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Introduction

Start Using ROOT



Outline

- Starting to work from the ROOT prompt
—ROOT as a calculator

- Creating and plotting functions

» Plotting data measurements

* |Introduction to histograms

- Plotting one-dimensional histograms




ROOT Download & Installation

* Download from ROOT Web site http://root.cern.ch
* Binaries for Linux, MacOS and Windows

« Source files can be built with:
./configure
make
make install (as root)

* see the instructions
on the Web site for
building from sources

BREFRELE:
https://root.cern.ch/building-root

IRREF &L
root v6.30.04.source.tar.gz 176 M

ROOT About Install Get Started Forum & Help Manual
Data Analysis Framework

ROOT: analyzing petabytes of data, scientifically.

An open-source data analysis framework used by high energy physics and others.

© Learn more & Install v6.30.04

e@ ]

Start Reference Forum

Version 6 Version 5

Release 6.20.04 - 31 Jan 2024 Release 5.34/38 - 12 Mar 2018


https://root.cern.ch/building-root
https://root.cern/download/root_v6.30.04.source.tar.gz

Starting Up ROOT

e Set environment variables:

export ROOTSYS=/usr/local/root (—#&XxZRAZEAEMNEF)
export PATH=$PATH:SROOTSYS/bin
export LD LIBRARY PATH=$LD LIBRARY PATH:S$ROOTSYS/lib

or

Source /usr/local/root/bin/thisroot.sh

* Put the above commands 1n the login file (e.g., .bash profile)

* ROOT is prompt-based Launch ROOT:

$ root 2FRO0TES RFE R F]1020:
alias rt="'root -1’7

The ROOT prompt will appear:

[dongly@lxslc712 ~]$ root

POOt [@] — Welcome to ROOT 6.24/08 https://root.cern
(c) 1995-2021, The ROOT Team; conception: R. Brun, F. Rademakers
° 6 (4~ Built for 1linuxx8664gcc on Sep 29 2022, 13:04:57
It Speaks C * From tags/v6-24-08@v6-24-08

With c++ (GCC) 4.8.5 20150623 (Red Hat 4.8.5-44)
Try '.help', '.demo', '.license', '.credits',6 '




The Framework Organization

SROOTSYS

0 | T

bin

cint
makecint
rlibmap
root
root.exe
rootcint
rootn
rootd
genmap
hZroot
hadd
rmkdepend
proofd
proofsery

* Optional
Installation

lib tutorials test include
libAslmage fft T fioe
libCint ’ Co)Fit Makefile
libCore Cifoam hsimple.cxx
lIbEG Igeom MainEvent.cxx
*libEGPythia Dl Ea.fent.cxx
*libEGPythiag \L1graphics MINeXam.cxx
libFitPanel graphs ctorture. cxx
libGed Dgui teollex.cxx
libGeom st teollbm.cxx
libGpad LJimage tstring.cxx
libGraf Do wmatrix.cxx
libGrafad math WVEGCtOr.CxX
libGui L matrix stressLinear.cxx
libGuiBld Dmip QpRandomDriver.cxx
[ i LJnet vlazy.cxx
libGuiHtmil 2 physics '
libGX11 Eapyroot wll::lrld GXX
*libGX11TTF ) pvthia Qu!t?St.Gxx
libHbook ) quadp guiviewer cxx
libHist Caruby Hello.cxx
libHtml L) spectrum -ﬂtﬂlﬂ:ﬂk.ﬂx}t
libMatrix Csplot Tetris.cxx
libMathCore Csql stress, cxx
libMathiMore [ithread stress®. cxx
libMinuit Ctres bench.cxx
libMet (LJuniran
libNew el DrawTest.sh & dt_*\
libPhysics benchmarks.C
libPostscript demos.C
libProof demoshelp.C

libPython

qeant3tasks.C




SROOTSYS/bin

root

shows the ROOT splash screen and calls root .exe

root.exe

the executable that root calls, if you use a debugger such as
gdb, you will need to run root . exe directly

rootcint

is the utility ROOT uses to create a class dictionary for CINT

rmkdepend

a modified version of makedepend that is used by the ROOT
build system

root-config

a script returning the needed compile flags and libraries for
projects that compile and link with ROOT

others: proofd, proofserv, rootd...




ROOT tutorials and test

* SROOTSYS/tutorials: contains many example scripts.
They assume some basic knowledge of C++ and ROOT
copy them to your home directory and try!

« SROOTSYS/test: a set of examples that represent all areas of the
framework and a gold mine

to learn some advanced examples!



Three User Interfaces

{

{ example
of macro o
read data
from an ascil
file and

{ credte q

S FIBIT Dbt 7
] il
= B
Carhorky o *
[ e Cihawgumece. (CICr Do
ke vt ok T— JGarastrn
e (Eltal vt Pty Rbped Fis (L]t
=P -— il
(@l
e
@
= X
@ .
=
@

Macros

and Interface

» (CINT)

Programs| (Gul)

Command Line
Interprefer

e ™
ot [
s L

B Root Shower Event Display E]@

Ele Ewent Tools Wiew Help
PE ¥ VR & €20 ¢

.-a,ril" ROOT Shower Monte Carlo

D Event Display

G =

Start Mew Event Main Event (shower) | Selected Track | Statistis | PDG Tabl |
Show Selection

=
EgE0
44 D¥(2010)-

Zaoom Forwar d Zoom Backward

Dane - Total particles | 5612 - Waiting For next simulation Particle = e+, E = 3,5032-002

e GUI
windows, buttons, menus

e Root Command line
CINT (C++ interpreter)

* Macros, applications,
libraries (C++ compiler and
interpreter)



Environment Setup

* The behavior of a ROOT session can be configured with the options in the
rootrcfile. At start-up, ROOT looks for a .rootrc file in the following order:

./ .rootrc //local directory
SHOME/ .rootrc //user directory
SROOTSYS/etc/system.rootrc //global ROOT directory

* to see current settings, you can do:

root[] gEnv->Print ()

* Default Logon and Logoff Scripts:

in local directory:

rootalias.C (only loaded when root starts up)

rootlogon.C (executed when root starts up)

rootlogoff.C (executed when root ends)

in SHOME directory: .rootlogon.C —M&] B AYroologoff.C:

examples: check the relevant files itd::mut{{"Haue a Nice day, 886 |"<<std:zendl<<std:iendl:

$ROOTSYS /tutorials 55758 B rootEBii : Have a Nice day |



Example: rootlogon.C

{ besStyle->SetLabelFont(62,"x"); N Sz —
////my own style besStyle->SetLabelFont(62,"y"); l#_[:.]\ root H[J ) 5 Ej]
gStyle->SetOptTitle(1); besStyle->SetLabelFont(62,"z"); N— 4
gStyle->SetOptStat(1111111); besStyle->SetLabelSize(0.06,"x"); =17 rootlogo n.C,
gStyle->SetOptFit(1111); besStyle->SetTitleSize(0.06,"x"); iﬁ %ﬁi E/\] %ﬁi }\7}3
gStyle->SetHistLineWidth(1); besStyle->SetLabelSize(0.06,"y"); ¥ —
besStyle->SetTitleSize(0.06,"y"); éﬁ ’ [,){ 1% @] ﬁ ]\i‘\_gu
gSystem->Load("libRooFit"); besStyle->SetLabelSize(0.06,"z"); S R2S
gSystem->Load("libPhysics"); besStyle->SetTitleSize(0.06,"2"); 7)‘2%7J< /ﬁ E/‘] o
// BES style changed from BABAR style // use bold lines and markers
TStyle *besStyle= new TStyle("BES","BABAR approved plots style"); besStyle->SetMarkerStyle(20);
besStyle->SetMarkerSize(0.5);
// use plain black on white colors besStyle->SetMarkerColor(2);
besStyle->SetCanvasBorderMode(0); besStyle->SetLineWidth(2);
besStyle->SetCanvasColor(0); //besStyle->SetLineStyleString(2,"[12 12]"); // postscript dashes
besStyle->SetFrameBorderMode(0);
besStyle->SetFrameBorderSize(3); // get rid of X error bars and y error bar caps
besStyle->SetFrameLineStyle(1); besStyle->SetErrorX(0.001);
besStyle->SetFrameLineWidth(2);
besStyle->SetFrameLineColor(0); // do not display any of the standard histogram decorations — —T —T —TT —T —T — T
besStyle->SetPadBorderMode(0); besStyle->SetOptTitle(0); TE C v _
besStyle->SetPadColor(0); besStyle->SetOptStat(0); =~ 1000 —
besStyle->SetOptFit(0); EB C i
besStyle->SetStatColor(0); ] B N
//besStyle->SetFillColor(0); // put tick marks on top and RHS of plots = 800 -
besStyle->SetPadTickX(1); = B i
// set the paper & margin sizes besStyle->SetPadTickY(1); = 600 —
besStyle->SetPaperSize(20,26); = B ]
besStyle->SetPadTopMargin(0.05); besStyle->SetOptStat("nemr"); 4 C N
besStyle->SetPadRightMargin(0.05); besStyle->SetOptTitle(0); m 400 -
besStyle->SetPadBottomMargin(0.16); besStyle->SetHistLineWidth(2); C ]
besStyle->SetPadLeftMargin(0.13); 200 —
printf("Welcome to ROOT!\n"); a -
// use large Times-Roman fonts gROOT->SetStyle("BES"); Covva b P by v b Ly g 07
//besStyle->SetTextFont(132); gStyle->SetLineWidth(2); qu 1.85 1.86 1.87 1.88 1.80 1.0
besStyle->SetTextFont(62); } + .
besStyle->SetTextSize(0.08); HI(K-E II'E-‘) (GEV-"":_)
]




Start and Quit ROOT

e To start ROOT, you can type root at the system prompt. This starts up CINT, the
ROOT command line C/C++ interpreter, and it gives you the ROOT prompt (root[0]).

* To quit ROOT, type . g at the ROOT prompt

* It is possible to launch ROOT with some command line options, as shown below:

> root -h
Usage: root [-1] [-b] [-n] [-qg] [filel.C ... fi1leN.C]
Options:
-b : run 1n batch mode without graphics
U HERETAERE, ESERERE, ROSFNERNRE.
-n : do not execute logon and logoff macros as specified 1n .rootrc
-gq : exit after processing command line script files
BATRAAR X E B3R Y, EFEFH, EREFIZEITrootHFE.,

-1 : do not show the image logo (splash screen)




Command-Line Interface

* a powerful C/C++ interpreter giving you access to all available
ROOQOT classes, global variables, and functions via the command
line.

* By typing C++ statements at the prompt, you can create objects,
call functions, execute scripts, etc.

e Use up and down arrows to recall commands:
SHOME/.root_hist

* Use emacs commands to navigate

root[] 1l+4+sgrt (9)

(const double)4.00000000000000000e+00

root[] for (int 1 = 0; 1i<2; i++) cout << "Hello" << 1 << endl
Hello O

Hello 1




Start ROOT from SROOTSYS/Tutorials

* Execute root under SROOTSYS/tutorials, you can start by executing the
standard ROOT demos with a session like

Root> .x demos.C H— 38R, wEEfTRG)

* You can execute the standard ROOT graphics benchmark with

Root> .x benchmark.C

EITRMIETTRE, BrEdiE, FanhitsgR:

hif

a:::,es 1:%32 ——————————————— ROOT 5,34/14 benchmarks summary (in ROOTHARKS)---—-
BMS _ 1.826 For comparison, a Pentium IY 2,4Chz iz benchmarked at G000 ROOTHARKS
e e s M hzimple = 185,73 RealMARKS, = 352,33 CpulARkS
o Seteide; = hizLm = 332,26 RealMARKS, = 293,83 CpubARkS
i I fillrandom = 772,596 RealMARKS, = 300,00 CpulARKS
s R = fitl = 329,89 RealMARKS, = 200,00 CpulARKS
Epp— 3 tarnado = 369,90 RealMARKS, = 900,00 CpulARkS
et ] nadd = 180829,23 RealHARKS, = inf CpuMARKS
B -— qeometry = 416,68 RealMARKS, = 2600,00 CpubARKS
o ] naddvien = 2015,20 RealMARKS, = 3000,00 CpulARKS
HeoGetttjectChratn; e ntuplel = 1101,56 RealHARKS, = 824,21 CpuHARKS
\ — E bR L PR P L EE PR EE A EE P L EE L EE PR EE L EE S
- # Your machine iz estimated at 678,73 ROOTHARES  *

* You can try: root <filename.C> to check the separate macro outputs.

* More tutorials at https://root.cern.ch/code-examples



The ROOT Script Processor

 Un-named Scripts: scriptl.C

{

#include <iostream.h>

cout << " Hello" << endl;

float x = 3.; float y = 5.; int 1 = 101;

cout <<" x = "<<x<" y = "<<y<<" 1 = "<<i<< endl;

}

root[] .x scriptl.C <enter>

« Named Scripts: script2.C

#include <iostream.h>

int run (int 3=10)

{

cout << " Hello" << endl;

float x = 3.; float y = 5.; int i= 7j;

cout <<" x = "< x K" y = "<y <" i = "<< i << endl;

return 0;

}




The ROOT Script Processor

root [] .L script2.C
root [] .func
script2.C2:7 0 public: int run(int j=10);
root [] run(<tab>
int run(int j = 10)
root [] run()

Hello

x =3 y=51=10
(int) O

root [] run(1l)

Hello

x =3 y=51=1
(int) O

* Change the function name to the script prefix name:
int run(int j=10) =» int script2(int j=10)
then you can execute the macro via:

root[] .x script2.C(8)




Object definition in CINT Script

// file name: drawl.C

void drawl () {
TF1 £("f","sin(x)",0,20);
f.Draw () ;

}

local variable /object is destroyed when the function exits.

modified ones:

// file name: draw2.C // file name: draw3.C

vold draw?2 () { {
TF1l *f=new TF1("f","sin(x)",0,20); TF1 £("f","sin(x)",0,20);
f->Draw () ; f.Draw() ;

} }

what the difference?



ROOT As Pocket Calculator

Calculations:

root [0] sqrt(42)

(const double)6.48074069840786038e+00
root [1] double val = 0.17,;

root [2] sin(val)

(const double)1.69182349066996029e-01
root [2] TMath::Erf(1.)

(Double t)8.42700792949714783e-01

Uses C++ Interpreter CINT



ROOT Prompt

? Why C++ and not a scripting language?!

I You'll write your code in C++, too. Support for
python, ruby,... exists.

? Why a prompt instead of a GUI?

I ROOT is a programming framework, not an
office suite. Use GUIs where needed.



Running Code

Macro: a file that is interpreted by CINT

int mymacro(int value)

{
int ret = 42;
ret += value;
return ret;

}

* Create a new file, mymacro.C
» Edit the file and include these above lines.
* Execute from the root prompt:

root [0] X mymacro.C(42)




Compiling Code: ACLic

Automatic Compiler of Libraries for CINT

» Load code as shared lib, much faster:

root [0] .X mymacro.C+(42)

Use “+” instead of writing a Makefile...

+ Uses the system's compiler, takes seconds

+ Subsequent .x mymacro.C+(42) check for changes,
only rebuild if needed

+ Exactly as fast as Makefile based stand-alone binary!
« CINT knows types and functions in the file
—e.g. call

root [1] mymacro(43)



Compiled versus Interpreted

? Why compile?

| Faster execution, CINT has limitations,
validate code.

? Why interpret?

| Faster Edit — Run — Check result — Edit
cycles ("rapid prototyping").
Scripting is sometimes just easier.

? Are Makefiles dead?
I Yes| ACLIC is even platform independent!



Controlling ROOT

« Useful CINT commands from the ROOT prompt:

—quit ROOT
root [1] .g I

—to get the list of available commands
root [1] .7 I

—to access the shell of the OS (e.g UNIX or MS/DOS)

root [1] .! <0OS command> eq.. .lpwd

—to execute a macro (add a + at the end for compiling with ACLIC)

root [1] .x <file name> e.g.: .x mymacro.C
X mymacro.C+

—to load a macro

root [1] .L <file name> e.g.. .Lmymacro.C
.L mymacro.C+




Plotting a function

» Start using one of basics ROOT classes - the
function class TF1:

object function type  function

pointer
name (formula) range

* Draw the function:

|raot [1] f£1->Draw(); |

The Function will be drawn in
a ROOT Canvas
The Canvas has a GUI Menu




Function with Parameters

- Use the ROOT formula syntax to create a function with
parameters, e.g. 2 parameters called [0] and [1]:

root [2] TF1 * f2 = new TF1(“f2",”[0]*sin([1]*x)/x",0,10);

* Need to set the parameter values (by defaults the
parameters have zero initial values):

root [3] f2->SetParameter(0,1);
root [4] fZ2->SetParameter(1l,1);

root [5] f£2->Draw();

« Can also use the GUI (function editor) to change the
function parameters.



GUI (Graphical User Interface)
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GUI Editor for ROOT Objects

* View the GUI Editor from the Canvas View Menu

Menu bar

[T Crosshar ¥ Eant
[ Gridx M Gridy
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PadiCanvas ———

™ Fixed aspect ralio 0.8

Tool bar

Save to a “.C” file: you can add new
object such as line, arrow, on the plot by
modifying the generated “.C” file.

Log Scale
Fere e na
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Fast Generate Your Macro Code

Save the plot to ¢1.C file:

Hirac {sin(x)} {x}

//=========Macro generated from canvas: cl/cl

//========= (Fri Mar 21 08:10:57 2008) by ROOT version5.18/00
TCanvas *cl = new TCanvas ("cl", "cl1",423,36,699,534);
cl->Range (-1.119108,-0.4477822,11.24013,1.22563) ;
cl->SetBorderSize (2) ;

cl >SetFrameFillColor (0);

cl->TF1 *funcl = new TF1("funcl","sin(x)/x",0.1,10);
funcl->SetFillColor (19) ;

funcl->SetFillStyle (0) ;

funcl >SetLineWidth (3) ;

funcl->funcl->Draw ("") ;

TPaveText *pt = new TPaveText (0.01,0.9401777,0.1371429,0.995,"b1NDC") ;
pt->SetName ("title") ;

pt->SetBorderSize (2);

pt->SetFillColor (19);

TText *text = pt->AddText ("sin (x)/x");

pt->Draw () ;

tex = new
TLatex(0.261097,0.768812, “#frac{sin(x) }{x}");
tex->SetLineWidth (2) ;

tex->Draw() ;
cl->Modified() ;

cl->cd(); .
c1->setSelected (1), Add these three lines to put
Ccl— oggLeloo ar ;

) a math formula on the plot

and re-run the macro ¢1.C




Function GUI Editor
» Click on the function with the mouse

8o0o cl
Eila Edit View Options Toals Help
Slyle H
24 | [0]*sin([1]*x)/x
f2::TF1 —
Line 1
.- —3 -
; = AgAnEREE
Function = ;ﬁ"éiél’\]SetLineAttributes,
Elj“ﬂ"l' A — 2ef RIo] K& 2 1A RYSE R,
pdate par: .o S 1
: T RLESR BB

Set Parameters... | -
X-Range 0.4 .__
Points: [ 100 4] -
- | -
------------- 0.2|—
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Function GUI Editor: Set Parameters
* Click on “Set Parameters”

800 c1
File Edit View OCptions Toaols Healp
) [0]*sin([1]"x)

= O] sin([1]"x)/x

fa:TF1 —

Line 1

- |"' — "I'I :

1 | &

I 0.8}—

Function -

|Lo1"sin(1]"x)/x B

™ Updata Npar: 2 0.6—

Set Parameters... | -

X-ange — 0.4 .-_

Paints: [ 100 2] S . .

_ . 80 Set Parameters of [0]*sin{[1]*x}/x
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Macros Applications and Libraries

* write a C++ code file, where ROOT class can be directly used
* execute the C++ code file without compilation (take it as Macros)

-- convenient!!!
> root myMacro.C
root[] .x myMacro.C
> root -b -g 'myMacro.C(3)' > myMacro.log
> root -b -g 'myMacro.C("text")' > myMacro.log
> root -b -g "myMacro.C(\"text\")" > myMacro.log

e Use ACLIC to build a shared library

* Based on ROOQOT libraries to produce your own libraries or
executables



Mathematical Functions in ROOT

* TMath: a namespace providing the following functionality:
— Numerical constants.
— Trigonometric and elementary mathematical functions.
— Functions to work with arrays and collections (e.g sort, min max of arrays,...)
— Statistic Functions (e.g. Gauss)

— Special Mathematical Functions (e.g. Bessel functions)
— For more details, see the reference documentation of TMath.

ITMath::Gaus( X, mean, sigma);

- Functions provided in ROOT: :Math namespace

— special functions (many implemented using the Gnu Scientific Library)

— statistical functions
— For more details, see the reference documentation of ROOT::Math functions

ROOT: :Math::cyl bessel i(nu,x);




ROOT::Math Statistical Functions

« Statistical Functions are provided in a

coherent naming scheme sek
e — narmal_pdf
» probability density functions (pdf o 028E
probability density functions (pdf) oy iy °2¢
* |.e. normal distribution: Da5E-
« normal pdf({ x, sigma, mu) n:us:_:
« cumulative distributions (cdf) BT LY o T T P e e e . e e
* lower tail: normal cdf (x, sigma, mu) a
+ uppertail: normal cdf ¢ (x, sigma, mu) F
+ inverse of cumulative distributions (quantiles) e _:::::‘::: .
* inverse of lower cumulative 0.4 —
* normal gquantile (z, sigma) 20
* inverse of lower cumulative N i — e
+ normal gquantile ¢ (z, sigma)
« All major statistical distributions available . ‘— s,
ip nermal_gquantile_e
« normal, lognormal, Landau, Cauchy, ¥z, gamma, :
beta, F, t, poisson, binomial, etc.. k

« Defined as free functions in ROOT: : Math 2
namespace ¢

SSI IR R IR RIS 4



Examples for using Distributions

* p values
—probability after a fit

double prop = ROOT::Math::chisquared cdf c(val, ndf);

» significance : (number of sigma’s)

— probability a to observe s or larger signal in the case of pure background
fluctuation

T ] - -
| 1 7
o = / — e " 2de =1 — —erf (—
Juo V27 2 V2

double sig = ROOT::Math::normal guantile c(alpha,l.);

—Iimplementation is careful to avoid numerical error

* uses inverse error function or its complement depending on
J whether o is close to 0 or 1.

y

IESREERE o HIBEER:

p(u—oc<X<u-o)=683%

Sh
p(u-3c< X< u-30)=99.73% *‘fL?q:%iE%E& R . . .
p(p—50 <X < p1—50)~99.9999% —ﬁﬁ*l].]ﬁc LA IIRE S "3 -20 -l 0 1o 20 3o

00 01 02 0.3 04




Plotting Measurements

* The Graph class (TGraph):
—for plotting and analyzing 2-dimensional data (X,Y),
—contains a set of N distinct points (Xi, Yi)i=1,..N.
—can be constructed from a set of x,y arrays:

root [1] double x[] = { 1,2,3,4,5};
root [2] double y[] = { 0.5,2.,3.,3.2,4.7};
root [3] TGraph * g = new TGraph(5,x%x,V);

— or directly from a text file containing rows of (X,Y) data

Iroot 1] TGraph * g = new TGraph(”“XYData.txt”); I




Displaying a Graph
 To display the graph:

IrDot [4] g->Draw(“AP");

—option “A” means displaying the axis,
—option “P” means displaying the points.

Graph

2— . To change the point markers do:

1:_ . root [4] g->SetMarkerStyle(20); I




Markers and Colors

« Available markers in ROOT
L N VU ACIHVARCEER dh+d> SAVAX 3

20 21 22 23 24 25 26 27 28 20 30 3 32 33 34

- +XOX 00000000

i 2 3 4 5 &6 7 8 9 10 11 12 13 14 15

» Available Colors

yOU can access
them from the
Canvas View Menu




Types of Graphs
- ROOT provides various types of Graphs:

—TGraph . (x,y) data points.
—TGraphErrors.
* (X,y) data points with error bars (ox,0y).

—TGraphAsymmErrors.
* (x,y) data points with asymmetric error bars [(0x,0%x),(0,0%)].

Graph
TCanvas *c4 = new TCanvas("c4","c4", 200,10, 600,400);: °
double x[] = {0, 1, 2, 3, 4}: .
double v[] = {0, 2, 4, 1, 3}:

double ex[] {¢.1, 0.2, 0.3, 0.4, 0.5}; 3
double ev[] {1, 0.5, 1, 0.5, 1}:

TGraphErrors* ge = new TGraphErrors(s, X, ¥, X, B8¥): 2
ge->Draw({"™ap™) ;

return cd; 1

;T

e

=
—
ha
w
-



Graphs Drawing Options

* The drawing of Graphs is done via the TGraphPainter

—See https://root.cern.ch/doc/master/classTGraphPainter.html

—the documentation lists all drawing options for the
different types of graphs available in ROOT

Graphs can be drawn with the following options:

Option Description

A" Axis are drawn around the graph

L A simple polyline is drawn

"F" A fill area is drawn ('CF' draw a smoothed fill area)

C A smooth Curve is drawn

**** A Star is plotted at each point

P The current marker is plotted at each point

"B" A Bar chart is drawn

" When a graph is drawn as a bar chart, this option makes the bars start from the bottom of the pad. By default they start at 0.
A" The X-axis is drawn on the top side of the plot.

Y 4" The Y-axis is drawn on the right side of the plot.




Drawing options can be combined

TCanva=s *cl = new TCanvas("cl","cl",200,10,600,400) :;

cl->5etFillColor (42):
cl->SetGrid():;

Option ACP example
const Int t n = 20; : : : : :
Double t x[n], v[n]:
for (Int t i=0;i<n;i++) |

®[i] = i*0.1:
v[i] = 1l0*3in(x[i1]+0.2):

¥ title

}

gr = new IGraph(n,x,v):
gr->5etlLineColor(2) -
gr->SetLineWidth (4) ;
gr->5SetMarkerColor(4):
gr->SetMarkerSize(1.5):
gr->5SetMarkerStyle(21);

gr->3etTitle ("Option ACP example™) ;
gr->GetXaxis () —>5SetTictle ("X title"):;
gr->GetYaxis()—>5etTitle("Y title™);

gr->»>Draw ("ACP") : 0 02 04 06 08 1 12 14 16 18 2
X title

ff TCanwvas::Update() draws the frame, after which one can change it
cl->Update();

cl->GetFrame()->5etFillColor(21);
cl->GetFrame () —>5etBorderSize(12) ;

cl->Modified() -

return cl-=
et urT '



Histograms

- What is a histogram?
— from Wikipedia:

— a histogram is a graphical representation showing a visual impression of the distribution of data. It is an estimate of the
probability distribution of a continuous variable and was first introduced by Karl Pearson.[1]

— Ahistogram consists of tabular frequencies, shown as adjacent rectangles, erected over discrete intervals (bins), with an
area equal to the frequency of the observations in the interval.

— The height of a rectangle is also equal to the frequency density of the interval, i.e., the frequency divided by the width of
the interval. The total area of the histogram is equal to the number of data entries.

Example histogram

hi
90— Entries 1000
= |_ Mean 0.01102
s0F— L RS 1.007
T0 E
B0
50— ol
40—
30—
20— ‘ ‘
10 __ f L
{ - = i | T - 11 L1 PR ST T —l | 1
4 3 2 1 ] 1 2 3 4



Histograms in ROOT

» Used to display and estimate the distribution of a variable
(e.g. observed energy spectrum)

—Vvisualize number of events in a certain range, called bin

— bins typically have equal widths, but not always
- ROOT supports histograms with equal and variable bins

* Histograms can be used for further analysis
—e.g to understand the underlying parent distribution

» ROOT provides various types of histograms depending on:
—contained data type (double, float, integer, char)
—choice of uniform or variable bins
—dimension (1,2 or 3)



How to use ROOT Histograms

- Example of creating a one-dim. histogram:

new TH1D(“hl”,"Example histogram”,40,-4.,4.);

TH1D * hl =

: A ‘F faxis setting&
histogram type name title b min max
TH1D: one-dimension numbEr ’

) of bins values
using double types
* Filling histogram:

I hl->Fill(x); Fill the histogram with one observation *

for (int 1 = 0; 1<1000; ++1) { Fill the histogram with

1000 gaussian distributed

= gRandom->Gaus(0,1);
random numbers

double x =

hl->Fill(x);




Displaying ROOT histograms

* Drawing histograms in a ROOT canvas:

number of observed events/bin

hl->Draw();
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Example histogram

]|II....

-1 0
variable x
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|
1

histogram name

hi
Entries 1000
Iean 0071102
RMS 1.007
LI
L | _:_:—| = =
2 3 4

The histogram statistics:
» Total number of entries
» Sample Mean
*» Sample Standard
Deviation (RMS)



Histogram Statistics

» To extract statistics information from an histogram:

root [] hl->GetEntries()

(const Double t)1.00000000000000000e+03
root [] hl->Integral()

(const Double t£)1.00000000000000000e+03
root [] hl=>GetMean()

(const Double £)1.10172792035927100e-02
root [] hl->GetMeanError()

(const Double t£)3.18311744869313878e-02
root [] hl->GetRMS()

(const Double t)1.00659011976944801e+00
root [] hl->GetRMSError()

(const Double t£)2.25080393328414077e-02
root [] hl->GetSkewness()

(const Double t)1.17820738464490191e-01
root [] hl->GetKurtosis()

(const Double t)2.58961968358840000e-01




Histogram Drawing Options
» Various drawing options are available: o

—draw error bars on every bin e I

hl->Draw(“E");
_ HSAM EJ!

hl->Draw(“SAME") ; T R e

» draw the histogram on the canvas without replacing what
Is already there

* use to plot one histogram on top of another

* The default drawing option i1s “HIST" for histograms without errors
(unweighted histograms) and “E” for weighted histograms

« For displaying the histogram in log scale in one axis, e.g. the y axis:

gPad->SetLogy () ;




The error bars options

Option Description

"E" Default. Shows only the error bars, not a marker.
"E1" Small lines are drawn at the end of the error bars.
"E2" Error rectangles are drawn.
"E3" A filled area is drawn through the end points of the vertical error bars.
"E4" A smoothed filled area is drawn through the end points of the vertical error bars.
"EOD" Draw also bins with null contents.
{
TCanvas *cl = new TCanvas("cl","cl™, 600,400);
:IFEEF;EE = new TH1F("he","Distribution drawn with error bars

= -

r (i=0;i<10000;i++) he->Fill (gRandom->Gaus {0,1)):

gityle—->3etEndError3ize(3) ;
gityle—>3etErrorX (1.} ;
he->SetMarkerStyle (20} ;
he->Draw ("E1"™) ;

=t P

1 =l

(option E1) ™,100,-3,3):

Distribution drawn with error bars (option E1)
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Histogram Drawing Options

» Histogram drawing is handled internally by the
THistPainter class.
- The documentation for all the drawing options can be found

In the class reference page
https://root.cern.ch/doc/master/classTHistPainter.html

THistPainter Class Reference

Hiztogram Library » Hiztograms and graphs painting classes.

The histogram painter class.
Implements all histograms' drawing's options.

« Introduction
« Histograms' plotting options
= Options supported for 1D and 2D histograms
= Options supported for 1D histograms
= Options supported for 2D histograms
= Options supported for 3D histograms



Global Pointers

e gSystem: Interface to the operating system.

e gStyle : Interface to the current graphics style.
e gPad: Interface to the current graphics Pad.

* gROOT : Entry point to the ROOT system.

* gRandom: Interface to the current random number generator.



Compiling C++ code using ROOT

« Command “root-config” tells you necessary compiler flags:

root-config --incdir
/Users/moneta/root/5.34.04/include

root-config --libs

-L/Users/moneta/root/5.34.04/1ib -1Core -1Cint -1lRIO -1Net -1lHist
-1Graf -1Graf3d -1Gpad -1Tree -1Rint -lPostscript -1lMatrix -
l1Physics -1MathCore -1Thread -lpthread -Wl,-rpath,/Users/moneta/
root/5.34.04/1ib -1m -1d1

* To compile a file example.cxx that uses root, use:

g++ -c¢ -I "root-config --incdir example.cxx

* To compile and link a file example.cxx that uses root, use:

g++ -I "root-config =--incdir =-o example
> i ibs" F=EEH
example.cxx root-config --libs

The inverted quotes tell the shell to run a command and paste the output into the
corresponding place.



Summary

» How to work from the ROOT prompt
—how to run interpreted C/C++ code
—what is a ROOT macro
—how to run compiled macro with ACLic
- Started looking at some basics ROOT objects
—functions
—graphs for plotting measurements
—histograms

- How to plot these objects
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