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Recap
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Goal and Motivation

● Statistical correlation r (Xmax ,Y) where Y→observable dependent on 
the muon density from the UMD.

● Provide a measure of the spread of masses in the primary beam → 
Mixed composition or pure compositions?

● High energy HIM?

● Minimize the effect of the muon deficit and use a parameter similar 
to the number of muons.

● Reduces the dependency on the High energy HIM used.
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Mass sensitive observable Tb for the UMD

● For each event with N stations,

● Uses the muon density from the UMD

● Does not require a fit for the muon lateral distribution function (MLDF)

r0 = 450 m
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Merit factor

Separation of proton and iron showers with Tb,

MDSDSSD standard applications used to simulate and reconstruct events.

Using the bootstrap method to calculate the errors,
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  Tb for fixed energies
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  Tb for continuous energies

θ > 30°

θ [0°, 30°)∈
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  Tb for continuous energies

θ > 30°

θ [0°, 30°)∈

b ≈ 1.5
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Discrimination power of T1.5 

 log(E/eV)  [18, 18.2) ∈
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Mean of T1.5

No dependence with θ Linear with energy
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Xmax

● Xmax - atmospheric depth where the number of particles in the air shower 
reaches a maximum value.

● Difficult to simulate Offline MD – FD hybrid events

● Work around → Xmax taken directly from the shower and fluctuate it with 
a Gaussian of mean = 0 and a standard deviation from ICRC 2017.

● Xmax resolution as a function of energy for standard FD,
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Xmax vs T1.5 

Original data set Data set with artificially 
introduced outliers
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Correlation factor for a composition mixture
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Statistical uncertainty
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Correlation coefficient for a proton-iron composition 
mixture for different HIM



16

Comparison between single use and reused showers6

6 A.D. Supanitsky, et al., Effect of multiple reusing of simulated air showers in detector simulations, Astropart. Phys. 30 (2008) 264–269



17

Outlook and conclusions

● A new mass sensitive observable Tb was defined for the UMD.
● A value of b ≈ 1.5 was found to give Tb the optimum separation power.
● The correlation parameters τ and rG were found to be unaffected by 

outliers and the most efficient in terms of low standard deviation.
● Next step → consider a composition model with the four different mass 

fractions (p, He, N and Fe) from Auger data and apply the analysis to 
study its capability to distinguish between pure and mixed composition 
scenarios.

● Future work → Apply the method to data when we have enough statistics
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Thank you 
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Backup
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Thesis outline

} Completed

} Work in progress

} Start of 2024
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Comparison of the muon content of the UMD data
and simulations

● Muon density at 450 m from the shower axis obtained from the 
average muon LDF
– Calculate the muon density from data
– Calculate the muon density from simulations
– Define the z-scale
– Compare different z values

● Analysis on muon LDF
– Compare the shape of the muon LDF obtained from simulations and data
– Analyze how the shape depends on the parameters
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Simulations

● Monte Carlo shower library used : infill library in the KIT cluster 1

● Low Energy Hadronic Interaction model - UrQMD

● High Energy Hadronic Interaction Models - EPOS-LHC and QGSJetII-04

● Primaries – Iron, proton, Helium, Nitrogen

● Uniform distribution  16.8 ≤ log(E/eV) ≤ 18.7∈
● Isotropic distribution of zenith angles 0° ≤ θ ≤ 48°

1 GAP2023-004 using bwForCluster BinAC
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Offline UMD reconstruction strategies

● MLDF reconstruction strategy - Original likelihood 1

● Counting strategy - Inhibition strategy (GAP 2022-001)

● Pattern finding strategy - Consecutive in window strategy (constant 
window consecutive-rows-of-ones criteria).

● Bias parametrization applied outside Offline 2 ,

1 A.D.Supanitsky, et al., Underground muon counters as a tool for composition analyses, Astropart. Phys. 29, Issue 6 (2008) 461-470
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Comparison of bias parametrizations
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Pearson Product moment correlation coefficient (r)

Spearman’s Rank Correlation coefficient (rs)

For a sample of size n, the n raw scores Xi , Yi are converted to 
ranks R(Xi) and R(Yi),



26

Kendall Rank Correlation Coefficient (τ)

concordant → ranks agree in terms of their order

discordant →  ranks disagree in terms of their order

Gideon and Hollister Rank Correlation Coefficient (rG)
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