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« Disclaimer
- Not a real lecture, rather an introductory tutorial / workshop
- Not complete, biased by personal point of view / experience
- Not a ROOT expert, just an experienced user
- Designed to match different experience levels

- Mainly practical examples — learning by doing using Jupyter Notebook

» References
- Parts based on last year's ROOT lecture by Andrea Knue
- Inspired by ROOT primer (Guide for beginners)

- ROOT web site: www.root.cern.ch
» THE source of information and help for all users (beginner & experts)
» User's Guide & Reference Guide (Documentation of classes)
 Download & installation instructions
« Topical manuals, tutorials, presentations, forum and more!
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https://indico.cern.ch/event/388801/contributions/1822121/attachments/1131047/1616568/RootLecture.pdf
https://root.cern.ch/root/htmldoc/guides/primer/ROOTPrimer.pdf
http://www.root.cern.ch/
https://root.cern.ch/root/htmldoc/guides/users-guide/ROOTUsersGuide.html
https://root.cern.ch/root/html606/
https://root.cern.ch/downloading-root
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« ROOT is a modular scientific software framework for

Data processing
Data analysis
Data visualisation

Data storage

 ROOT is mainly written in C++

Bindings for Python (PyROOT) and other languages exist

 ROOT originally developed for particle physics

In 1995 by Rene Brun & Fons Rademakers

Used by many astrophysics & neuroscience projects

« ROQT is heavily used by LHC's experiments

- Several petabytes a year, thousands of plots for publications

Olaf Nackenhorst
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What we do‘in HEP (simplified) A DN YR

Record data, reconstruct and store! Visualize data & IOUbIIShI
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Process data, select and analyze! 120 122 124 126 128 130
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.012006
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.012006
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« Standard Tasks in High Energy Physics
- Comparison of measurements to theoretical models
- Visualization of data
- Manipulation of data
- Fitting of data
- Statistical interpretation

- Storage of large data

» For all this and more: ROOT RO OT
- The following is based on ROOT6 -
- Jupyter Notebooks: > ROOT 6.05

= o \lisualise & share live code
Jupyter

o=« \Web: http://jupyter.org/
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Visualization.Examples i
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ExampleMacro.C

e Compiled ROOT - :
int main() {
- Programming framework, not an office suite ExampleMacro();

- Write a program return 0;

}

- Compile as standalone application

> g++ -0 ExampleMacro ExampleMacro.C " root-config --cflags --1ibs’

> ./ExampleMacro

* Interactive ROOT
- Comes with a C++ interpreter (Cling/ACLIC)
- Interactive C++ without the need of a compiler (like python)
- Just in time compilation — non trivial in C++ !
- Called ROOT prompt (interactive shell)

— Can interpret macros (non compiled programs)

22 ¢ ° @ Olaf Nackenhorst
ATLAS. 7 5 _HASCO Summer School, 21.07.2016
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Interactive ROOT - First Steps
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~ »root
0 Jrt
| Welcome to ROOT 6.86/04 http://root.cern.ch |
0 loao ! (c) 1995-2016, The ROOT Team |
| Built for linuxxB8664gcc |
| From tao v6-86-84, 3 May 2016 |
O glap | Try '.help', '.demo', '.license', '.credits', '.quit'/'.q" |

root [B] .help

Cling (C/C++ interpreter) meta commands usage
> J All commands must be preceded by a '.', except
for the evaluation statement { }

Syntax: .Command [arg® argl ... argN]
eeds {0 be deftined
.L =filename= - Load the given file or library
A
C U (x|X) =filename=[args] - Same as .L and runs a function with

signature: ret type filename(args)

~ root [11] .!'ls -1thr | grep
U <1410 -rwxrwxrwx 1 nackenho nackenho 597 Jul 1 16:30 ROOTConfig-version.cmake
-rwxrwxrex 1 nackenho nackenho 684 Jul 1 16:38 ROOTUseFile.cmake

_ root [@] .ggqq
4 O .4q44gq (IC Info in <TRint::ProcessLine>: Bye... (try '.gggqggq' if still running)

Olaf Nackenhorst 8
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The TBrowser,
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* Load a root file during start

- root filename.root

root [1] new

° |nSpeCt f||e Wlth GU| (TBrowser *) @x2bc5e30
— new TBrowser ROOT Object Browser - + X
Browser ‘ File Edit View Options Tools Help
. Files | Canvas_1 [X | Editor 1 [
¢ B rowse the fl Ie 84 % & Draw Option: - invariantMass .
[[Droat - = Emiasﬂaassaa
- . ons e 5_ Std Eev 1.596
TTree::tree eRoor e Sebe 156
. -9 Signal_1i.roat 6000 ;_
e Datacontainer ER I socol-
-3 eventWeight E
. . & invariantMass > 4000 E_
- TBranch:invariantMass = I E
- - nackenha E
® CO ntent . ;-----SA;ER| MAGE-prefix 2000 ;—
i-[L] CMakeFies : E
 Draw content e e
Cl Dawnloads invariantass
. o i D e 5
- Click on the branch - Comman |
| -(QPictures v | Command (local): | B
1 i ,
- Use TTree: . DI'aW Filter: | Al Files (") [+] |
| | | 4

« Selection & options

root [5] tree-=Draw("invariantMass==h","eventWeight*(invariantMass=115 && invariantMass<135)")
(Longb4 t) 168333

Olaf Nackenhorst
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* Open the FitPanel Fit Panel >
IDataSet: | TH1F:h v |
- Right click on graph — FitPanel _Fit Function
T : a
root [8] FCN=94.4327 FROM MIGRAD  STATUS=CONVERGED 39 CALLS 49 TOTAL ype: |Predet-1D_[v] |gaus -]
EDM=1.51534e-10 STRATEGY= 1 ERROR MATRIX ACCURATE Operation
EXT PARAMETER STEP FIRST @ Nop € Add O NormAdd € Conv
NAME VALUE ERROR SIZE DERIVATIVE ‘gaus
Constant 7.2385%e-01 2.16354e-03 2.17158e-85 -1.39348e-03
Mean 1.25000e+02 3.88943e-83 3.75001e-04 4.25919e-03 Selected:
Sigma 1.59484e+00 2.75875e-03 2.24184e-86 -1.15001e-02 gaus Set Parameters...
ROOT Object Browser -+ x| General
Browser |Elle Edit View Options Tools Help — Fit Settings
Files | Canvas_1 @| Editor 1 [ Methodl . .
8, ¥ & Draw Option: - invariantMass {eventWeight} Chi-square -] eerbeined.
oot - E Entries . 168333 [ Linear it [N Robust | 095 —
[ PROOF Sessions 07 Mean 125 =
E4ROOT Fies = |StdDev 1596 | Fit Options
Eﬁg Signal_1fo.r00t ”-55_ [ Integral [T Use range
EI"%_‘__I;::W“ teight ”-5;— [ Besterrors [ Improve fit results
Iy ietar ez ST = I~ All weights = 1 I Add to list
?_éhm 0_35_ [ Empty bins, weights=1 [ Use Gradient
;ve e N s E_ Draw Options
Save In: | = Root [T CF e == T Ovenwriie g [T SAME
(ZIROOT Tutorial Hasca16 Ujf_ [T Mo drawing
. = '|1|a' ! Iul«ul ! '1z|z' ! '12'4' L IIZIEI ! IIZI,EI L II:;EII L 'mla' L [T Do notstore/draw Advanced...
Don't forget to save!
Even as a root macro! mn| .
Nice, but write a script if you bodate = — ==
File name: fit.pdf Save | - ' =P - = =
Files of hype: | ROOT macros (C) BI pa— dO Somethlng more than once! THIF:h  |LIBMinut  |MIGRAD |0 |pm:DEF
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Example: Good vs bad plot

* Relatively easy to make plots in ROOT (left)

/ DE GENEVE

* Relatively difficult & time consuming to make nice plots (right)
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-+ Data
= MC

hpx ¢y 1000
a0 Entries 10000 c C  Hasco
= Mean  0.005243 2 g0
oo E StdDev  0.9812 ) = Simulation
- D 800 ;
— o - )
s0oF g 700:_ JLdt_1th
- 5k
500~ Z 600
400 =
= 599._—>
300 400
200 — 300—
100~ 200
= L 100
73 2 - 0 1 2 3 -

1.5

||

i

¥
Data/MC

=
o
T
f
S T
o
i
p
——

Electron momenium P, [GeV]

Olaf Nackenhorst
ATLAS HASCO Summer School, 21.07.2016

EXPERIMENT



The ROOT Color Wheel ity UNIVERSTTS
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TColorWheel: 216 colors as used in web applications

Special identifiers for colors
- kWhite, kBlack, kGrey

- kRed, kBlue, kGreen

- KYellow, kMagenta, kCyan

- And more...

+T

Colors in between
- Obtained by £ [1,10]

i +2

3 | +3

Colorize objects
- SetLineColor()
- SetFillColor()

Use colors smartly (grayscale)

Olaf Nackenhorst
ATLAS HASCO Summer School, 21.07.2016
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Other useful-attributes v I e

OQEAVO[ | AOrX XV ¢4

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

KOX - 900000000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

 Marker style
- KDot, kPlus, kStar, kCircle, etc.

-  SetMarkerStyle()

* Line Style i - -
- Fixed: 1-10 s T T T T T T T
- Customizable: SetLineStyleString() E R
- SetLinestyle e
1

« Fill area style
- Fixed: 3000 + 1-25
{3007 | 3008 3009 3010 o

- Customizable: FillStyle = 3ijk |||||||I ----------------------

SIS ISISIET IS8
[e]ela] [e]ala

Ho sl b
ook 3011 otk

* i=space between each hatch m
- j=angle(<90), k=angle(>90)

_ SetFillStyle() o)

Olaf Nackenhorst
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« TMVA
- Toolkit for mulitvariate analysis

IMVA

- Machine learning methods for classification and regression
- Documentation: Users guide and web site
- Exercise in tomorrow's tutorial!
* RooFit
- Toolkit for data modelling

- Maximum likelihood fitting, toy MC generator, visualisation

- Documentation: Quick introduction, RooFit in 20 min & users manual
 PROOF
- Parallel ROOT facility

- Parallelize running on large sets of ROOT files

- Documentation: Introduction

ATLAS Olaf Nackenhorst

i) HASCO Summer School, 21.07.2016


http://tmva.sourceforge.net/docu/TMVAUsersGuide.pdf
http://tmva.sourceforge.net/
https://root.cern.ch/download/doc/roofit_quickstart_3.00.pdf
https://root.cern.ch/roofit-20-minutes
https://root.cern.ch/download/doc/RooFit_Users_Manual_2.91-33.pdf
https://root.cern.ch/proof
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TMVA — Multivariate analysis
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 Combine multiple inputs into a single (few) output
« Same processing for all methods, parallel run, easy to use, fair comparison

« Many machine learning techniques available (more coming)
- Boosted decision tree (BDT)

- Neural networks (NN)

c =
5= -
- Probability density estimation (PDE) T 09F
- Function discriminant analysis (FDA)£ 0.8k ;
. € -  FDA_GA
- Support Vector Machine (SVM) 5 0.7 "— Her N
- Predictive learning (RuleFit) § (. — oD
C ———  BDT
- eftc. 0.5F ~RuleFit
= —-— KNN
« Many visualisations R SR S vai
0.3 - Cuts
 Many monitoring tools E T e o
0.2 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ]
. 0 01 02 03 04 05 06 07 08 09 1
 Modern ML not yet integrated Signal efficiency

Olaf Nackenhorst
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ROOT interface to Python
Real mix of the two languages

Power of C++

— compiled libraries

Flexibility of Python

Easy to use

import ROOT

Introduction

Tomorrow's tutorial!

Olaf Nackenhorst
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T DUNNO... J
DYNAMIC TYPING? I JUST TYPED
MHITEGRRCE? import ontigrauty
/ COME JoNUS! | | THATS 1T (
T LEARNED ITLAST FROGRAMTMING ... T ALSO SAMPLED
NIGHT! EVERYTHING IS FUN AGAIN! EVERYTHING IN THE
IS SO SIMPLE ! ITS A WHOLE MEDICINE CABINET
! NEW WORLD FOR COMPARISON.
HELLO WORLD IS JUST \__ UP HERE! /
it el forid BUT HoW ARE BUT I THINK THIS
YOU FLYING? IS THE PYTHON.
xkcd.com
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« ROOT is a powerful analysis framework for particle physics
- Most of the daily tasks of HEP can be performed
- C++ or PyROOT have both their advantages and disadvantages
- Interactive ROOT only for very quick checks
- Write macros or small programs for normal usage
- Many basic ROOT objects introduced, much more exist

- Nice plots time consuming and tricky, note B&W readibility!

« Only a very tiny fraction covered in this lecture
- You are now experienced enough to use documentation!
- Explore the examples in tutorials/ subdirectory of ROOT
e See you all again at tomorrow's tutorial!
- H — yysearch, PyROOT, TMVA introduction

Olaf Nackenhorst
ATLAS HASCO Summer School, 21.07.2016
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Additional Slides
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