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“ROQT s ...

A modular scientific software framework. It provides all the functionalities
needed to deal with big data processing, statistical analysis, visualisation
and storage. It is mainly written in C++ but integrated with other languages
such as Python and R.”

https://root.cern.ch/


https://root.cern.ch/
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ROQT is a powerful tool to analyze data.

ROOT can be used as scripts (i.e. not compiled) with the built-in C++
interpreter Cling or compiled. Here we will use the compiled version.

It is open source and has a very active community (forums and
documentation).

Before using ROOT you need to load the module by typing module
load root/6.26.00
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» By convention, many of the ROOT classes start with “T”, for example:
TGraph: graphs

TH1, TH2, TH3: 1D, 2D and 3D histograms, respectively

TCanvas: a window to draw ROOT objects

TLegend: legends

vVvyvyvyy

» ROQT also has built-in types like Double_t, Int_t, Float_t, ... One of the
few exceptions is “TString” since it has many functionalities and it is
considered a class and not exactly a type.
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» Creating figures may not be the final goal (for example, it may only be

the use of fitting functions).

» When creating figures, the user must create a “TCanvas” object and
then draw the histograms, graphs, etc there.

» When creating a TCanvas, any draw done afterwards will belong to that
TCanvas. However, if the user creates 2 TCanvas, only the second is
valid unless explicitly stated otherwise.

TCanvas” canvasl = new TCanvas;
TCanvas* canvas2 = new TCanvas;
hist->Draw();

canvasl->cd();

graph->Draw( "A" )

//
//
//
//
//

create the canvas

create another canvas

draw a histogram in the canvas 2
explicitly start using canvasl
draw a graph in canvasl
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» Histograms can be 1D, 2D, 3D (TH1, TH2, TH3)
» They can store, for example, integers, floats or doubles (TH1l, TH1F,
TH1D for the case of 1D)
» The 1D float case is created with:
THIF® histlD = new TH1F( "name", "title", nbBins, min, max );
» The 2D double case is created with:
TH2D” hist2D = new TH2D( "name", "title", nbBinsX, minX, maxX, nbBinsY, minY, maxY );
» To fill a histogram:
Biat2D_SFAIL( valuel, valuer );
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> There is extensive documentation for ROOT
» Using any search engine will give you quick access to all functions
available

Quick exercise

Search for TH1 and read the ROQOT official webpage for TH1.

P The official webpage should have the title "ROOT: XXX Class Reference - ROOT @ cern" or "XXX - ROOT @ cern",
where "XXX" is the class name.

Do the same for TCanvas, TGraph, TGraphErrors, TLegend, TColor,
TAttLine and THistPainter

Understand what the listed functions do, which parameters they require
and what they return )
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Exercise — create a 1D histogram

Get the analysis code introduction_ROOT.zip, unzip it and try to
understand what is already there.

Create a histogram (TH1D) of energy deposition for all steps
» number bins: 1000
minimum value: 0 MeV
maximum value: 10 MeV
logarithmic scale on Y axis (function accessible via TCanvas)
create titles for the X and Y axis (functions accessible via TH1)
line width: 2.0 (function accessible via TH1)
line color: black (called kBlack in ROQOT, function accessible via TH1)

vVVYyVvVYYvYYy
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Exercise — create a 2D histogram

Create a 2D histogram (TH2D) of positions of particles entering the
phantom (data in boundary.txt file)
number bins X and Y: 200
minimum value X and Y: -9.5 mm

create titles for the X, Y and Z axis (functions accessible via TH2)

>
>

» maximum value X and Y: 9.5 mm

>

» draw the histogram with the option "colz"



LUDWIG-
MAXIMILIANS-
UNIVERSITAT
MONCHEN

(

Exercise — create a figure with two histograms and Ieg?and
Create histogram (TH1D) of kinetic energy of neutrons entering the
phantom and another for photons (data in boundary.txt file)

>

vV YVYyVY VYYV

use PDG code to distinguish neutrons (PDG: 2112) and photons (PDG: 22)

number bins neutrons: 200

minimum KE neutrons: 0

maximum KE neutrons: 20 MeV

number bins photons: 100

minimum KE photons: 0

maximum KE photons: 10 MeV

scale each histogram to its maximum (use functions "Scale(...)" and "GetMaximum()" of
TH1). Both histograms will have maximum equal to 1.

create titles for the X and Y axis. Define a red dashed line with 1.5 width for neutrons and
a blue dotted line with 3.0 width for photons.

draw the two histograms in the same canvas. Use the option "same" in the draw function to
draw the second histogram in the same canvas without erasing the first one

create a legend for this plot
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Exercise — create a graph with error bars -

Create graph with error bars (TGraphErrors) of energy deposition
(average and standard deviation) during the steps of protons, neutrons
and photons (data in steps.txt file)

> use PDG code to distinguish protons (PDG: 2212), neutrons (PDG: 2112) and photons
(PDG: 22)
> put the data in vectors

> create a C++ function to calculate average and standard deviation that takes a vector as
parameter and returns a pair with average (first) and standard deviation (second)

> put the data in 4 arrays (x, y, ex, ey) with 3 elements each. First element is protons,
second is neutrons and third is photons. To keep it simple, assign "x" for protons as 1, for
neutrons as 2 and for photons as 3. "ex" is 0.0 for the 3 cases.

> create the TGraphErrors using the 4 arrays
> define a solid square with size 3.0 as the marker for the graph
> draw the graph with the option "AP"



