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I Question

Go to www.menti.com and use the code 35 69 0

]
[m]ph
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I Introduction

» Analysis and visualization are fundamental for particle physics
(experimental and not only)

» ROOT is the primary tool for data analysis in high energy physics
(not only collider physics)

*» May be not the reference tool if you are doing detector R&D,
theory/phenomenology, machine learning — Useful to have an
idea on how to use it since at some point you will use it

* |n different contexts from HEP (e.g. astrophysics) not the tool
used preferentially — many physicists with particle physics

background are going to astroparticle — ROOT is being uses in
that context too!
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For a nice presentation on ROOT history and development look here

https://indico.cern.ch/event/667648/ (also recording)
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https://indico.cern.ch/event/667648/

ROOT Appllcatlon Domains

In modern HEP experiments

Data Analysis & Visualization

1‘“ 'Eil_: a :; ad -.- :
B A BT
h 7} b’
i ] M agret
£ d e
1
1 . r— . - .
.1 = ‘t:‘l’- P e
{ B o . ' i
2 - | / ' }
: i i i ACD & Tag ' Event ’
f a0 ol T " H
= Pt it A | Reconstruction Buliders . Selection ™
. N 1 :

/\/ \/\

ESD &> AQD Roo(Tuple PostScript

RAW ; Tags

\\ _/
v From Luca Fiorini slides

Data Storage: Local, Network

25/07/2019 A. Sidoti - HASCO 2019 5/58



I What is ROOT?

» ROQT is a powerful scientic software framework which is...

» Likely older than many of you (1994, a quarter of a century
years old) — Current version is 6.18/00 (frequenet updates)

» Developed by CERN (mostly the EP-SFT group )
» Written in C++, but with interfaces to other languages (python)

» Popular enough to have its own wikipedia page (11
languages)

» Widely used in particle physics, but also used externally
(finance, astroparticles)

» Also a data format tailored to particle physics needs (large 1/O)
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I What do you do in ROOT?

« Software framework for data processing, storage, analysis and
visualization

— Translation:

In modern HEP experiments:

« Data (real or simulated) are saved in ROOT format (writing
ntuples)

« Data re processed (reconstructed, calibrated) in ROOT format
(reading/writing ntuples)

« Data are analyzed using ROOT (reading/writing histograms)

* Understand what you have done (plotting histograms)

 Interpreted using ROOT (histogram fitting)
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I How to start ROOT

« After installing/setup root on your system (cf here)
$> root

(but this takes a loooong
time)

$> root -| (much quicker!)
root [0]

$> root -b (disable graphics when plotting — “b” is for batch)
$> root -n (does NOT execute rootlogon.C and rootlogoff.C)
$> root -e ‘myCommand’ — executes myCommand

$> root file1.root — loads file1.root

$> root file1.C [file2.C ... fileN.C] — executes macrol[s]
$>root -h — help

Some starting options can be combined (e.g -q -b, ....)
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https://root.cern.ch/downloading-root

I Ways to use ROOT

How to interface to ROOT?
1) GUI (Graphical User Interface)
2) Command line — quick checks and studies
CINT (almost C++)
Python prompt (Python)
3) ROOT macros: simple or moderate programs, in C++
4) PyROOT scripts: simple or moderate programs, in python
5) Compiled ROOT: complex or CPU-intensive programs, in C++
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I Question

Go to www.menti.com and use the code 35 69 0

OO

‘J-

OHE
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1) GUI (Graphical User Interface)
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"he C interpreter (CINT/CLING)

CINT/CLING commands start with “.” :

root[0] .qg — exit (in case you were wondering how to exit...)
root[0] .qqqq (— force quit a’ la $> kill -9)

root[0] .L myMacro.cpp (load but don’t execute myMacro.cpp)
root[0] .x myMacro.cpp (load and execute)

root[0] .> file1.log (redirects output to log file)

root[0] .help — (other options)

Note: CINT/CLING is not “really C++". e.g. pointers and values are
treated in the same way (try to do this in C++!)

Shell command starts with “.!” (note, space between prefix and command
s irrelevant)

root[0] .!ls -la (list files in directory)

root[0] .! cd <some directory>

Other commands are “almost” C++ commands (tab Completion)
root[0] TBrowser *b = new TBrowser() (end of line “;” is optional)
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t[0 B
I GUI (TBrowser) root[0] new TBrowser

ROOT Object Browser

Browser |File Edit View Options Tools Help
Files | Canvas_1 [EJ‘ Editor 1 [
EI= Draw Option: - ‘ ‘ jet_E
(root s _ . htemp
CIPROOF Sessions Browse the TFile Entries 114434
ZIROOT Files a{ 22000 = Mean 1.171e+05
E---Egmcj 17049 ttbar_h of ‘E‘ | 20000 = Std Dev  1.037e+05
= #mini;1 -
=& Userl HEE R ree-
- laamc_info_ 16000 F
~Salljet_n -
3§ channelNumber ==14000
e eventNumber > 12000
-$xhasGoodVertex 5
~3rjet E :\ 10000
iejet MV ;
~irjel SV N Hi
ik jet_efa > 6000
Rejet v
iejetn 2000
%!Et_phl T B r@ Ch 1 | 1 1 1 1 1 1 J_L 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | | | )(1 03
3 jet_pt 0 200 400 600 800 1000 1200 2000
i jet_trueflav Jet_E
%% jet_truthMatched 020 —80o—
§""'§|EP_E Command |
34 lep_charge
| 3 .ﬂg—m g ~  Command (local): | M
1 1] 3
Filter: | All Files (*.%) [=] |
| | | | 4
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What you can do with GUI?

Inspect TFile contents

Draw TBranch values Draw histograms

ROOT Object Browser

ROOT Object Browser
Browser |File Edit View Options Tools Help

Browser |File Edit View Options Tools Help
Files | Canvas_1 | Editor 1 (] Files | Canvas_1 (| Editor 1 |
24 W @ raw Option: : a |eP_F‘1 . &V Eraw Option: B me_Info_117050 mc_info_117050
W passGRL - pall temp FULpT - 20—  info_
150E Enties 1847106 et eta Entries 4
~FxhasGoodVertex = Mean  5.537e+04 Rjet_phi E T
~ixlep_n a00c] Std Dev 3.556e+04 jet E oo ]
-3 lep_truthMatched E Bejetm [
-3 lep_trigMatched 3501 et vt o
M Iep_pt B E e jet_trueflav n
~$lep eta - = §tJet_truthMatched , b
= = I jet_SVO -
~§lep_phi 4 250 = Pejet_Mv1 = F
~Zxlep_E ] a0k =23 Userlnfo o
S lep_20 ; gL s lu me_info_117050 B
- : El =1 20—
;::p_charge 150 &-&home > C
p_type E =-Z3sidoti C e
: 100 - N 0
lep flag 5 = C3Airbnb T O S ST T TS A T A T I A
& Iep_ptconeso 50 E DCA 0.5 1 15 2 25 3 35
E (C1Deskto -
#lep_elcone20 E N R E R B SRR N ' SIDocuments
-4 lep_trackdOpvunbias 400 600 800 1000 1200 EIDownloads Gommand |
s lep_tracksigdOpvunb lep_pt cin ~| Command (local):
_& met_et T R 4 1} 3 | .
g met_phi Command | Filter: [ All Files () 7| |
~irjetn Command (local): | -] | \ \
N - : 4
4 1] 4
Filter: [ All Files (*.%) [+ |

| | \ | Y

Drawing branches and display histograms are NOT EQUIVALENT!

You can perform graphical operations (zoom axis, log axis, change color
ling/slyle/width, etc...) 2 A. Sidoti - HASCO 2019 14158



Sadly the Americans won the fight over spelling nghts

TColorWheel: 216 colors as used in web applications

Special identifiers for colors

Colors in between

Colorize objects

Use colors smartly (grayscale)

kWhite, kBlack, kGrey
kRed, kBlue, kGreen
KYellow, kMagenta, kCyan

And more...

Obtained by + [1,10]

SetlineColor()
SetFillColor()

ROOT Color Whee! :

You can also define any colour you like with RGB or hex

25/07/2019 A. Sidoti - HASCO 2019 15/ 58
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I
« Marker style L 1 VN ACGIHVARCLEE Py VR X

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
- KDot, kPlus, kStar, kCircle, etc.

1 3 4 5 6 7 8 9 10 11 12 13 14 15
 Line style o
~  Fixed: 1-10 . LT LTI
T o -
— Customizable: SetlineStyleString() S T
- SetLineStyle( P
1

 Fill area style

7, SN
- Fixed: 3000 + 1-25 )\
[T & e o
— Customizable: FillStyle = 3ijk i ¥ e e
FRCTRECEROT (I CIGIEISE
= i=space between each hatch et oo RO | s0is]
-+ j=angle(<90), k=angle(>90) ". ”. ”. Ll
- SetFillStyle() o dreredo
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I TBranches

« This is where the variables you are interested in are stored.

« TBranches can be primitive types
* ROOT supports primitive types are the types that are native to a
language
* You do not need to include any libraries to use them
* They generally have a fixed interpretation
* |In C++, the primitive types are very simple:
Integer numbers: (unsigned) char, short, int, long, long long

Real numbers: float, double, long double

Conditions: bool = true" or false" =1 or O
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I Primitive Types

To ensure that a type is machine independent (in some machines int are
16 bit whyle in moder ones thay are 32 bits) — Redefinition of primitive

types
Type

Bool t
Char t
UChar t
Short t
UShort t
Int t
UInt t
Long t
ULong t
Float t
Double t

25/07/2019

Description Size

_ Note: you have
logical value (0&#133 false, 1&#133;true) | 7

char — not strings!

signed integer value 1 byte
unsigned integer value 1 byte
signed integer value 2 bytes
unsigned integer value 2 bytes
signed integer value 4 bytes
unsigned integer value 4 bytes
signed integer value 8 byte
unsigned integer value 8 byte
floating point value 4 bytes
floating point value 8 bytes
A. Sidoti - HASCO 2019 18/ 58



I Complex types

* You can store vectors (a’ la C++) of primary types or custom
classes

* Even strings are complex types— you can use std::string or
TString (root-specific native)
* And many other derived types you can define

=- A AntiKt4dEMTopoJetsAuxDyn.SumPtTrkPt500

- ~[Mcbegin()

..... Mecend()

- ~[Mcrbegin()
Complex types look like this in ~ ~crend()
TBrowser - esize()
How to access them? — see L : 2;’553“
later ..... F empty()
In that case this is a std::vector =~ -get_allocator()

- ~Isvalues

b ﬁ@size

25/07/2019 A. Sidoti - HASCO 2019 19/ 58



I Coding Conventions

Classes Start with T TTree, TBrowser
Non-class types End with _t Int_t
Class data members Start with f fTree
Class methods Start with capital Loop()
letter
Constants Start with k kinitialSize, kRed
Static variables Start with g gknv
Class static data Start with fg fgTokenClient
members
25/07/2019 A. Sidoti - HASCO 2019
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2) Command line — quick checks and studies
CINT/CLING (almost C++)
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Write you CERN user name (if
you have one)

Go to www.menti.com and use the code 29 36 80

25/07/2019

| www.menti.com| ’

2] ©

Go to www.menti.com Enter the code 29 36 80 and vote!

I'll share with you my jupyter notebooks
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I Examples: CINT/CLING (C++)

CINT/CLING notebook
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https://cernbox.cern.ch/index.php/s/IV9T0LSBdN97HeR

@ @ [ ]
Histogram binning
Useful information on bin conventions

Overflows and underflows

Every ROOT histogram has:

overflow bin - where entries beyond
the upper edge of the last bin go
Underflow bin - where entries
beyond the low edge of the first bin go

Beware when you bin integers!

Bin numbering conventions

bin = 0; underflow bin

bin = 1; first bin with low-edge included

bin = nbins; last bin with upper-edge excluded
bin = nbins+1; overflow bin

25/07/2019 A. Sidoti - HASCO 2019 24/ 58
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I More on Style

Default histogram style gives, in general, awful and unreadable histograms.
We have seen how to modify graphical attributes of histograms etc, but we
find long to do that for all the histograms

rootlogon.C in the directory where you launch ROOT is executed when you
start ROOT — use it to set default.

For tomorrow hands download the hascostyle.tgz file and untar it on your
working directory
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To add labels etc..
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root> AtlasLabels(0.6,0.7,"My label”)



Python prompt (Python)
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igh level interpreted programming
language
Object-oriented tool
Some people write entire analyses using
pYROOT and derivatives...can be done!
Threats string in a more straightforward way
Useful properties:
Everything is a reference (no pointers...)
Automatic garbage collection (this
sometimes clashes with ROOT's...)
Built-in help and reference listing
Strongly typed
What | don't like:
Indentation! (you don’t have {} for delimiting
blocks of instructions)

Comments start with #
25/07/2019

Python in 10 (ehm) minutes o

T LEARNED IT LAST
MNIGHT! EVERYTHING
15 S0 SIMPLE !

|

HELLO WORLD 1S JUST
print "Hello, world!"

I DUNNO...
DYNAMIC TYPING?
MHITEGFRCET

COME Jo US!
PROGRAMMING
IS FUN AGEIN!
ITS A WHOLE

NEW WORLD

[

N UP HERE!
BUT HOW ARE

YOU FLYING?

I JUsT TYPED
import Ctlﬂ'?gmw‘{_ij

THAT'S 1T? /

... T ALS0 SAMPLED
EVERYTHING IN THE
MEDICINE CABINET
FOR COMPARISON.
[

BUT I THINK THIS

IS THE PYTHON.

Two python versions exist: Python 2.x and Python 3
Many of the exercises rely in Python 2.x (2.7) that will NOT be
supported after 2020

A. Sidoti - HASCO 2019

27158



https://xkcd.com/353/

Standard Data Types

* Numbers
. . int long
* Int (signed integers) . e
¢ Long (long integers, also octal and o F—
heX) -786 0122L
@ Float 080  OXDEFABCECBDAECEFBAEI
P Complex -0490 535633629843L
. -0x260 -052318172735L
e Strings
. 0x69 -4721885298529L

my_str = 'Hello Wt
. ¢python main.py
my_str[o] Hello World!
H
my str[2:5] 11lo
my_str[z2:] 1lo World!

my str * 2

my_str + "TEST Hello World!TEST

25/07/2019 A. Sidoti - HASCO 2019

float

0.0

15.20

-21.9

32.3+el8

-90.

-32.54e100

70.2-E12

Hello World!Hello World!

complex
3.14j
45.j
9.322e-36]
.876j
-.6545+0]
3e+26]

4.53e-7]
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I Standard Data Types

#!/usr/bin/python

list = [ '"abecd', 786 , 2.23, 'john', 70.2 c

ArTiet = 00E CeeEm List

print list # Prints complete list

print list[0] # Prints first element of the list

print list[1l:3] # Prints elements starting from 2nd till 3rd
print list[2:] # Prints elements starting from 3rd element

print tinylist * 2

print

#!/usr/bin/python

# Prints

list two times

list + tinylist # Prints concatenated lists

Tuple

tuple:= [ "abed', T8& ;, 2.23; "jehn',; 702 )

tinytuple = (123, "john')

print tuple # Prints complete list

print tuple[Q] # Prints first element of the list

print tuple[1l:3] # Prints elements starting from 2nd till 3zrd

print tuplel2:] # Prints elements starting from 3rd element

print tinytuple * 2 # Prints list two times

print tuple + tinytuple # Prints concatenated lists
tuple = |
list = [
tuple[2]

25/07/2019

bty el B s

A. Sidoti - HASCO zu1y

Lists and tuple look
the same.

Main difference:
Tuple CANNOT be
updated !

#!/usr/bin/python

abed? . d8E . 2223, aohnl, F0CS )
'abcd', 786 , 2:23; "john', 70:2 ]

1000 ¥ Invalid syntax with tuple
1000 # valid syntax with list

ZY | 08



I Dictionary (Python)

Dictionaries are hash tables (associative arrays). And are composed by

key:values pairs
keys — can be almost any object
Values — any arbitrary Python objects.

e.g. you can have lists of dictionaries, dictionaries of lists, dictionaries of

dictionaries and so on...

Remind that, unlike C++ maps, dictionaris are not ordered !

my dict = {}
my dict['one']
my dict[2]

tinydict = {'name': '"john','

print
print
print
print
print

my dict['one']
my dict[2]
tinydict
tinydict.keys()
tinydict.values()

25/07/2019

¢python main.py

This is one

This is two

{'dept': 'sales', 'code': 6734, 'name': 'john'}
[ 'dept', 'code', 'name']

['sales', 6734, 'john']
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Functions

Functions should be defined BEFORE they are actually called
Arguments are passed by reference

$python main.py

Values inside the function changeme: [10, 20, 30, [1, :
def changeme( mﬂlgt \E Values outside changeme: [10, 20, 30, [1, 2]]

"This change: passed list int e s an Values inside function changeme2: [5, 6]

myhat app:—:nd([l _]) Values outside changeme2: [10, 20, 30, [1, 2]]

print "Values 1inside the ion ¢ 1C

return

def changeme2( myllat ):
"This change: P
myllat = [ 6];
print "Values inside
return

mylist = [160,20,30];
changeme( myliSt ):
print "Values outside ¢
changeme2( mylist );
print "Values outside ¢
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Modules and Packages

Having all functions in a single file (file.py) becomes quickly cumbersome

(thousand of lines of code)
Modules: a file (aModule.py) in python code that contains a function (my_func)

that you can call from another file (file.py)

In file aModule.py
def my_func(par):
# do something
return

In file file.py
import aModule

aModule.my_func(my_par)

Python looks for aModule.py in:

 current directory

» directories defined in PYTHONPATH env var

* in /usr/local/lib/python

In file file.py

from aModule import my)func
# you can also use

# from aModule import *

# but use WISELY
my_func(my_par)

Packages: hyerarchical file directory structure that defines a single Python application
environment consisting of modules

$> Is -la MyPackage

MyPackage/ _init__.py
MyPackage/module1.py
MyPackage/module2.py

25/07/2019

In file MyPackage/__init__.py
from module1 import Mod1
from module2 import Mod2

A. Sidoti - HASCO 2019

In file.py

import MyPackage
MyPackage.Mod1()
MyPackage.Mod2()
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PyROOT notebook
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https://cernbox.cern.ch/index.php/s/to8x36Zc0S8rHMf
https://cernbox.cern.ch/index.php/s/to8x36Zc0S8rHMf

3) ROOT macros: simple or moderate complexity programs, in C++
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I Macros

Anonymous macros example: Named Macros

{

TFile o1 o mow TFLle( datajne. 1av771 Tmuma roatiog oY Pass argument
f1-=1s();

TH1F *h1 = new TH1F("h1","SublLeading Lepton Pt“,lﬂﬂ,ﬂ,lﬂﬂﬂﬂﬂ);l
mini->Draw("lep pt[1]==h1");
h1-=Draw();

c1->Draw(); void NamedMacro(const char *my draw){

} TCanvas *cl1 = new TCanvas("c1","My Third Canvas",600,400);
TFile *f1 = new TFile("data/mc_147771.Zmumu.root");
f1->1s();
I . TH1F *h1 = new TH1F{"h1","SublLeading Lepton Pt",100,0,100000);
exeCUte Wlth TTree *tl = (TTree*)f1->Get("mini");
root> X t1->Draw(my draw);
. ) h1->Draw();
scripts/lUnNamedMacro.cpp B1->0raw();

execute with:
root> .L scripts/NamedMacro.cpp
root> NamedMacro(“lep_pt[1]>>h1")

But you can still use it as an anomymous macro
root> .x scripts/NamedMacro.cpp(“lep_pt[1]>>h1")
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4) PyROOT scripts: simple or moderate programs, in python
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PYyROOT Macros

Not very different from executing from command prompt.

$> python scripts/PyRootLoopTree.py 20
Passing argument to script

import sys_
pt_cut = float(sys.argv[1l])
import ROOT

In principle you can compile also python scripts through py compile
module but it doesn’t speed up things since Python compiles internally
if it's convenient
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5) Compiled ROOT: complex or CPU-intensive programs, in C++
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Compiled Macro

Let’s try to compile the macro with AClic :> Abunch of errors |

root [0] .L scripts/NamedMacro.cpp+
Info in <TUnixSystem::ACLiC>: creating shared library /home/sidoti/physics/root
lecture/HASCO/hasco 2019/./scripts/NamedMacro cpp.so

In file included from input line 12:6:
././scripts/NamedMacro.cpp:2:3: unknown type name 'TCanvas'
TCanvas *cl = new TCanvas("cl","My Third Canvas",6600,400);

#include "Tcanvas.h" Include headers!
e L macroname++ — Forces recompilation

#include "TCanvas.h"

#include "TFile.h" When running compiled macro is faster !

#include "TTree.h"

root [0] .L scripts/NamedMacroCompiled.cpp+
Info in <TUnixSystem::ACLiC>: creating shared library /home/sidoti/physics/root
lecture/HASCO/hasco 2019/./scripts/NamedMacroCompiled cpp.so
root [1] Ma
Makepat
Matchs
MayNotUse
root [1] NamedMacroCompiled("lep pt[1]>>hl")
| data/mc_147771.Zmumu. root

data/mc_147771.Zmumu. root
mini;1 4-vectors + uariablgg rq:u¥rgd for scaling
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I Compiled Macros

Produced files

NamedMacroCompiled. cpp
NamedMacroCompiled cpp.d

NamedMacroCompiled cpp ACLiC dict rdict.pcm

You can load your shared library without recompiling

root[0] gSystem—Load("scripts/NamedMacroCompiled_cpp.so")
root[1] NamedMacroCompiled("lep_pt[1]>>h1")
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I MakeClass

Remember our example to loop on ROOT-tuple event?
— You have to figure out which variables are in the ntuple —

Uln
Flo
Flo
Flo
Flo
UIn
Flo

tl-
tl-
tl-
tl1-
tl-
tl-
tl-

tedious/long/and error prone

Tt lep n;

TTree::MakeClass builds a skeleton
code for you

at_t lep pt[6];
at t lep etal6];
at t lep phi[6];
e %gg_;gzg?g][ﬂ“ $>root -| data/mc_147771.Zmumu.root
at_t lep_E[6]; root[0] mini->MakeClass("MyMini")
| | Info in <TTreePlayer.::MakeClass>:
>SetBranchAddress("lep n", &lep _n); ] o L.
>SetBranchAddress("lep pt", lep_pt); Files: MyMini.h and MyMini.C generated
>SetBranchAddress("lep eta", lep eta);
>SetBranchAddress("lep phi", lep phi); from
>SetBranchAddress("lep charge", lep charge); L
>SetBranchAddress("lep type", lep type); TTree: mini
>SetBranchAddress("lep E", lep E);
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// Declaration of leaf types

Int t runMumber;

Int t eventNumber;

UInt_t lep n;

Float t lep pt[6]; //[lep_n]
Float t lep etal[6]; //[lep_n]
Float t lep phi[6]; //[lep_n]
ﬂf List of branches

TBranch *b runNumber; /!
TBranch *b eventNumber; /!
TBranch *b lep n; /!

TBranch *b lep pt; I

TBranch *b jet eta; /1!
TBranch *b jet phi; /1!

MyMini(TTree *tree=0);
virtual ~MyMini();
virtual Int_t Cut(Long64 t entry);

virtual Int_t GetEntry(Long64 t entry);
virtual Long64 t LoadTree(Long64 t entry);

virtual void Init(TTree *tree);

virtual void Loop();

virtual Bool t  Notify();

virtual void Show(Long64 t entry = -1);
}; A
#endif

Function declaration
Output file declaration
25/07/2019

Snippet of MyMini.h (it's a class)

Here goes the stuff you need
Histogram declaration TH1F *h1;

Snippet of MyMini.C

#define MyMini_cxx
#include "MyMini.h"
#include <THZ2.h=
#include <TStyle.h=
#include <TCanvasx

Here instantiate the histograms
Open the output file etc...

ong64_t nentries = fChain->GetEntriesFast();

Long64 t nbytes = 8, nb = 6;

for (Long64 t jentry=0; jentry<nentries;jentry++) {
Long64 t ientry = LoadTree(jentry);
if (ientry < @) break;
nb = fChain-=GetEntry(jentry); nbytes += nb;
JJ] if (Cut(ientry) < @) continue;

}
}
Control the Loop() -
Here you are accessing the events.
Note! There is no main() !
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I How to Use it?

1) Compile with AcliC (from root command line). RECOMENDED
Root> .L MyMini.C+

Root> MyMini my_ana

Root> my_ana.Loop()

2) Makefile (obsolete) — but will show it

3) cmake (new default) — Will not show it (far from being an expert )
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I Makefile

1) Implement a file (main.cc) with main() that will call the code you've
implemented with MakeClass

Hinclude <iostream=
#include "MyMini.cxx"
int main(int argc, char * argv[]);
int main(int argc, char * argv[]) {
MyMini *pippo;
TFile *f1 = new TFile("../data/mc_147771.Zmumu.root");
TTree *t1 = (TTree*)fil-=Get("mini");
pippo = new MyMini(t1);
pippo-=>Loop();
return 0;

}

2) Write a Makefile
- Root commands to determine flags and libraries for compiler

Mies="root-config --libs’ /

CFLAGS=" £- fig --cfl ’ . .
Comgra ORI TS 3) Execute witn $> ./main

# set compiler options:

# -g = deb ' : i

% 0 = optinisation Makefile/cmake starts to become useful if you are
COPT=-g developing a large project with many source files
default: etc.

$(cc) $(coPT) main.cc -o main S(LIBS) S(CTLACS)
clean:
rm main
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I MakeSelector

Another possibility is to create a Selector

To make a TSelector out of a Tlree

cate(icatelenovolinux:~/Work/HASCOS root -L ChainExample_l.root
root [0]

Attaching file ChainExample_1l.root as _filed...

root [1] _file0.1s

TFile** ChainExample_1. root
TFile* ChainExample_1l. root
KEY: TTree myTree;1l myTree

root [2] myTree->MakeSelector "myTreeSelector"

Info in <TTreePlayer::MakeClass>: Files: myTreeSelector.h and myTreeSelect
or.C generated from TTree: myTree

(Int_t)o

root [3] |}

Following slides are from C. Doglioni and A. Andreazza 2012 HASCO Slides
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.........................................

has been automatical

1_.. 15\.'—; 'i'|'|—i b 'i'|'|'l'

+
L Glli-'ll'hﬁl'ﬁl-‘_'la an
C -
version 5.34/88
A5 _.'r-g:. '|

e: Chai

.'. ree I ag

MyTreeSelector.h

A4 Tfound an Fil l'h—;.-_ju_11_'|':| 1. root

gifndef myTreeSelector_h
gdefine myTreeselectar_h

<TRCCOT . h=
=<TChain.h=
=<TF1ile.h=
<Tgelector| h=

#1nclude
#include
#include
#include

class myTresselector :

dimensions of array or collections store

o et S ol + T
’ =] ala | rj i Fa] rFoaa 17T
CLA SRS g Ll LAE JIFee L7

sTor

public Tselector {

public :
TTree *fChain:  rflpainter to the analyzed TTree or TChain
/¢ Declaration of leaf types
Double_t X; a . .
Double’t % » The variables corresponding to the branches
guble_ Z;
Torench  *ox;  //!
TBranch ®p y:  ffI
TBranch *pozy  ffI
nyTreeSelector(TTree ¥ f¥tree®/ =0] : fChainid) { }
virtual ~myTreesslactor() { } P i
SRy VEGLOnC) Beeker v ¥ Methods: some are useful for analysis,
virtual woid Bagin(TTrea *Lrag): : i
virtual void  SlaveSegin(TTree *ireel: most do the dirty work of reading branches
virtual void Imt{TTree *tree); -
virtual Bool t Notify(): on our behalf...
wirtual Bool t Process{LongGd t entry];
virtual Int t GetEntry(LongG4 t entry. Int_t getell = C) { return fChain ? fChain-=GetTree()-=CetEntry(entry, getall) : 0; }
¥ wvirtwal void SetOption(const char *option) { fOption - option; }
ﬁ virtual void Satlbj ect{TDb]ect *obj] { fObject - obj; }

L Tt

o B CERETE e

25/07/2019

;

Trmt = 1mnt: 3

A. Sidoti - HASCO 2019



MyTreeSelector.h

void myTreaSalector:: InLt(TTree *tree)

ff The Imitf) function 1z called when the selector nopds to initialize
ff a3 new tree or chain. Typiecally here the branch addresses and branch
rf pointers of the tree will he set.

f(f It is normelly not .'.1-f--’:-<-:=."}' to meke changes to the generated
Frocode, hut the routine can .r'-'-l extended by the user | f nee ded

£ ThRitl) I‘_.'I 1 _I.-l a1 1 ad 3 times when Funeni ] an SRONE

ff (once pe le to be processed).

Sf Set branch addresses and branch pointers

Eﬂéiﬁrfeirzii“"l‘ ] Where the dirty work gets done!
ain-=SetMakeClass{l]; ; - !
fChain-=SatBranchAddrass ["x", &x, &b x); > Th|5 funCtIDn gEtS CaHEd bEhlnd
fChain->SatBranchAddress (*y", &y, & y): the scenes hy the base class

fChain-»SatBranchAddress [*z*, &2, &b z);
}

Bool_tT myTreaselectar: :NaTify (]
{

] . : . o
The Vorify() function is ca Lled wher -.' IEw .'_L':' Is ppened, This

'/ can .,'—' grther for a new _ ree In & TChaL i or when when a new TTree

f 15 star '_-'.." wiien usling PROGF, It 15 normally "_,.'_ necessary to meke changes
'/ to the gene 'e::'-c.-' .:-:.;e but t.-'*e routine can be sxtended by the

fF user Lf nesded. The return value 1s curremtly not used

, retum KR \ Useful if we need to do something
every time we open a new file

(e.g. print file name, attach metadata trees)

Fx UNWERSlTE 07/18/12 ROOT tutorial - A. Andreazza, C. Doglioni 5
al -~
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MyTreeSelector.C

#include "myTresSelector.h’
#include <THZ.h=
#include <TStyle.h=

vold myTreeSelector::Begin(TTree * /¥

Thr Dams R = S S e R + o [ S S Ny ;
fhe Beqgin() Tunction 15 called at the start ar The guer ¥
= 7
o 5 T wa FR DO C Sams - I wallnd ~m Fhe 3 +
Wnen runnLng Wn .'."'Ll:ll\.:l - BOgQIng) 18 'F'."'\._:. ESlLled on The CLLeMNL
¥ J
The Frme -y = 1.~ A =y iy oy mfaly E a3 =
The tree argument 15 deprecated [(on PROOF 8 15 passed)
= P

TString option = GetOption()
1

woid myTreeselector: :SlaveBegin(TTrese * /41 ests]
{

Bool _t myTreeSelector: :Process(LongGd t entry)
{

vold myTreeSelsctor::SlaveTerninate()

vold myTreeSelector::Terninate()

K

25/07/2019 A. Sidoti - HASCO 2019

All methods are empty!
Up to the user to do what
he/she wants in them...
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bok/initialise histograms here
{

_ (Slave)Begin |
i =

e

Event loop:
taken care by Process

=

—_— e

=

Terminate

Nrite out histograms to file here

25/07/2019

.'.'

;;
FF
F7
'II ._I'
'y
£
£
i
£
fr
s
L
HJ
rFi

I

st
st
st
std:
std:

return kTRLE;

A. Sidoti -

Boocl_t myTreeSelector::Process(LongG4 1 entry)

() function 15 called for each entry in the tree (or possibly

+ T 4 -
to he L"CCCS_-E-\.. The ent C)F &M Qament

I A ;
Lozged tree 15 to be I::"':-h.-:“:-J(."‘J

The Process
keyed 3339:* 1n the case of PROOF)
specities which entry 1n the currently
It can be passed to either myTreeSelector: :GetEntry() or TBranch: :GetEntryi.
to read either all or the required parts of the data. When processing

keyed ohjects with PROOF, the abject 15 already loaded and 15 available

via the fObhject pointer

Ldll L l.-'.'.'..n:'_. I
he data

Tr;b functian 5HJJ ¥} contain
slaborate sel ect 4u‘
and IFu-Ld fill he

the “body

l. J.L':.IJ.L-

of the armallsis. I
run algorithms on

3 l.l.'l.. = [I

+
L
3
-\:H. L-Lt AP L

cf the svent
ling Abart().

The processing can be stopped by cal

£ 1 - T ) = s
return value of TTree:: =L

, i
Uge tStatus o sef the :Process| )

+ | e
'ne return vallue 18

currant I\.J" .'"C'.. I\_":E'l\_

reout randl:
rCout
rCout
rcout

scout

o
o
o
o
s

“Mow printing variable values for this event” << std:
"Bntry: " << entry << std::endl:

X << std::endl:

y =< s5td::endl;

z << std::endl;

Write your analysis in here,
taking advantage of easy

access of variables: they will

be filled for you in the same

way we did when filling the TTree

rf%;
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Interactive: very simple (as written in .C file)
Can also use makefile...recommended (faster)

cateficatelenovolinux: - /Mork/HASCO$ root -1 ChainExample 1.
root [0]

ool _t myTreeSelactor: : Process{Longfd 1 entry)

Attaching file ChainExample l.root as filed...

root [1] myTree->Process “"myTreaSelector.C”

/¢ The Process() function 1 alled for esch entry Ln the tree (or possib it E :
e R D e *‘"1ﬁ e iy ks gl “22-"') Now printing variable values for this event
ff REYED Q0] :'_-. 1n the case of PROOF) to be processed. 2 &8nt drJumen Entry: 0
/f specifies which entry in the cui reﬂt!r loeded tree 1s to be processed 1.54411
/f It can be passed to elther myTreeSelectar: :GetEntry() or TBranch: :GetEntry() ™"
/f to read either all or the reguired parts aof the data. whan processing ;.;;:;i
// heyed objects with PROOF, the object 1s ;1rc;hy loaded and 15 available ! i o ; :
o e T +13,ﬁ t pointer 3 How printing variable values for this event
; Entry: 1
A ;
// This function should contain the "body" of the amalysis. It can contain  4.8177
4/ simple or slaborate selection criteris, run slgorithms on the data -0.562887
Jf of the event and rypically Till histograms. 3.13662
i MNow printing variable walues for this event
ffF The processing can he stopped by calling abart(), Entry: 2
Iy -0,593594
/f Use fStatus to set the return valve of TTree::Frocess(), -4, 74937
f -2. 39951
§ ey 14 .
// The return value 15 cur Info in <TSelector::AbortProcess>:; End of the fun for now

fChain-=CetEntry (entry); <#—

std: : cout
std: rcout
std: cout
gtd: :cout
gtd: :cout
if (entry

return kTRE:

25/07/2019

eﬁ_iﬁ*rpd?tant to fill variables!

<< "Mow printing variable values fer this event" <= std::endl;

e
e
e
e

IIE.Itr..IIII n
K == s5td:
¥y =< std:
Z2 << gtd:

2) abort("

<< antry << std::andl;

rendl;
vendl:
rendl:
End of the fun far nowf):

A. Sidoti -

HASCO 2019

root [2] myTree-=5can

A DR D D D D D D R K

L R * X r L -
RN T R D R R T R e
‘ 0 * -1,544113 * 1.4411643 * 3, 2847092 =
" 1 % 4, 8176970 * -0 562886 * 3 1966183 =
. 2 * -0, 583593 * -4,749374 * -2,398507 =
g
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il Topo

That’s almost all you need to
know for tomorrow’s hands on

(after social dinner...)

HAVE A GOOD
HANDS-ON SESSION
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I References

* Notebook folders
https://cernbox.cern.ch/index.php/s/oTRjgmouHr9Lf4a password:
hasco2019

« Python Crash Course
https://github.com/MrAlex6204/Books/blob/master/python-crash-course.|

* Root tutorials at previous HASCO editions

« Root forum (was roottalk in the past)

* Root web site http://www.root.cern.ch/
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https://github.com/MrAlex6204/Books/blob/master/python-crash-course.pdf
http://www.root.cern.ch/

I BackUp
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Conditional statements

™,
Banting

UNIV

ERSITE

DE GENEVE

@ [he conditional statement allows you to control code flow

o Code no longer needs to be designed for a single fully-determined task

o Arguably the most important development in programming

C4+

if (conditionl)
-
1

// Passes conditionl

lse 1f (condition?2)

-
{

ondition 1
asses condition 2

else i1f (condition3)

1

s conditions 1 and 2

*asses condition 3

//0ther conditions here
else

{
Iy

Steven Schramm (Université de Genéve)

// Fails all previous conditions

Introduction to ROOT

Python

1f conditionl:

A
e

elif condition2:
# Fails conditionl
# Passes condition?2
elif condition3:

# Fails conditions 1 and 2
# Passes condition3
# other conditions here
else:
# Fails all previous conditions

July 26, 2018
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-
Banting

lterative statements (loops) UNIVERSITE

DE GENEVE

e [he iterative statement allows you to simplify code
o No need to write the same thing over and over
o Combined with conditions, you can iterate over many items

C++ Python
[/ typical for loop # Typ ical for lo op
int nunlterations = _ numlterations =
for (int 1 = 0: 1 < numlterations: for i i N - o -
{ or 1 1n range(0,numIterations):
print i
}

std: :cout << 1 << std::endl;

# Typical while loop

[/ Typical while loop

numlterations =
1nt numIterations = )

int 1 =
while (1 < numIterations)

{

while 1 < numIterations:
print i
1 = 1 +

std: :cout =< 1 << std::endl;
++1;

o All of the above will print out the numbers between 0 and 4,

with each number on a separate line
Introduction to ROOT July 26, 2018 14 / 58




™
¢ Banting

Arrays/lists/vectors/etc UNIVERSITE

DE GENEVE
@ One of the main uses is loops is for lists of items

o C++: arrays and vectors are commonly used
@ Use vectors if possible, as arrays can be dangerous

e Python: lists are a fundamental piece of the code
@ Such “collection” data structures are iterable
o If you don't need to know the element index, there is another loop type

e Note: recall C++ and python are 0-indexed, so numbers[0] is 1
(- - Python

eate a vector r.'.-:':-l"T.':iI"'r“:[j the numbers 1 to 3
Ily works since C++11
= pumbers {1,272, F;

a list containing the numbers 1 to 3

Sl

# Add the number 4 to the list
numnbers . append( 1)

A/ Add the number 4 to the vecto
numbers.push_back(4);

# Typical for-each loop
for aNumber in numbers:
print aNumber

[/ Typical for-each loep
S 0nly exists since C4+11
for (int alNumber ; numbers)

# Typlcal index-based for loop
for 1 1n range(?,len({numbers)):
print numbers[i]

std: icout == alumber == std::endl;

S Typical index-based for loop

for (size t 1 = 0; 1 = numbers.size();

std: :cout == numbers.at(i) == std::

Steven Schramm (Université de Genéve Introduction to ROOT July 26, 2018 15 / 58
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I
Banting

FUﬂCtiOﬂS UNIVERSITE

DE GENEVE
@ Functions must be declared before they are used
@ Modularity (use of functions) is a key piece of good code design
o Allows for re-use of code rather than duplication
o Easier to read/understand the code in small pieces
o Please use clear function+variable names (unlike the example)

C++ Python

#include im|::- ort math

cdouble myFunction({double x) .
{ def myFunction(x):

if x >=
return math.sqrt(x)

1f (x == 0)
return sqrtix);
else:
return -math.sqrt(-x)

=T ==
ELoE

return -sqrt(-x); . ,
print myFunction(4)

print myFunction(-4)

main()

std::cout =< myFunction(4)
std:icout =< myFunction{-4) =-
return 0;

Steven Schramm (Université de Genéve Introduction to ROOT July 26, 2018 16 / 58
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Classes

™
Banting

UNIVERSITE
DE GENEVE

@ Object-oriented programming is based on the notion of classes
o Useful way of grouping similar concepts/information
o Classes have both a state (variables) and behaviour (functions)

@ You may not need to write classes too often (depends on your usage)
@ However, all of the ROOT objects you work with are classes

Steven Schramm (Université de Genéve ||]t_{051 uction to _FE'D'D:I'_' o

e histograms, files, trees, fits, etc

C++

censt { return m_x; }

class My(Class:
def init_ (self, x):
self.x = x

def getX(self):
return self.x

def getX2(self):
return self.x*self.x

c = MyClass( )
print c.getX() ,

, Cc.getX2()

July 26, 2018 17 / 58
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