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The MicroBooNE Experiment

● Located in Fermilab, Chicago

● 170 ton Liquid Argon Time Projection Chamber 

(LArTPC)

● Charged particles traversing the detector ionize 

electrons, which produce scintillation light

● Constant electric field causes ionized particles to 

drift until reaching sense planes (clusters of wires)

● Researchers can reconstruct particle trajectories 

from the time of the scintillation light and 

placement of the charge along the wires

Single photon event display, MicroBooNE

MicroBooNE’s cryostat, housing the 
rectangular TPC
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MicroBooNE: Low Energy Excess

● Observed in MiniBooNE, now 

investigated in MicroBooNE and SBND

● Suggested interpretations predict it 

could be detected as single-photon or 

single-electron shower in the LArTPC

● Focus on single-photon production

○ NC Δ production, followed by 

radiative decay

○ NC coherent production

○ Heavy Neutrino Decay
The MiniBooNE collaboration, Phys.Rev.Lett.102:101802 
(2009)
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Heavy Neutrinos

● Produced through neutral current muon neutrino 

interactions (mixing factor U
µh

)

● Transition magnetic moment µ
tr

 determines 

lifetime of 𝜈
h
: 𝜏𝜈h

 ∝ µ
tr

-2 

My Project

● Generated events with DarkNews generator[1] to 

explore kinematics

● Used generated data to simulate events in 

MicroBooNE

● Selected 𝜈
h
 signal in the detector by applying 

gLEE single photon selection tools developed for 

a coherent single-photon search (which has 

similar signature)

S.N. Gninenko, Phys. Rev. Lett. 103, 241802 (2009)

[1] M. Hostert et al, [arXiv:2207.04137 [hep-ph]] (2022) 4
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Bounds on 𝜈h mass and transition magnetic moment

Confidence regions (95% CL) for MiniBooNE 

excess from 𝜈
h
 decay (calculated from subtracting 

predicted oscillation excess from total excess). 

Overlapping E𝜈
QE and cos𝜃 95% CL regions (black 

star) are near d = 2.8x10-7 GeV-1, mN = 376 MeV

(d = dipole moment =  transition magnetic moment)
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How does m𝝂h affect kinematics of decay?

Greater mass →  wider 
distribution of energies, less 
forward decay 

𝜇
tr

 = 2x10-10 GeV-1, |U𝜇h
|2 = 1.5x10-9

m𝝂h
 = 200 MeV

m𝝂h
 = 400 MeV

m𝝂h
 = 500 MeV

m𝝂h
 = 600 MeV

𝜇
tr

 = 2x10-10 GeV-1, |U𝜇h
|2 = 1.5x10-9

m𝝂h
 = 200 MeV

m𝝂h
 = 400 MeV

m𝝂h
 = 500 MeV

m𝝂h
 = 600 MeV
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How does 𝝻tr affect kinematics of decay?

Shape of decay angle and energy 
distribution is very similar for 
different values of 𝜇

tr

Area normalized

m𝝂h
 = 400 MeV , |U𝜇h

|2 = 1.5x10-9

𝜇
tr

 = 1x10-15GeV-1

𝜇
tr

 = 2x10-10 GeV-1

𝜇
tr

 = 3x10-9 GeV-1

𝜇
tr

 = 3x10-8 GeV-1

m𝝂h
 = 400 MeV , |U𝜇h

|2 = 1.5x10-9

𝜇
tr

 = 1x10-15GeV-1

𝜇
tr

 = 2x10-10 GeV-1

𝜇
tr

 = 3x10-9 GeV-1

𝜇
tr

 = 3x10-8 GeV-1
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Where do the 𝜈h decays take place?

Difference 
between 𝜈

h
 

production 
and decay 
positions

cryostat LArTPC

𝜇
tr

 = 3e-7 GeV-1

𝜇
tr

 = 3e-7 GeV-1
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- Coherent 
production: 

𝜈 + N →𝜈 + N + 𝛾

- Area normalized
- Single photon 

production is more 
forward for 𝜈

h
 decay

- Conclude that 
kinematics are 
similar enough to 
use coherent tools 
to look for 𝜈

h
 signal 

in detector

Coherent Production vs Heavy Neutrino Decay

m𝜈h
 = 400 MeV,  |U

µh
|2 = 1e-9, µ

tr
 = 3e-7 GeV-1
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Thanks Guanqun for the coherent single photon data!
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Generating Events in MicroBooNE (with overlay)

● Input: 1230 events that decayed inside active TPC
● m𝜈h

 = 400 MeV,  µ
tr

 = 3x10-7 GeV-1, |U
µh

|2 = 1x10-11 
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Dark News (HEPevt format) simulates heavy neutrino events on Argon → LArSoft (artroot format) 
simulates decay products in uBooNE through Geant4, DetSim, and performs reconstruction → 
Single Photon Module  (ntuple format) applies selection

True Energy of photon (GeV) True Energy of photon (GeV) True Energy of photon (GeV)
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Selecting Events and Rejecting Backgrounds

- Used a similar template to coherent selection

- Want to look for 𝜈
h
 decay signal in the MicroBooNE detector

- Topological selection: 0 tracks, 1 shower

- Precuts

- 1. “Michel Cut” - removing events with a reconstructed shower energy below 30 MeV. This 

removes reconstructed showers from muon decay electrons (Michel Electrons)

- 2. Shower start contained in SCB - removing events with a reconstructed shower start less 

than 2 cm away from space charge boundary

- Booster Decision Trees (BDTs)

- Cosmic Rays (remove events if they are cosmic induced)

- BNB (background BNB events)

- NC 𝜋0  (decays into two gamma rays, one is not reconstructed)

- Hardest to reject

- DarkNews predicts around 20 events for a POT of 1.225x1021 in active volume. For 6.91x1020 POT 

(Run 1-3) we expect around 11 events.

11
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Data/Monte Carlo (MC) Comparison
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Signal vs Background - applying BDT cuts

Cosmic BDT score cut positions BNB BDT score cut positions NC 𝜋0 BDT score cut positions

Background rejection efficiency
Signal selection efficiency

Final Cuts: 
Cosmic: 0.4439 BNB: 0.5053 NC 𝜋0: 0.3742

Background rejection efficiency
Signal selection efficiency Background rejection efficiency

Signal selection efficiency
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After BDT cuts

Cosmic BDT Score
BNB BDT Score

Cosmic BDT Score BNB BDT Score

NC𝜋0 BDT Score

NC𝜋0 BDT Score
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Signal 
Efficiencies 

Signal efficiencies for the NC 𝜈
h
→ 

𝜈𝛾 decay. Topological and combined 
efficiencies are calculated relative 
to true heavy neutrino events in the 
active TPC in the simulation. 
Pre-cuts and BDT efficiencies are 
calculated relative to the number of 
events in their respective preceding 
stage. The NC 𝜋0 cut was eliminated 
due to low statistics. 15
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Signal 
Selection

Topological Cut

Precuts

Post-Cosmic Cut

Post-BNB Cut

- For 6.91x1020 POT, 
we predict around 11 
events in the active 
volume; after 4 stages 
of selection, we 
expect to observe ~1 
event above a 
background 
prediction of 88

16
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Selection Efficiencies for all Backgrounds

Heavy Neutrino Selection
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● Selection efficiencies calculated 
with respect to events passing 
topological selection

● Final selection efficiency for 
coherent single photon events 
using the coherent single photon 
optimized selection is 44.71% 
(relative to topological selection)

● Precut efficiency isn’t actually 
100%, but is rounded due to 
small sample size
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Future Work

Still to do..

● Improving selection efficiency

○ Currently running jobs on the grid that will (increase signal statistics, which is 

expected to help with BDT training and optimizing the signal efficiency. 

○ Improving selection efficiency of NC 𝜋0 BDT, making a weaker cut

○ Training BDTs on Runs 1-3, not just Run 1

● Generating samples with a range of mass, transition magnetic moments, and mixing 

parameters to select a best-fit parameterization of 𝜈
h
 single photon production

18
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Conclusions

● This work presents the first attempt at determining MicroBooNE’s sensitivity to 

signal photon production via 𝜈
h
 with transition magnetic moment

● This work also outlines a method to select 𝜈
h
 signal in the detector, with a final stage 

efficiency of 32.35% relative to topological selection

● At 6.91 x 1020 POT, our signal significance is 0.118𝝈 for  ~1 signal event and ~87 

background events

● Further optimization and improvement is anticipated
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