
Geometry
• Describe an event vertex:  

3D vertex + time + 2 energies + two 3D directions 

• JEventVertex.hh 

• JEnergyFlow - class defining a JEnergy and JDirection3D
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Combine PDFs
• JLoadPDFs.hh: Load and add the muon 

and shower PDF components 

• Calculate the value of the PDF for such an 
event vertex: 
 - for a given hit 
 - for a given PMT 

• Based on similar code in 
JLine3ZRegressor / 
JShower3EZRegressor 

• Rotate the coordinate system separately 
for the muon and the shower
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JPDF.pdf - https://common.pages.km3net.de/jpp/JPDF.PDF



Combine PDFs

• Value of muon PDF  

• Position, direction of hit, 
calculate geometry.. 

• Calculate arrival time assuming 
Cherenkov hypothesis 
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Δt = thit − timeeventvertex − (z + R tan(θC)) * 1/c



Combine PDFs

• Similar for the shower PDF 

• Note rotating back the 
coordinate system.. 

• Muon + Shower PDF values 
added together at the end
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Δt = thit − timeeventvertex − (Dn) * 1/c



Combine PDFs
• Rotate the muon w.r.t shower and plot 

PDFs. 

• Check: narrow angle, Cherenkov angle, 
wide angle between the two 
components 

• NB: time residual on the plot is that 
w.r.t. muon hypothesis
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Combine PDFs
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Combine PDFs
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Combine PDFs
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Combine PDFs
• Rotate the shower w.r.t muon and plot 

PDFs. 

• Check: narrow angle, Cherenkov angle, 
wide angle between the two 
components 

• NB: time residual on the plot is that 
w.r.t. muon hypothesis
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Combine PDFs
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Combine PDFs
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Combine PDFs
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Combine PDFs
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Combine PDFs
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• Check E_mu / E_sh = 0 GeV cases 

• Here, both at same energy, 
fixed direction



Combine PDFs
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• E_mu = 0 GeV 

• As Maarten said,  
need to check prior to evaluating the 
energy loss, whether a track particle is 
actually above the minimum ionization 
threshold or not.



Combine PDFs
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• E_sh = 0 GeV - only see 
muon light



Combine PDFs

• Comparison using JDrawPDX tools 

• Apply conditions of model to the PDFs - no muon light from behind the vertex, E 
threshold for a MIP… even in drawing stages 

• Add PDF blurring, time-slewing correction 

• LIKELIHOOD
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