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Status of the software and perspectives  
Some acceptance studies   
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Reminder  

 Geant4 based software  
 

 Located :  
 https://lapp-svn.in2p3.fr/subversion/groups/lc/Tumulus 
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https://lapp-svn.in2p3.fr/subversion/groups/lc/Tumulus


Status of the software  
 Versatile setup where the geometry can be parametrized 
 Tumulus  
 Dimensions  
 Material (density)  

 Monument  
 Dimensions 
 Position  
 Material  

 Detector 
 Dimensions  
 Position / Orientation  
 Nb of chambers/detectors  
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Too versatile ! -> MetaData ntuple  
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The setup  is  identified by the 
run number  



Other (rather) recent additions  

 Sensitive detector was added  
 Allows  to perform a “digitization” with PadSize 1cm  
 (to add noise, attenuation etc )  

 
 PrimaryGeneratorAction  
 Several option available  from data cards  
 Monokinetic – pointing to the detector  
 A la “Yannis”  
 A la “Corinne” 
 Interface to CRY generator  
 Acceptance  (see later)   
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A la “Yannis”   
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 Random smearing in Z, Y and 
direction around a nominal 
incidence  

 Energy  randomly taken from a 
distribution generated  by CRY  



A la “Corinne”  
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 Generate the direction randomly  on the 
surface of the detector in limited θ and ϕ 
range.  

 Range can be limited to the monument, to 
the tumulus etc … 

 Extrapolate back on the other side of the 
tumulus and change direction.  

 Energy is randomly taken from a (θ, E) 
distribution generated by CRY 
 



Maximum range in θ and ϕ 
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Φ  [-π/2 ; π/2] 

Θ [π/2;π]  

Ratio of the number of tracks reaching 
the detector hole  
to the number of generated tracks   
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Kept for  compatibilty  
(Eventually will be 

suppressed) 

Info concerning the 
generated particle  
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True information : in 
particular   length traveled 

par the cosmic ray in 
different media 



< rho > = Σrho*L/Ltot 

Th_rec 

Phi_rec 

Monument 
with air inside  

<Rho>  

• 4 detectors 
• Reconstructed 

direction 
• RhoSoil = 2.2 
• RhoMarbre = 2.8  
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Response of the detectors  



Further developments  

 Several detectors  
 

 Used the true geometry for the tumulus 
 Seems possible to interface it with Geant4  
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Geometrical acceptance studies  
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Essentially based on the paper below published in 
1971  



Counting rate through a surface  

Main simplification :  
 E dependence can be decoupled  

from θ 
 Flux Isotropic in Phi  

 
>>  J(E,ω,x,t)  =  J0 (E)*F(θ) 

 
 Detector efficiency == 1 
(and does not  depend on E , time 
position , particle type)  
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This  Geometrical factor  cannot be calculated 
independently of the shape of the flux F  



Examples : Geometrical 
factor of an horizontal 

surface  
 F(θ) = 1  

 
 
 
 
 

F(θ) = 1 ;Isotropic  
Typically cosmic rays 
in space. 
 
F(θ) = cos2(θ) 
Cosmic muons on 
earth 
 
 
 

G G 

G 
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We don’t have just a surface but 

a detector!    

Calculated in the case of 
Isotropic flux shape  !  
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Cross-checks (1) 
 Use our simulation (forget about tumulus)  
 Last option of PrimaryGeneratorAction  

 Generate Isotropic particles  (F(θ) = 1) on a vertical surface S . 

G   =   Nrec/Ngen  *  Agen    
Generation Surface 

of  1.2 * 1.2  
At 1cm from the 
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Agen = π S m^2.sr  



 Sullivan formula 
with  
 a = 1m  
 l = 3 m 

 
G = 0.103 m^2.sr  

G =  0.108 m^2.sr  

25/07/2016 Corinne Goy  20 



Some cross-checks (2)  

Sullivan’s formula with  the 
pad dimensions 
A = 5cm  
L  = 115 cm  
 
G  =  0.047 cm^2.sr    
 
G*16*16 =  12.03 cm^2.sr  

25/07/2016 Corinne Goy  21 



Useful case:  
F(θ) = cos2(θ)  
Generation on a 
vertical plane  
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G   =   Nrec/Ngen  *  Agen (= π S /8 m2.sr )  

G = 0.00096  m2.sr 
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Number of muons per hour from CRY 
in the acceptance  

• Flux =  92 muons/m2.s  
– 317 muons/ hour  (Efficiency = 1)  

• > 1 GeV : Flux = 73 muons/m2.s  
– 252 muons / hour 

• >  60 GeV : Flux =  0.7 muons/m2.s  
– 2.7  muons / hour in the acceptance of 

the detector  
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Check that CRY flux is generated as cos2(θ)  

 Generation on horizontal plane so :   

The differential theta 
distribution must follow the 
function of theta in red  

25/07/2016 Corinne Goy  25 

 



Theta distribution of the CRY particle  
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Inclined detector (to be 
checked)  

 

25/07/2016 Corinne Goy  27 α (rad)  
 

G
ai

n 
w

ith
 re

sp
ec

t t
o 

th
e 

ho
riz

on
ta

l p
os

iti
on

  



Conclusion 

 The simulation program was  consolidated: 
 Improve the “digitization” step with customable 

granularity.  
 Interface with other cosmic generators  
 Interface with “real” geometry  

 
  The geometrical acceptance is understood and computable. 
 Optimization of inclination,  length of the detector 

depending of the position …  
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Geometrical factor of a 
surface  

 

F(θ) = 1  
Isotropic flux  - typically cosmic rays in 
space  
 
F(θ) = cos^2(θ) 
Cosmic muon  on earth   

This cannot be 
calculated 

independently 
of the shape 

of the flux  
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PrimaryGeneratorAction  
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