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The Aim 

• To measure the speed of cosmic ray 

muons analysing data collected by the 

Telescopes. 
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Data Download 

We downloaded data collected by two Telescopes: CERN-02 and ALTA-01 
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C++ Programming with Root 
We started C++ programming using Root.  

 

1) ROOT is a  Framework developed at CERN  

     (see the web site http://root.cern.ch)  

2) It’s completely developed in C++ 

3) It supports a collection of classes  useful for data analysis 

4) The IDE is based on the C++ interpreter, CINT 
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Root for Windows 

• Which Release we used? root_v5.34.36.win32.vc12 
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C++: an introduction 

• Our Teacher Mr. Ricchiuti explained, during our 

lessons, the basics of C++ programming: 

• Data types;  

• Declaring variables; 

• Decision Making  

• Loop Types 

• Arrays  

• Functions 

• Classes and Objects 
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Notepad ++ 

The Fields TimeOfFlight and TrackLength 

are separated in CSV files using  "," , we 

have substituted each comma with \tab 

using the freeware software Notepad ++. In 

this way the file has a record layout ready to 

be read by root  
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Notepad:  

importing data from a CSV file 
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Notepad: replacement 
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Histogram of the speed 

• We calculated the speed of muons as 

the ratio TrackOfLength / TimeOfFlight, 

creating a frequency histogram about 

the distribution of the speeds  
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Gaussian Fitting:  

10.000 events (1) 

We obtained the gaussian fitting writing 

the line of code:   hist -> Fit("gaus"); 

The centroid of the curve is the average 

speed of cosmic rays muons. We found a 

value very close to the speed of light, 

about 28,5 cm/ns. But the distribution is 

not perfectly a Gaussian function.   

11 



Gaussian Fitting:  

10.000 events  -CERN 02 
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Changing Telescope: 

Altamura 
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3 millions events – CERN 02 
What happens? We have to increase the number of 

bins to reduce the ratio ChiSquare/ndf.  
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CUT ChiSquare <3 
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Multi-fitting 

We tried to fit using two gaussian 

functions the interval [16-29] and the 

interval [29-42]. The result is this one: 
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Data Analysis in Excel: CERN-02 
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The fitting in Excel:  

about 1 million events 
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Counting Negative values of the speed: 

CERN02 
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CONCLUSIONS 

 The position of the centre of the peak in the 

distribution in velocity of muons is a value very close 

to the speed of light ( we found about 29 cm/ns); 

 Choosing a cut with ChiSquare <3, the fitting with a 

gaussian function slightly improves; 

 Inside the data we found negative values of the 

velocity due to electrons produced as decay products 

of cosmic muons stopped in the ground; 

 Probably the best fit for the distribution of the speeds 

is a double fitting with two gaussian functions. 

 

 

20 



THANK YOU  

FOR YOUR ATTENTION! 

Teachers  

involved in EEE Project: 

Antonella Azzone 

Francesco Cirrottola 

Domenico Ricchiuti 

Student Speakers  

Maria Nicassio 

Domenico Rinaldi 

Classes 

III A III B III C IIIASA 

IV A IV B IV C IV ASA IV BSA 

VB VC VD VE 

 

21 


