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Neutrinos

(oscillated!)

• What are they?
• Neutrinos are 1

2
 spin fundamental particles.

• Notoriously difficult to detect.
• Hypothesized to have zero mass and charge.
• Exist in mass quantity.

• Why do we care?
• Explicitly break Standard model assumptions

(Have non-zero masses)
• Potential portal to beyond standard model 

physics.
• Ability to answer fundamental questions

(baryogenesis, Dark matter, and Supernovae) 10
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Neutrino oscillations

• Neutrinos Oscillate between flavors as they traverse space
• Mass eigenstates are transformed into flavor states by the PMNS matrix.
• Probabilities are given by constant values experimentally acquired

(∆𝑚31
2 , 𝜃13,𝜃23)
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Neutrino oscillations

• Neutrinos Oscillate between flavors as they traverse space
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Neutrino experiments

• Experiments occupy different neutrino energy ranges, based on 
sources
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Neutrino experiments

• Reactor: Double chooz, KamLand
Ricochet + many others.

16



Neutrino experiments

• Solar: Super-K, SNO+, BOREXINO
+ many others.
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MiniBooNE

• MiniBooNE is a Cherenkov detector experiment at Fermilab 
designed to observe neutrino oscillations

• BooNE, stands for Booster Neutrino Experiment
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MiniBooNE
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MiniBooNE

• MiniBooNE is a Cherenkov detector experiment at Fermilab 
designed to observe neutrino oscillations
• MiniBooNE saw an excess in low energy events.

23



MiniBooNE

• MiniBooNE is a Cherenkov detector experiment at Fermilab 
designed to observe neutrino oscillations
• MiniBooNE saw an excess in low energy events.
• MiniBooNE did not have the capability to explain why.
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chamber (LArTPC) neutrino experiment located on the Booster 
neutrino beamline at Fermilab.
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• MicroBooNE is a large 170-ton liquid-argon time projection 
chamber (LArTPC) neutrino experiment located on the Booster 
neutrino beamline at Fermilab.
• One of MicroBooNE’s goals was to investigate the low energy event 
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MiniBoone MicroBooNE

• MicroBooNE is a large 170-ton liquid-argon time projection 
chamber (LArTPC) neutrino experiment located on the Booster 
neutrino beamline at Fermilab.
• One of MicroBooNE’s goals was to investigate the low energy event 

excess in MiniBooNE. 
• A possible explanation is the existence of a fourth neutrino mass state 

that doesn’t interact weakly. This is referred to as a sterile neutrino.
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Sterile Neutrinos

• Neutrinos Oscillation changes when a fourth flavor is introduced.
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Sterile Neutrinos

• Neutrinos Oscillation changes when a fourth flavor is introduced.

• MicroBooNE operates at L
E

≈ 0.5 (km/GeV)
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Sterile Neutrinos

• Neutrinos Oscillation changes when a fourth flavor is introduced.
• Any Nue appearance beyond background is evidence for steriles!
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PROfit

• PROfit is a framework for fits of 
short-baseline neutrino oscillation 
and Beyond Standard model
physics models.

• Developed by Mark Ross-Lonergan 
and co.

• https://github.com/markrosslonergan/Elephant_Vanishes.git
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PROfit

• Takes in processed data and looks at the systematic uncertainty 
of our Monte-Carlo prediction.
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PROfit

• How to fit a given physics model so we can understand what the 
data tells us about the model (within our systematic uncertainty!)
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Exclusion plots

• Exclusion plots tell us the available parameter space for steriles.
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Exclusion plots

• Exclusion plots tell us the available parameter space for steriles.
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∆𝑚41
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Exclusion plots

• Exclusion plots tell us the available parameter space for steriles.
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• Each point assumes that the truth value is 
given. 

• Points to the right of the curve are excluded 
given MicroBooNE/fitting data(to a certain 
level). 

• Points to the left are allowed (to a certain 
level)



Numu disappearance

• Half of my work was in studying numu disappearance (related to 
𝜇 → e, s, 𝜏). The goal being to improve over the WireCell selection 
with BAGELS.
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Numu disappearance

• Wire-Cell is a 3D event reconstruction package for liquid argon 
time projection chambers.

42



Numu disappearance

• Wire-Cell is a 3D event reconstruction package for liquid argon 
time projection chambers.
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Numu disappearance

• BAGELS (Broad Analysis of General ELectromagnetic Showers) 
developed BDT(Boosted decision trees) event selections, with 
inputs from Wirecell and other reconstruction frameworks.
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The goal
• The Wire Cell selections are the standard for further studies.
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The goal
• I started by looking at Numu disappearance
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Studies of PROfit channels

• There is a tree structure to the channels that we are looking at.
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Studies of PROfit channels
• Numu Disappearance
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Studies of PROfit channels

• Additional constraints:
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Studies of PROfit channels
• Numu Disappearance
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Studies of PROfit channels
• Numu Disappearance
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The goal
• We need to investigate this behavior for the other 2 modes.
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The Goal

• However to do a 3+1 model search, we need a simulated fully 
oscillated numu to nue sample.
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The Goal

• However to do a 3+1 model search, we need a simulated fully 
oscillated numu to nue sample.

• These take computational power, time, and resources to do. 

• What if there was a way to approximate this full osc sample?
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The Goal The Task

• Generate a nue appearance sample from preexisting numu 
samples. 
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The Goal The Task
• Generate a nue appearance sample from preexisting numu 

samples
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The Goal The Task
• As the beam started out in numu, we have to keep the flux 

systematics from numu.
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3+1 model studies.
• First glimpse of a 3+1 model with a generated full osc sample.
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3+1 model studies.
• First glimpse of a 3+1 model with a generated full osc sample.
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3+1 model studies.
• The Wire cell selection has a 7-channel section of
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3+1 model studies.
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3+1 model studies.
• Bagels differ fundamentally from wireCell in the way channels 

are constructed.
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3+1 model studies.
• Bagels differ fundamentally from wireCell in the way channels 

are constructed.
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3+1 model studies.
• First glimpse of a 3+1 model with a generated full osc sample.
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Future plans

• Fully Validate the Full Osc sample(compare with completed 
dedicated simulation).

• Include numu to nue cross section ratio weighting (already 
completed, need to implement).

• Include NuMI (higher energy neutrino source), to the full osc sample.

• Expanding to different oscillation models, such as 3+2.
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Conclusion.
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3+1 model studies.
• Plot Mania
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3+1 model studies.
• First glimpse of a 3+1 model with a generated full osc sample.
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