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lower energy. Among these LEHMs are UrQMD and Fluka, and for HEHMs there are EPOS-LHC and

QGSJetII-04, both tuned to the latest LHC data.

1.3 Extended air shower simple models

In modelling the electromagnetic shower, the Heitler model can be applied to calculations of number of

particles and energy to qualitatively analyse them [10] (Figure 1.5). It is surprisingly simplistic because

it is predicated on the assumption that a particle with some initial energy interacts, which results in the

pair production of two particles, each with half of the initial energy. These interactions occur after a given

distance (interaction length) is travelled, and happen for all particles in the same layer simultaneously.

Because the overall energy per particle decreases for each subsequent layer, the shower ceases after this

energy falls under the critical energy.

Figure 1.5: Schematic of the Heitler model for an electromagnetic cascade (left), and a hadronic shower
(right) (figure taken from J. Matthews [11]).

Since for each layer all particles split into two, for a given layer n we have N = 2n particles. And since

each of them carries half the energy of their parent particle, all particles have E = E0/N = E0/2n,

where E0 is the energy of the particle that initiated the shower. Particle pair production stops when the

energy carried from all particles is lower than the critical energy, ⇠ec . More specifically, ⇠ec is the energy

such that radiative losses become lower than collisional losses, and in the air it has a typical value of 85

MeV. Hence, the maximum number of particles in a shower, Nmax is related with the initial energy by

E0 = ⇠ecNmax, so that

Nmax =
E0

⇠ec
. (7)

This represents an important result that the number of particles in a shower is directly dependent on the

energy of the primary particle. Taking this result and, knowing also that Nmax = 2nc , where nc is the

layer where the critical energy is achieved, we get that

nc =
ln
⇣

E0
⇠ec

⌘

ln 2
. (8)

We can also get the size of a shower by measuring the length of each layer. The distance, d, travelled in

a layer is given by

d = �r ln 2, (9)

where �r is the radiation length that is dependent on the medium in which the particle propagates through.

Essentially, this value is the distance over which an electron loses half of its energy. Since nc is just the

total number of distances travelled in each layer, we know that the depth where the electromagnetic
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Shower reconstruction

Baseline design : the unit station 

Pb
RPC

WCD

– Resistive Plates Chamber
• Sensitive to charged particles
• Good time and spatial resolution
• Improve geometric reconstruction
• Explore shower particle patterns at 

ground

– Water Cherenkov Detector
• Sensitive to secondary photons and 

charged particles
• Measure energy flow at ground
• Improve trigger capability
• Improve gamma/hadron discrimination

– Thin lead plate
• To convert the secondary photons
• Improve angular  reconstruction
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CORSIKA showers

Geant4 simulation
(LATTESsim)

Reconstruction analyses
(LATTESrec)

Baseline design : the unit station 
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– Resistive Plates Chamber
• Sensitive to charged particles
• Good time and spatial resolution
• Improve geometric reconstruction
• Explore shower particle patterns at 

ground

– Water Cherenkov Detector
• Sensitive to secondary photons and 

charged particles
• Measure energy flow at ground
• Improve trigger capability
• Improve gamma/hadron discrimination

– Thin lead plate
• To convert the secondary photons
• Improve angular  reconstruction
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Shower reconstruction
✧ Detector simulation output

✧ Format is a ROOT tree
✧ Methods to access specific simulated shower 

parameters
✧ WCD signal
✧ RPC hits
✧ Detector configuration and parameters
✧ Shower simulation parameters

✧ Reconstruction tool
✧ Several modules to reconstruct the shower

✧ Geometry
✧ Energy
✧ Gamma/hadron discrimination

✧ Lightweight and easy to re-process for higher 
level analysis
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LATTES software

✧ LATTES software has been tested and is 
currently running at:
✧ Our laptops ;-) [MACOS]
✧ Lisbon cluster [SL6]
✧ Prague cluster []
✧ Rio de Janeiro interactive machines (CBPF) 

[Ubuntu16]

✧ The codes are relatively modular and 
documentation can be obtained via Doxygen
✧ Just run: doxygen Doxyfile
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LATTES documentation
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LATTES documentation
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LATTES documentation
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LATTES SW distribution
✧ If you want to install LATTES SW register at:

✧ git02.ncg.ingrid.pt
✧ Then send us (bernardo@lip.pt, ruben@lip.pt) your 

username so that we can give you permissions
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LATTES @ gitlab
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Example: get LATTESrec
✧ git clone <https://….>
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All info there!
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Manage permissions
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Summary
✧ Modular end-to-end simulation framework

✧ From showers to high-level analysis
✧ Realistic and detailed description of the LATTES 

concept using Geant4 - LATTESsim
✧ Optimization studies
✧ Test different designs

✧ Reconstruction algorithms integrated in a single 
module – LATTESrec
✧ Allows high-level analysis

✧ LATTESsim and LATTESrec available in gitlab
repositories + doxygen documentation
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Backup slides
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Reconstruction efficiency

Before quality cuts After quality cuts
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RPC	based	muon	hodoscope for	
precise	studies	of	the	Auger	WCD	

RPC	hodoscope

RPCs	in	the	field	@	Auger

Construction	and	Assembling	
RPCs

DAQ	Engineering	prototypeRPC	developments
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MARTA hodoscope at GN

Top RPC

Bottom RPC

Gianni
Navarra
WCD

Ongoing developments and tests on RPCs, electronics 
and read-out systems
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