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Breve annuncio per studenti di particelle 
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• Ogni anno la CSN1 (esperimenti ad acceleratori) dell’INFN offre O(10) borse 
di 3 mesi per progetti in lab internazionali:  
CERN (Svizzera), KEK (Giappone), Fermilab (US), PSI (Svizzera), BEPC (Cina) 

• Sono rivolte a laureandi e/o neolaureati magistrali.  

• Progetti: presentati da ricercatori/prof. solitamente verso ottobre/novembre, 
generalmente legati a progetti di tesi.  

• Bando esce a dicembre/gennaio, risultato selezione a fine marzo.  
Il progetto puo’ essere fatto nel periodo da aprile a fine ottobre.                 
Per farvi un’idea, vedete quello del 2025.  

• A Trieste abbiamo avuto un buon record di studenti vincitori.                                   
Se interessati per il 2026, meglio prendere contatti già verso ottobre. 

https://web.infn.it/csn1/index.php/it/
https://web.infn.it/csn1/index.php/it/notizie/news/127-borse-trimestrali-2025


Previous lesson
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• Done a very quick (and incomplete) refresh of C++.  
NOT sufficient to learn C++. Enough for this course. 

• You will learn writing macros through the examples  
for the realistic analysis we will do together. 

• The realistic analysis uses Belle II data. We will search for the 
rare decay. B0 → K+π−



Data from Belle II
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• We start from a txt file which contains the momenta of candidates kaon and 
pion of selected events, as measured in the centre-of-mass (CM) of the 

.  

•  candidates are searched for by computing the invariant mass 
of the kaon-pion system: the signal should peak at the expected  mass.   

• In  decays, each -meson energy is  in the CM.  
Since this energy is well known*, we will use it in the mass calculation: 

                                     

* 

Υ(4S)

B0 → K+π−

B0

Υ(4S) → BB B s/2

M = s/4 − | ⃗p*B |2

s ≃ 10.5794 GeV



Our data
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px*
K π
py* pz* px* py* pz*



Reading the data
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• Need to read the data from the txt file: write a script for this. 

• Check that we are correctly reading the file: 

• do I open the correct file? 

• check the first 10 events (10 lines) while reading 

• do I read all events? 

                                   



Reading the data
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• Let’s look at the macro readData.C 

                                   

Avoid writing std:: 
all the times 

when using objects from 
the standard C++ library 

if(condition)  
statement 



Reading the data
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• Nothing special …  

                                   



Reading the data
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• The interesting part 

                                   while(condition) 
statement 

use cin operator 

to exit the loop when reaching 
the end of the file



Reading the data
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• Closing…  

                                   

• The output is



Plot a distribution
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• Take histoPx.C

ROOT class for histograms of double 
variables, you will use it a lot

An empty space, to draw object on it

https://root.cern.ch/doc/master/classTH1D.html
https://root.cern.ch/doc/master/classTCanvas.html
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• Take histoPx.C

That’s all folks!

Plot a distribution
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• Get information from the histogram

Make a canvas, draw there,

Save in a pdf (or jpeg, gif, .C…)

Plot a distribution
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• The output

Plot a distribution



15

• Plot the histogram yourself. 

• What does it happens if: 

‣ you use 40000 (or 4) bins? 

‣ you change the x-axis range? 

• Let’s explore the histogram “live”

Plot a distribution



Setting a (default) drawing style
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• Can put some default setting in a macro called rootlong.C 
• No need to call the macro, it is loaded by default. 



Saving data in a ROOT format
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• Can save data (and any ROOT object) in a compressed 
binary form in a ROOT file.  

• ROOT provides a tree-like data structure, extremely powerful 
for fast access of huge amounts of data. ROOT files can 
have a sub-structure: they can contain directories. 

• The file is in a machine-independent compressed binary 
format, including both data and their description



Data structures
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• Simple model: many copies of the same linear data-structure  
(a “record”), ending up into a bidimensional data structure (a “table”).  

• The tables are named “n-tuples”, as in mathematics,  
the records are called “events”, as in physics,  
and the column headers are called “variables”, as in computer science.  

• ROOT provides more than n-tuples, “tree”: same data structure used in 
OS to save files into folders that may contain other folders.  

• A tree have “branches”: simple variables or more complex objects  

• A variable is the end point of a branch, a “leaf” in the ROOT jargon.



Make a Tree
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• Take makeTree.C

Class TTree 

Class for ROOT files

https://root.cern.ch/doc/master/classTTree.html
https://root.cern.ch/doc/master/classTFile.html


Make a Tree
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• Here it is the structure of our tree:
Variables I want to put in, 

to be referenced in the tree

List of branches with their 
leaves: here we put a leaf for 
each branch, a very simple 

structure

Constructor 



Make a Tree
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• Fill the tree



Make a Tree
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• Save in a ROOT file. We can also store the histogram. 



Make a Tree
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• The output 

• Try it and  
then explore 
the tree with 
TBrowser



Take home messages
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1. We learnt how to read a txt file to take input data  
(formatted as a table “columns of variables, rows of events”).  

• Always double check what you are reading.  

2. Convert (immediately) your data into a TTree  

• It enables easier inspections. Check the data  
in an interactive ROOT session. 

3. We learnt also how to plot an histogram.  
This is usually done after knowing what we want/expect to see. 



Exercises
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1. We still have to see a signal peak… Modify the macro to plot the histogram of : 

A. For each event, using the  and  momenta, their known masses, and the CM energy, 
calculate the invariant mass  defined in slide 4. You can either do the calculation by 
hand or use the class TLorentzVector, which deals with 4-vectors.  
Plot the distribution of . 

B. A key variable is the difference between the measured  energy (in the CM) and half of 
the collision energy, . Calculate the variable for each event and plot 
the distribution.  

C. Describe the  and  distributions (mean, standard dev…): do they look as expected? 

2. Modify makeTree.C to add these two new variables to the TTree and save the tree in a file.  

3. Have a look at the macro computeP.C from the lesson material — see next slides.  
Try to understand and run it, see the use of standard C++ libraries (vector, numeric) and 
another ROOT class (TVector3). Modify the macro to add the plot of the momentum variable 
calculated there. 

px(K )

K π
M

M

B
ΔE = E* − s/2

M ΔE

https://root.cern.ch/doc/master/classTLorentzVector.html


Compute a momentum
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• Look at computeP.C 

A ROOT class to use  
3D vector

C++ standard libraries: 
• vector to store a collection of a type,  

a container that can change in size 
• numeric to use some convenient 

algorithms

https://root.cern.ch/doc/master/classTVector3.html
https://www.cplusplus.com/reference/vector/vector/
https://www.cplusplus.com/reference/numeric/


Compute a momentum
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• Look at computeP.C 

Construct the object 
and use a method

Append an element at the end,  
the size of the vector grows.

Easily access any element of the vector



Compute a momentum and an average
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• Just std-library show-off

Number of elements in the vector



Compute a momentum and an average
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…and what do you expect???

NB: m(B) = 5280 MeV/c2, m(K) = 494 MeV/c2, m(π) = 140 MeV/c2



Compute a momentum and an average
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• The output


