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Motivation & Introduction

ÅHadronic showers have a complex structure and are theoretically not as well understood as 

electromagnetic showers.

ÅOne important way to understand the shower is to measure shower profiles from the start point of 

the shower.

ÅThe longitudinal and radial profiles of showers can be investigated with excellent accuracy, due to 

fine segmentation.

ÅElectromagnetic processes are used to validate the implementation of the detector simulation and 

to cross check the detector calibration. 

ÅA comparison between data and Geant4 simulation for hadron showers allows to test the Geant4 

models with hadronic interactions. 
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Longitudinal shower development 
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ÅὸŬ: Increase in secondary particles 

Å expīɓὸ: At larger depth absorption dominates

Å The max position increases slowly with E0 ( ~ lnE)
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Longitudinal shower development 
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Shower maximum (tmax) = 

ÅὸŬ: Increase in secondary particles 

Å expīɓὸ: At larger depth absorption dominates

Å The max position increases slowly with E0 ( ~ lnE)
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Longitudinal shower development 
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Energy (GeV) Shower max position 

(X0)

10 1.9

40 3.2

80 4.9

ÅὸŬ: Increase in secondary particles 

Å expīɓὸ: At larger depth absorption dominates

Å The max position increases slowly with E0 ( ~ lnE)

Shower maximum (tmax) = 

10 GeV Data 

MC

Data 

MC

Data 

MC40 GeV 80 GeV

Parameters from the fit extracted from data samples

fit function does not describe maximum well
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Ratio of longitudinal profiles
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Å MC and data agree within (10-15%).

10 GeV 40 GeV 80 GeV

layer from shower start in X0 layer from shower start in X0 layer from shower start in X0
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Shower length

Å ᾀςṋ ᾀ ς gives the  length of the shower.

Å Both data and MC are fitted using a crystal ball function to get 

the mean of the distribution.

Å Length of the shower increases as ln(E).

Å Some showers are long some are short
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Longitudinal

40 GeV 80 GeV10 GeV

Data 

MC
Data 

MC Data 

MC

pbeam , 

GeV/c

Shower length (mm)

Data MC

10 82.0 81.8

40 91.6 90.0

80 95.8 93.8

fit function does not describe maximum well
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Radial shower development

Radial profile is the distribution of the energy density as a function of the radial distance to the shower 

centre of gravity.

It can be parametrised with the sum of a ñcoreò componentclose to the shower axis and a ñhaloò 

component distant from the shower axis:
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Energy weighted shower centre,

Radial distance, xi , yi are the position of the centre of the ith cell

ei is the hit energy energy in the ith cell

where,

Acore and Ahalo: Scaling factors 

ɓcore and ɓhalo: slope parameters

ǧE is the energy density, and æS = 2ˊræris the area of a ring of width ær at a distance r from the shower axis

https://iopscience.iop.org/article/10.1088/1748-0221/11/06/P06013/pdf

https://iopscience.iop.org/article/10.1088/1748-0221/11/06/P06013/pdf
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Radial shower development
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10 GeV 40 GeV 80 GeV

Data 

MC

Data 

MC
Data 

MC

pbeam , 

GeV/c

Acore ȁcore Ahalo ȁhalo

10 0.34 10.72 0.004 35.43

40 1.52 9.98 0.019 33.83

80 3.05 10.16 0.036 34.10

Parameters from the fit extracted from data samples

The bin width of the histogramôs horizontal axis corresponds to the 

dimension of the AHCAL tile, i.e.3 × 3 cm2
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Ratio of radial profiles
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Å Larger difference observed between data and MC for radius above 200 mm.

Å The Geant4 simulations predict a higher density in the halo of the shower than observed in data. This effect 

is roughly same with increasing beam momentum

10 GeV 40 GeV 80 GeV

Radial distance to shower center (mm) Radial distance to shower center (mm) Radial distance to shower center (mm)

shower is wider in MC than in data
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Longitudinal shower development 

Å The longitudinal profiles for hadron showers can be parametrised with a two component function:

Å Sum of two Gamma-functions, describing the shower development .

| AHCAL Shower shapes | Olin  Pinto | 02nd Oct 2019

A - scaling factor

f - fraction of the ñshortò component

ũ- gamma function

z - distance from the shower start

Ŭshort and Ŭlong - shape parameters

ɓshort and  ɓlong- slope parameters

Ånear the shower start position (ñshortò component, is closely 

related to the electromagnetic content of the shower) and 

Åin the shower tail (ñlongò component, is closely related to the 

pure hadronic content of the shower).

https://iopscience.iop.org/article/10.1088/1748-0221/11/06/P06013/pdf

https://iopscience.iop.org/article/10.1088/1748-0221/11/06/P06013/pdf
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Longitudinal shower development 
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Data 

MC

Data 

MC

Data 

MC

10 GeV 40 GeV 80 GeV

10 GeV little or no short component 

pbeam , 

GeV/c Ŭshort ɓshort Ŭlong ɓlong f

40 3.46 0.20 1.07 1.53 0.17

80 4.29 0.19 1.30 1.57 0.19

Parameters from the fit extracted from data samples
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Ratio of longitudinal profiles
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Å Data and MC agree well with each other except at larger depths.

Å The longitudinal ratio profiles for data and simulations agree with each other at the level of 20%.

40 GeV 80 GeV10 GeV
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Shower length
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Longitudinal

10 GeV 80 GeV40 GeV

Data 

MC
Data 

MC

Data 

MC

pbeam , 

GeV/c

Crystal ball mean (mm)

Data MC

10 158.8 166.3

40 173.1 172.0

80 182.2 184.1



Page 18

Radial shower development
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10 GeV 40 GeV 80 GeV

Data 

MC

Data 

MC
Data 

MC

pbeam , 

GeV/c

Acore ȁcore Ahalo ȁhalo

10 0.05 22.23 0.005 65.24

40 0.81 15.66 0.301 63.32

80 0.35 16.99 0.017 63.59

Parameters from the fit extracted from data samples
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Ratio of radial profiles
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Å Larger discrepancy between data and MC at larger radii for 10 GeV.

Å For 40 and 80 GeV, MC and data agree within 20 ï40 % .

10 GeV 40 GeV 80 GeV

Radial distance to shower center (mm) Radial distance to shower center (mm) Radial distance to shower center (mm)

shower is wider in MC than in data
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Shower radius

| AHCAL Shower shapes | Olin  Pinto | 02nd Oct 2019

Radial

Å Shower radius is calculated w.r.t shower axis in each event. 

Å Radius decreases with energy (higher e.m. fraction).

10 GeV 40 GeV
80 GeV

Data 

MC
Data 

MC

Data 

MC


