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Overview of MicroBooNE LEE results: 

MiniBooNE’s 4.8𝝈 LEE anomaly
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𝒆

4.8𝜎 excess

Electron LEE v1.0 (2022) Electron LEE v2.0 (2025)

𝜸



MiniBooNE’s 4.8𝝈 LEE anomaly
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𝒆

4.8𝜎 excess

Phys. Rev. Lett. 128, 241801 (2022)

Phys. Rev. D 105, 112003 (2022)

Phys. Rev D 105, 112004 (2022)

Phys. Rev. D 105, 112005 (2022)

Phys. Rev. Lett. 135.081802 (2025)

Phys. Rev. Lett. 128, 241801 (2022)
Phys. Rev. D 105, 112003 (2022)
Phys. Rev D 105, 112004 (2022)
Phys. Rev. D 105, 112005 (2022)

Phys. Rev. Lett. 135.081802 (2025) 

No Excess in the electron channel, excluding 
MiniBooNE LEE as 𝜈𝑒’s at > 99%CL

Overview of MicroBooNE LEE results: 

𝜸

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112005
https://arxiv.org/abs/2412.14407


MiniBooNE’s 4.8𝝈 LEE anomaly
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𝒆

4.8𝜎 excess

𝜸

NC ∆→ 𝑵𝜸 

No excess 
observed, exclusion 
of 3X NC ∆→ 𝑵𝜸 at 

94.4% C.L.

No excess observed, 1st 
world limit on NC 
coherent photon

arxiv. 2502.05750
(2025)

arxiv.2502.06091 
(2025)

Overview of MicroBooNE LEE results: 

NC Coherent 𝜸

Two new results in the 
exclusive photon search!

http://arxiv.org/abs/2502.05750
http://arxiv.org/abs/2502.06091


Quick summary of MicroBooNE LEE results so far: 

No excess:

- in the electron channel

- in the exclusive photon channels: NC ∆→ 𝑵𝜸 and NC Coherent
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𝜸

𝒆
4.8𝜎 excess

?

Focus of this talk 

Inclusive photon - cast a wide 
net to search for anomaly in 
any process that produces a 
single 𝛾, to definitively answer 
if MicroBooNE sees photon 
excess

To address if 
MicroBooNE 

sees any excess 
in the photon 

channel

arxiv.2502.06064 

http://arxiv.2502.06064/
http://arxiv.2502.06064/
http://arxiv.2502.06064/


Model-independent approach: 

Search for an inclusive set of photon events that can enter the MiniBooNE LEE anomaly
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Final states: One photon shower + anything (1𝜸X)

Track 
- No muon track* 

- Any number of 
proton tracks**
 

Inclusive photon LEE – signal definition  

* MiniBooNE vetoes muon events but NOT 
efficient in detecting muons below 100 MeV. 
𝜇 < 100 𝑀𝑒𝑉 is allowed in our signal definition

** Defined as protons with true 
kinetic energy above 35 MeV (can be 
reconstructed in MicroBooNE).



Model-independent approach: 

Search for an inclusive set of photon events that can enter the MiniBooNE LEE anomaly
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Final states: One photon shower + anything (1𝜸X)

Track 
- No muon track* 

- Any number of 
proton tracks**
 

Shower
- 1 photon-like shower
- 20 degrees angle threshold
- 20 MeV shower energy 
threshold

<20 MeV

Inclusive photon LEE – signal definition  

* MiniBooNE vetoes muon events but NOT 
efficient in detecting muons below 100 MeV. 
𝜇 < 100 𝑀𝑒𝑉 is allowed in our signal definition

** Defined as protons with true 
kinetic energy above 35 MeV (can be 
reconstructed in MicroBooNE).



Inclusive photon LEE – signal processes 

What can be the signals from SM?

NC 𝜋0 → 1𝛾

Exit detector

NC Δ → 1𝛾 + Xp 
(or 𝜂, 𝜌0…)

𝜈𝜇CC → 1𝛾

 

𝜇
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Below 100 MeV
low detection eff. in MB

Below 20 MeV

Out of FV

Open angle < 20°

proton

Five 1𝛾X signal processes in SM
𝑁𝐶𝜋01𝛾 (40%),  𝑁𝐶∆1𝛾 (2%),   𝑁𝐶 Other 1𝛾 (1%),   𝜈𝜇𝐶𝐶 1𝛾 (9%),   Out of FV 1𝛾 (46%) 



Inclusive photon LEE – signal selection 

NC 𝜋0 → 1𝛾

Exit detector

NC Δ → 1𝛾 + Xp 
(or 𝜂, 𝜌0…)

𝜈𝜇CC → 1𝛾

 

𝜇
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Below 100 MeV
low detection eff. in MB

Below 20 MeV

Out of FV

Open angle < 20°

proton

To select SM - 1𝜸X signal:

Four BDTs targeted on rejecting 𝜈𝜇𝐶𝐶,   Outside of TPC,   𝑁𝐶𝜋0,  𝜈𝑒𝐶𝐶  backgrounds 

(details in the backup slides) 

Signal efficiency - 7%, purity - 40%, flat across kinematic variables



Inclusive photon LEE – final selected data arxiv.2502.06064

After unblinding:

• Observed 678 data events
• Predicted 608 SM events
• Shower energy and angle 

show good agreement 
between data and 
prediction within error

All selected 1𝛾X data events 
displayed in one picture! 

http://arxiv.2502.06064/
http://arxiv.2502.06064/
http://arxiv.2502.06064/


Inclusive photon LEE – final selected data arxiv.2502.06064

Constrain systematics
𝜈𝜇𝐶𝐶 and 𝑁𝐶𝜋0 sidebands 

to constrain systematics of 
signal prediction

After unblinding:

• Observed 678 data events
• Predicted 608 SM events
• Shower energy and angle 

show good agreement 
between data and 
prediction within error

http://arxiv.2502.06064/
http://arxiv.2502.06064/
http://arxiv.2502.06064/


Inclusive photon LEE – Result (constrained)

- Observed 678 data events, 114 events more than constrained prediction (564 ± 26 (stat.) ± 51 (syst.))
- Data is consistent with the constrained SM prediction to within 1.6𝝈
- Excess is concentrated in low energy and forward angle

arxiv.2502.06064

http://arxiv.2502.06064/
http://arxiv.2502.06064/
http://arxiv.2502.06064/


Inclusive photon LEE – Result (ROI)

Number of Proton Tracks*

*Protons is defined as above 35MeV MicroBooNE reconstruction threshold

Excess only in the zero proton bin!

ROI - 0 proton with shower 
energy below 600 MeV

Also use the 0p portion of 
the sideband events for 

constraints

- Data excess of 93 ±𝟐𝟐 𝒔𝒕𝒂𝒕. ± 𝟑𝟓(𝒔𝒚𝒔𝒕. ) 
- 2𝝈 deviation from constrained prediction in ROI

arxiv.2502.06064

http://arxiv.2502.06064/
http://arxiv.2502.06064/
http://arxiv.2502.06064/


Inclusive photon LEE – Result (excess event features)

Kinematic feature of excess events:
- Without proton in the final state
- shower energy below 600 MeV
- mostly forward going

Compare shower energy of the 2𝝈 excess 
(data minus constrained prediction) to the 
scaled five signal processes, best agreement:
• 𝑁𝐶 𝜋01𝛾 X 2
• Out of FV 1𝛾 X 1.6

As a example of unlikely source for the 
excess, NC ∆ 1𝛾 needs to scale up by a factor 
of 10, and also has a different shape in 
shower energyarxiv.2502.06064

http://arxiv.2502.06064/
http://arxiv.2502.06064/
http://arxiv.2502.06064/


MicroBooNE photon excess Vs. MiniBooNE LEE

A “simple model of MiniBooNE LEE-𝜸”

1. Unfold MiniBooNE excess (in shower 
energy and angle) to true photon 
shower kinematics

2. Scale 𝛾 excess from MiniBooNE to 
MicroBooNE by [number of 
nucleons]* together with other 
detector differences

3. Propagate the 𝛾 excess through 
MicroBooNE analysis on top of the 
SM predictions.

arxiv.2502.06064

MiniBooNE LEE-𝛾 model 
prediction smaller than 

observed excess!*many assumptions can go into the scaling factor when 
constructing the MB LEE model in uB. 

http://arxiv.2502.06064/
http://arxiv.2502.06064/
http://arxiv.2502.06064/


MicroBooNE photon excess – What’s next?

A mild 2𝝈 excess in the inclusive single photon analysis 
narrows down the ROI at zero proton below 600 MeV 
shower energy. 
Need deeper look at this ROI for exclusive photon-like 
search targeting on specific process, this could include 
BSM processes that produce single photon and e+e-

Observe no excess of e+e – signal, placed world first direct bounds on 
the dark neutrino model and excluded the majority of the model 
phase space motivated by MB anomalies at 95% C.L. 

arxiv.2502.10900

http://arxiv.org/abs/2502.10900


Summary of MicroBooNE’s LEE search

• Observed no excess in the electron channel 
(exclusion at 99%CL with full dataset)

• Inclusive photon LEE search:
•  general agreement with SM prediction

• 2𝝈 excess at ROI (zero proton & < 600MeV)

• Excess shape similar to “NC𝜋01𝛾” (X2) or 
“Out-of-FV 1𝛾” (X1.6)

• No excess in exclusive 𝛾/𝑒+𝑒−search 
investigated so far: NC ∆→ 𝑁𝛾, NC Coherent, 
and Dark neutrino

• Four new papers featuring MicroBooNE LEE 
search on arXiv!

Thank you!
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arxiv.2502.06064 arxiv. 2502.05750 arxiv.2502.06091 arxiv.2502.10900

http://arxiv.2502.06064/
http://arxiv.2502.06064/
http://arxiv.2502.06064/
http://arxiv.org/abs/2502.05750
http://arxiv.org/abs/2502.06091
http://arxiv.org/abs/2502.10900


backup
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-> Four BDTs targeted on background rejectionAfter Cosmic Rejection, S : B ~ 1 : 50

Inclusive photon LEE – signal selection 

- 1𝛾X efficiency: 7%

- 1𝛾X purity: 40%

- Efficiency/purity flat across 
kinematic variables, as 
designed for an inclusive 
photon LEE search to probe a 
wide phase-space.  

arxiv.2502.06064

http://arxiv.2502.06064/
http://arxiv.2502.06064/
http://arxiv.2502.06064/


Inclusive photon LEE – sideband constraints 

Shower energy of 
𝜈𝜇𝐶𝐶 Sideband

Shower energy of 
𝑁𝐶𝜋0 Sideband

Full correlation matrix:
- Flux
- Xsec
- Detector 
- MC stat.
- Dirt

Sidebands (left 
side of the BDT 
scores) used for 
Data/MC 
validation and 
signal constraints

arxiv.2502.06064

http://arxiv.2502.06064/
http://arxiv.2502.06064/
http://arxiv.2502.06064/
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𝜈𝜇𝐶𝐶 BDT 𝑁𝐶𝜋0 BDT

Four BDTs targeted on background rejection

“Other” BDT

𝝂𝝁𝑪𝑪 

Cosmic/
out FV 

𝑵𝑪𝝅𝟎

PASS

PASS

PASS

Used for Sideband 
Constraints

Used for Sideband 
Constraints

Inclusive photon LEE – signal selection 



Inclusive photon LEE – signal selection
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𝜈𝑒𝐶𝐶 BDT

𝜈𝑒𝐶𝐶 

Last BDT: e/𝛾 separation

   Final cut: requiring exactly 1𝛾 reco shower

    S : B ~ 1 : 1

PASS to the 
final cut

Blind analysis, this only 
uses ~2% of the full dataset











What this means to theory... 
1e1p 1eNp 1eX 1𝜸1p 1𝜸0p ...

NC𝛾 Incoherent A. Ioannisian, 1909.08571 - - - + +
NC𝛾 Coherent 
L Alvarez-Ruso et al 2018 J. Phys.: Conf. Ser. 1056 012001

- - - + +

Light dark photon E. Bertuzzo et al, 1807.09877

Signature: forward boosted e+e- shower
- - + + +

Heavy dark photon P. Ballett et al, 1903.07589

Signature: showers + proton + gap
- - + + +

O(100MeV) Heavy sterile neutrino radiative decay
Gninenko, PRL 103, 241802, L Alvarez-Ruso et al 2018 J. 
Phys.: Conf. Ser. 1056 012001

- - + + +

O(1eV) sterile neutrino oscillation (strong tension 
with LBL 𝜈𝜇 disappearance data)

+ + + - -

...

SM x-sections
(NC Δ𝜸)

Dark neutrinos 
kinetic mixing

(NC e+e-)

Sterile 
Neutrinos 

(𝜸 or e)

Models manifest differently in event rates and kinematics. Sidebands checks are crucial to differentiate the models. 
Discussion between theorists and experimentalists are very helpful to complete this table.  

Models
MicroBooNE 
analyses
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My talk from CERN neutrino week in 2019!

https://arxiv.org/pdf/1909.08571.pdf
file:///L%20Alvarez-Ruso%20et%20al%202018%20J.%20Phys./%20Conf.%20Ser.%201056%20012001
file:///L%20Alvarez-Ruso%20et%20al%202018%20J.%20Phys./%20Conf.%20Ser.%201056%20012001
file:///L%20Alvarez-Ruso%20et%20al%202018%20J.%20Phys./%20Conf.%20Ser.%201056%20012001
https://arxiv.org/pdf/1807.09877.pdf
https://arxiv.org/abs/1903.07589
file:///L%20Alvarez-Ruso%20et%20al%202018%20J.%20Phys./%20Conf.%20Ser.%201056%20012001
file:///L%20Alvarez-Ruso%20et%20al%202018%20J.%20Phys./%20Conf.%20Ser.%201056%20012001
file:///L%20Alvarez-Ruso%20et%20al%202018%20J.%20Phys./%20Conf.%20Ser.%201056%20012001
file:///L%20Alvarez-Ruso%20et%20al%202018%20J.%20Phys./%20Conf.%20Ser.%201056%20012001
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