz° DIS m odel (x,,,=3.18)  |EINC1x
@ ] o ] 0 Bccv/v, on° [l NC1r° Higher Resonances
All Other Backgrounds NC1n® Higher Resonances W .
2. Total Unconstrained Bl ccv,/v, (>0)m° Il NC1r° Coherent o ReJeCt 3X NCA_) Ny rate at 95% C L

“ Background & Error MicroBooNE ty1p Data S Total Unconstrained [ ] Al Other Backgrounds

- Background & Error

(6.80x10% POT) . .
N[t Constrained * 50-fold improvement over previous
S5 T2K limit in the sub-GeV neutrino
N S8 MicroBooNE tyOp Data
P ™ (6.80x10%° POT) range.
X Background & Error
Phys. Rev. Lett. 128, 111801 (2022) 9

Unconstrained Constrained Unconstrained Constrained


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801
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Summary of 1t round of MicroBooNE LEE results:

No excess:
- in the electron channel
- only investigated in the NC A— Ny channel

MiniBooNE, PRL 121, 221801 (2018)
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To address if
MicroBooNE
sees any excess
in the photon
channel

New round of
Photon LEE analyses

- Inclusive single photon

- Exclusive channels
- Extended NC A— Ny
- NC Coherent
- BSM decay to e'e
and y
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Inclusive photon LEE — signal definition

MiniBooNE LEE plot. -> Final states: One y-like shower + anything.

Model-independent approach: select an inclusive set of photon events that can enter the

SM (v-Ar)
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Inclusive photon LEE — event selection

Phys. Rev. D 108, 052010

First step is cosmic rejection: Innovative use of O(1 ns) timing for cosmic rejection. (First-time
application in any MicroBooNE physics analysis!)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.052010

Inclusive photon LEE — event selection

More challenging backgrounds BDT- based selection focusing on background rejection
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Inclusive photon LEE status
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Exclusive photon LEE analysis: expanding NCA — 1y

Selection
from
1st round
analysis

New
Analysis
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Different event reconstruction:
- Pandora 2D (old)
- Wirecell 3D (new)

Orthogonal selection:
- nearly double statistics.
- Expands 1ylpto 1 yNp

New analysis improves
efficiency and purity in 1y0p
channel

Target two-dimensional search
in Op / Np topologies.

Result coming soon!
MicroBooNE Public Note 1104
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1104-PUB.pdf

Exclusive photon LEE analysis: NC Coherent

Event signature:
One low energy, forward going
NC (beam direction) photon shower

Coherent :
single photon shower

Use published NC Aly selection
+ new tools to reject proton

nBooNE
\ Likely a low-energy proton at

A very rare SM process | e
. . hoton event
1/40 branching ratio ’
compared to NCA — 1y

Run: 5385, Subrun: 23, Event: 1171

MicroBooNE Public Note 1103
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Final Selection + PSV cut
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Status: sideband study and mock-data test.
SM signature beyond sensitivity reach
Probe coherent LEE explanations more generally

Result coming soon...
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1103-PUB.pdf

Exclusive photon LEE analyses —e*e” from BSM

Numerous BSM particles decay to e+e-. The Heavy Neutral Leptons

predicted colinear electron pair can look like

single photon, entering MiniBooNE’s LEE . {

I ) l_a

Inclusive photon LEE selection can be used as " 4\/Q'
the pre-selection for this exclusive final state. WS o
el Machado PR 2021

Dark Neutrinos

v
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Evtents / 1.58 ns

Exclusive photon LEE analyses —e*e” from BSM

Numerous BSM particles decay to e+e-. The

Heavy Neutral Leptons

predicted colinear electron pair can look like

single photon, entering MiniBooNE’s LEE ,
Inclusive photon LEE selection can be used as " 4\/Q
the pre-selection for this exclusive final state. Wesom

10 |
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Phys. Rev. D 108, 052010

MicroBooNE Simulation

T T T T T3
w—\ + COSMIC : : : :
w— 100 MeV HNL

=l
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Ballett Pascoli Ross-Lonergan JHEP 2017
Kelly Machado PRD 2021

Delayed arrival of heavy BSM
particle Vs. prompt neutrinos.

Time-of-flight offers a
powerful handle for rejecting

SM neutrino background.

Details see Dante Totani’s talk
on Tuesday afternoon session

Dark Neutrinos

Several ongoing BSM searches in
MicroBooNE focus on e*e final
states. e.g arxiv:2310.07660

These analyses will also help provide
constraints to photon LEE analysis
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https://arxiv.org/pdf/2310.07660.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.052010

Summary

 MicroBooNE’s 1st round LEE result
showed no excess in the electron
channel -> photon LEE search in high
stake to address MiniBooNE’s LEE
anomaly

» Several ongoing analyses searching for
excess in the photon channel

* Model-independent with inclusive
single photon: 1 y + anything else

* Exclusive photon: Updated NCAly
(SM), NC Coherent (SM), Dark
neutrino induced e*e (BSM)

* Stay tuned for new round of i
MicroBooNE result featuring LEE search Thank you:
in the photon channels!
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MicroBooNE’s powerful PID with LArTPC
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