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Statistical averages
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Exponential deviate
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Exponential deviate
λ=0.1
punti in ogni campione: 10000

use many data!

average over many sequences


or

use one (longer) sequence 
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Exponential deviate
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Exponential deviate
allocate (histo(nbin, nruns))
…
do h = 1,nruns
     do i = 1,n
      …
     end do
end do     

do ibin = 1,nbin
    avrg(ibin) = sum( histo(ibin, :))



 Radioactive decay
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Statistical averages
&

time discretization



 Radioactive decay
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Atoms present at time  
Probability for each atom to decay in
Atoms which decay between      and 

t

∆N(t)

∆N(t) = −λN(t)∆t N(t) = N(t = 0)e−λt

t + ∆t

N(t)

t

λ ∆t

Purpose of the exercise: 
- fix λ (<1 since it is a probability)
- perform the stochastic simulation
- check whether N(t) has the expected behavior, also 
quantitatively, calculating the resulting decay constant from 
the data fitting and comparing with the given value of λ
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In our simulation:       1 iteration in the loop ∆t

Atoms present at time  
Probability for each atom to decay in
Atoms which decay between      and 

t

∆N(t)

∆N(t) = −λN(t)∆t N(t) = N(t = 0)e−λt

t + ∆t

N(t)

t

λ ∆t

Purpose of the exercise: 
- fix λ….

(the time step is implicitly fixed in a Monte Carlo simulation!
somehow, in this exercise we decide the time discretization by fixing λ)
but in general in the numerical simulation of a dynamical process, the 
smaller is the time step, the more accurate is the simulation

 Radioactive decay
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statistics does matter!

 Radioactive decay
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 Radioactive decay

..but not much if λ
is very small
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(from a homework of a.y. 2022/23)

 Radioactive decay

comparing results 
for different λ
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 Radioactive decay
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 Radioactive decay

?



 Radioactive decay
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recovering and commenting the results of the exercise of past week: 

(the time step is implicitly fixed in a Monte Carlo simulation!
somehow, in this exercise we decide the time discretization by fixing λ:
but in general in the numerical simulation of a dynamical process, the 
smaller is the time step, the more accurate is the simulation)

In our simulation:       1 iteration in the loop ∆t

Atoms present at time  
Probability for each atom to decay in
Atoms which decay between      and 

t

∆N(t)

∆N(t) = −λN(t)∆t N(t) = N(t = 0)e−λt

t + ∆t

N(t)

t

λ ∆t

Purpose of the exercise: 
- fix λ….



Radioactive decay

Stochastic simulations give reliable results when obtained:
- on average and for large numbers
- fine discretisation of time evolution 

(in the exercise #1: change λ; compare the value obtained from the simulation with the one inserted;  
does the “quality” of the results change with λ?)
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(Commentiamo insieme questa soluzione proposta per l’es. del decadimento radioattivo….)



17Cosa ne dite? NB guardare e valutare anche come sono stati fatti i fit….



other remarks
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INTEGER PART
nint(x)     and the others, similar but different (see Lect. II) => 
ex. II requires histogram for negative and positive data values

Arrays:
possible to label the elements from a negative number or 0:
dimension array(-n:m)   (e.g., useful for making histograms)
[default in Fortran:  n=1;    in c and c++: n=0]

ex. 2
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Array dimension:  
default : dimension array([1:]n)
but also using other dimensions e.g.:       dimension array(-n:m)

Important to check dimensions of the array when compiling or during 
execution !
If not done, it is difficult to interpret error messages (typically:  
“segmentation fault”),   or even possible to obtain unpredictable results!

Default in gfortran:
boundaries not checked; use compiler option:

gfortran -fcheck=bounds myprogram.f90
(obsolete but still active alternative: -fbounds-check)

Typing (Unix line command): 

man gfortran
you can scroll the manual pages and see the possible compilation options
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