
- Finding unstable periods in the High Voltage system -
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Deep Underground Neutrino Experiment

Determine CP violation in neutrino sector

Investigate supernovae

Search for proton decay 2



Liquid Argon Time Projection Chamber 

(LArTPC)

• Collision produces ionizing particles

• High-voltage electric field induces 

particle drift

• Anode grid absorbs electrons:

• Measure current

• Particle trajectories reconstructed from 

signal
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ProtoDUNE

• Located at CERN

• Largest existing prototype for LArTPC

• At the surface 

• littered with cosmic radiation

(muons)

• Does not measure neutrinos

• Main goal: understand detector performance
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Collects data about:

(Examples)

• Temperature of the 

Cryostat

• Purity

• Pressure of the LAr

• Voltage between the wire 

planes

*And 30 000 other sensors

Detector Control System

Data needed for reco

but granularity too high
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Original Analysis

• Voltage drops  Unstable

• Constant voltage  Stable

• Only interested in “ Beam ON ”

• Unstable periods ignored for 

further data analysis

Summary Plot of Run1 (Kevin Wood)

Stable periods

Unstable periods
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Original Analysis

• Values averaged over a second

• Cut based on handpicked values:

• Resistance

• Voltage

Stable:       86,25 %

Unstable:  13,75 %
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• 50+ millions data points

• Python "for" loop over all data points
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2-Dimensional Clustering
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• My first approach with pandas instead of “for” loops: 

• Stable phases as cluster in Voltage & Current

• Pick Hyperparameters: match original efficiency

• Problem: no time dependency
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Final algorithm

• Sliding window of  variance and slope

• Hyperparameters:

• Window width

• Variance

• Result: intersection of  stable voltage and current

Stable:       85,02 %

Unstable:  14,98 %
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• Reproduced and understood original analysis

• Sped-up code: replaced python "for" loops with pandas/numpy

• Improved analysis algorithm  

• Now consider time dependence as additional feature 

• New set of stable / unstable time periods will make 

ProtoDUNE analyses more reliable    

Results

10



Thank you
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GitHub repo of  a project

https://github.com/esorokun/HVAnalysis
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Additional plots
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Stable:       86,25 %

Unstable:  13,75 %
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N = 500 N = 1000

Values fluctuation
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3 time periods separation 
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1 period
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2 period
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3 period
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