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why ROOT?

19.7 fb" (8 TeV) + 5.1 fb” (7 TeV)

x10°

CMS S/(S+B) weighted sum

3.5
H-
L4 ¢ Data

-
—
o
-
p- -
b—
-
-

— S4B fits (weighted sum)
------ B component

Ml t1c

...... +20

this plot is worth a
Nobel prize !
and it was done with ROOT

0.26
=1.14 :0.23

m
m,, = 124.70 + 0.34 GeV

LI TPy ryyrprrrrgpeanana LI
| | | | |

0lllllllllllllllllllllllllllllllllllllll

S/(S+B) weighted events / GeV

lllllllllllllllllllllllllllllllllllllll

200 -

B component subtracted

!

* intuitive, clean and clear graphics 100

—— |

* fast interactive analysis

0

$t

-100 -
L1 1. 1 l L1 1 1 l L1 11 l L1 1.1 l L1 1 1 I L1l 1.1 l L1 1.1 I L1 1 1l
is used mainly in high energy/particle physics, 110 115 120 125 130 135 140 145 150
don’t be surprised if your fellow physicists
ask what is it — they are not high enough :) myy (GeV)

Adrian Perieanu ROOT Tutorial 1st April '15 2



ROOT

— a data analysis framework —

what is ROOT?

An Object-Oriented
Data Analysis Framewor

https://root.cern.ch/drupal/

Is not the beginning, but also not the end...
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ROOT tutorial: goals

* how to install it

* how to find/read documentation

* perform an interactive analysis with ROOT
* design and write own analysis macros

* how to store results of your analysis
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ROOT tutorial: installation

Le OO / y ROOT | A Data Analysis Fr... .\+ "

7
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Q-/)@ @ https://root.cern.ch/drupal/ c ‘(O\ | _>) dE A 4D S| =

DROOT

Data Analysis Framework

Home What's New About Screenshots Download Documentation Support Forum Developers

N
»
A

Screenshots Download Documentation
Get a taste of ROOT's capabilities by Go ahead and download the latest build of Get the inside scoop on how to fully utilize
sampling some screenshots. ROOT. ROOQT. Also, search the Reference Guide,

the HowTo's and the user forums.

download link
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ROOT installation: I. read

RFM:

run field manager in CMS,
but not here

Adrian Perieanu

8 006
b

Q—/ © 8 htps://root.cern.ch/drupal/content/down oading-roc

Downloading ROOT | ROOT '”'\¥+

¢ (Q )8 ¥ 400

SROOT

Data Analysis Framework

Home What's New

What's New

« March 24, 2015, 11:06
Patch release 5.34/28 -
201503-24

« February 20, 2015, 13:35
Paich release 5.34/26 -
2015-02-20

o February 16, 2015, 9:55
Paich release 6.02/05 -
2015-02-09

« January 28, 2015, 12:36
Development Release
6.03/02 - 2015-01-28

Recent Blog

Posts

o Main Histogram Changes
in ROOT 6

¢ Saving Canvas in TeX

e ROOTS6 and Backward
Compatibility

¢ Defining C++14

e Rainbow ?

About Screenshols Download

Home

Documentation Forum

Support Developers

read the details

Downloading ROOT

We are developing ROOT according to the principle of:

Release carly and release often

However, since a very large portion of the user base requires a stable product we generally keep three
version of the system available for downlcad. The dev, pro and old versions.

The dev version evolves quickly, with monthly releases. Use this to get access 10 the |atest and greatest, but
as a side effect there might be some instabilities. However, by trying out the dev version you can help us
converge much more quickly to a stable version that can then become the new pro version. If you are a new
user we would advice you to try directly the dev version.

The RC version is a Release Candidate of the next pro release. We typically have two RC's (one month and
two weeks) prior to a pro release. The idea of the RC is to only contain bug fixes and to provide a stable test
platform for users to ready their code for the new pro release.

The pro (production) version is a version we feel comfortable with to expesing to a large audience for serious
work. The change rate of this version is much lower than for the dev version. In the order of 6 months.

The old version is the previous pro version that people might need for some time before switching to the new
pro version, The old change rate is the same as for pro.

For each of the three version we provide the full source and pre-compiled binaries for most of the supported
platforms (although for the dev version we can not always keep up with providing all the binaries).
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ROOT installation: ll. search

look for “available for download”

you should not do what is

recommended to, but what do you
The following versions are available for download: think it is suiting your laptop/PC

ROOT 6:

e Dev, version 6.03/02 (see also the release notes)
(o Pro, version 6.02/05 recommended (see also the release notes))
e Old, version 6.00/00 (see also the release notes)

ROOT 5:

e Pro, version 5.34/28 (see also the release notes)
¢ Old, version 5.32/04 (see also the release notes and development notes)
¢ Old, version 5.30/06 (see also the release notes and development notes)
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ROOT installation: ll. search

} © 8 https://root.cern.ch/drupal/content/production-versi ¢ JQ > B8 4 # -
\&/

OROOT

ANata Analysis Framework

if you fill comfortable go for

ne What's New About Screenshots Download Documentation Support Forum Developers

Home

What's New

« March 24, 2015, 11:06 Production Version 6.02
Patch release 5.34/28 -

2015-03-24 production version
» February 20, 2015, 13:35
Patch release 5.34/26 -

015-02-20 Availabillty
o Febquary 16, 2015, 9:55
Patch\sglease 6.02/05 - ROOQT is available in binary and source form. The binaries are available for most supported platforms. The
2015-028 source is available as a tarball or from git and can easily be compiled on any supported platform/compiler

e January 28,8015, 12:36 combination.
Development Rlease

6.03/02 - 2015-0128 For what is new in this version see the release noles. For the subsequent patch versions see the 6.00

patches release notes.

Recent Blog Source

Posts e ROOT 6.02.05 complete source tree for all systems (100 MB).

o Main Histogram Changes After unpacking read "Installing ROOT From Source” or the file reaome/1xsTALL.
in ROOT 6

e Saving Canvas in TeX .

e ROOT6 and Backward Documentation
Compativity ROOT 6.02.0 htmi ' sed tar file (919 MB

« Defining C++14 . .02.05 classes html documentation compressed tar file ( ).

a Dalnbhaw: N
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ROOT installation: lll. choose

Binaries

Note: Before downloading a binary version make sure your machine contains the right run-time environment.
In most cases it is not possible to run a version compiled with, e.g., gcc 4.8 on a platform where only gcc 4.3

is installed. In such cases you'll have to install ROOT from source. See the configurations used to build the
Inaries below.

To install, unzip and untar the file do:

$ gunzip root_v6.02.05.Linux-slc6_amd64-gccé.8.tar.gz

if not go for binaries $ tar xvf root v6.02.05.Linux.slc6_amd64.gcc4d.8.tar
b}

This will create the directory root. Before getting started read the file reaoue/reaome. Remember, you can

find the full documentation of the ROOT classes on this web site at the location Classes and Members. The
distribution also contains all tutorials and a set of test programs.

Linux SLC6

e Linux RHEL 6 (SLC6) x86-64 with gcc 4.8, version 6.02.05 (141 MB).

0OSX

e OSX 10.9 x86-64 with clang 6.0, version 6.02.05 (130 MB).
e OSX 10.10 x86-64 with clang 6.0, version 6.02.05 (130 MB).

Cygwin (Windows)

« Unfortunately, the Windows/Cygwin build is currently unavailable, due to an issue with gcc 4.8 not
being able to compile clang/llvm.
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Adrian Perieanu

ROOT installation: Ill. choose wisely

if you do not have gcc 4.8, go for ROOT 5.34

The following versions are available for download:
ROOT 6:

e Dev, version 6.03/02 (see also the release notes)
e Pro, version 6.02/05 recommended (see also the release notes)
e Old, version 6.00/00 (see also the release notes)

ROOT 5:

(‘e Pro, version 5.34)28 (see also the release notes)
¢ Old, version 5.32/04 (see also the release notes and development notes)
e Old, version 5.30/06 (see also the release notes and development notes)

ROOQOT Tutorial 1st April ‘15
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what does it mean: gcc 4.8

~
\

Q-/'ﬂhnp%'/;’gcc.gnu.org | Q gce y 4B S A A0 O
GCC, the(GNU Compiler Collection)

Mission Statement

Releases
The GNU Compiler Collection includes front ends for C, C++, Objective-C, Fortran, Java, Ada, and Go, as well as libraries for these languages :;’:j::;fm
(libstdc++, libgcj,...). GCC was originally written as the compiler for the GNU operating system. The GNU system was developed to be 100% free Contributors

Steering Committee

, @gnutools

software, free in the sense that it respects the user's freedom.

We strive to provide regular, high quality releases, which we want to work well on a variety of native and cross targets (including GNU/Linux), and

encourage everyone to contribute changes or help testing GCC. Our sources are readily and freely available via SVN and weekly snapshots. P8 gnutools
Major decisions about GCC are made by the steering committee, guided by the mission statement.

/ X
' \

k(-/' @ https://gcc.gnu.org/gcc-4.8/ C 'Q\ Suchen

GCC 4.8 Release Series

December 19,2014
The GNU project and the GCC developers are pleased to announce the release of GCC 4.8 4.

This release is a bug-fix release, containing fixes for regressions in GCC 4.8.3 relative to previous releases of GCC.

Release History

GCC484

December 19, 2014 (changes, documentation)
GCC483

May 22, 2014 (changes, documentation)
GCC482

October 16, 2013 (changes, documentation)
GCC438.1

May 31, 2013 (changes, documentation)
GCC480

March 22, 2013 (changes, documentation)
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what does it mean: GNU

1"‘ .'u 9 www.gnu.org/home.en.htm
(€)? ¢  —

W

“¢Y GNU Operating System "GNU's Not Unix!”

Sponsored by the Free Software Foundation
a Unix-like computer

.
operating system made

What is GNU? out of free software

GNU is an operating system that is free software—that is, it respects users' freedom. The
development of GNU made it possible to use a computer without software that would
trample your freedom.

We recommend installable versions of GNU (more precisely, GNU/Linux distributions) which
are entirely free software. More about GNU below.

- Ve em et AreOMe W hee
O e el ol al =

R R, - Q- sEm 1 H
e 9 1 aenen e v aA4Alr] e SIS

=
b

\What is free software?
.

I'he free software definition presents the criteria
for whether a partichilar software program
qualifies as free software, From time to time we

- Cwtma gt W0m "Me I et 2 o - » . "™

* gnu = wildebeest
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ROOT installation: Ill. choose wisely

more options, more start to forget about

compilers IBM AIX 7 _ i
e AIX 7.1 PowerPC with xIC v8.0, version 5.34.02 (73 MB). wi ndows, now!!l:
Linux SLC5 Windows -
o Linux RHEL 5 (SLC5) ia32 with gcc 4.3, version 5.34.26 (57 MB). Windows 7/Vista/XP/NT/2000 are supported. We offer two packaging types:

® Linux RHEL 5 (SLC5) x86-84 with goc 4.3, version 5.34.26 (57 MB). * MSlexe: a regular Windows instaler package also setting up the required environment variables.

With uninstall via "Control Panel” / "Add or Remove Programs”. Simply download and start, or open

Linux SLC6 directly. You can double-click ROOT to start it, ROOT files get registered with Windows.
« tar: the traditional variant. Unpack e.g. with 7zip. Start ROOT in a Microsoft Visual Studio Prompt (in
e Linux RHEL 6 (SLCE) x86-64 with gcc 4.4, version 5.34.28 (70 MB). Stfan I_Programs / Miaosc_»ft Visual Studio / Tools)._lf you ln'stalled ROOT to C:\root then call C:\root
e Linux RHEL 6 (SLC6) x86-64 with gcc 4.7, version 5.34.28 (71 MB). \binithisroot.bat before using ROOT to set up required environment variables.
e Linux RHEL 6 (SLC6) x86-64 with gcc 4.8, version 5.34.28 (71 MB). Important installation notes:
Linux CC7 « Do not untar in a directory with a name containing blank characters.

« Take the release version if performance matters.
« If you want to debug your code you need the debug version of Windows (you cannot mix release /

e Linux CentOS 7 (CC7) x86-64 with gcc 4.8, version 5.34.28 (72 MB). debug builds due to a Mi ft restriction)

¢ Linux CentOS 7 (CC7) xB6-64 with gcc 4.9, version 5.34.28 (73 MB). « You need MS VC++ 2 8 for the VC++ 9 build, MS VC++ 10 (2010) for the VC++ 10 build, MS VC++ 11
(2012) for the VC++ 11 build, and MS VC++ 12 (2013) for the VC++ 12 build. For information, there is
Fedora a no-cost version of Visual Studio 2010.

« If you don't know which one to take: the bold versions are recommended.
o Fedora 20 x86-64 with gcc 4.8, version 5.34.28 (57 MB).

Release Debug
MS| (65.9 MB) MSI (157 MB)
Ubuntu VC++9(2008) . (65.1 MB) tar (158 MB)
aexe (47 MB exe (93 MB
 Ubuntu 12.04 x86-64 with goc 4.6, version 5.34.28 (58 MB). VC++10(2010) ((64 MB)) zip ((140 MB))
¢ Ubuntu 14.04 x86-64 with gcc 4.8, version 5.34.28 (62 MB). VC++ 11 (2012) axe (48 MB) exe (99 MB)
Zip (65 MB) 2ip (152 MB)
0OSX exe (47 MB) exe (99 MB)
VC++12(2013) . (64 MB) 2ip (153 MB)

* OSX 10.8 x86-64 with clang 5.1, version 5.34.28 tar.gz or dmg (58 MB).
» OSX 10.9 x86-64 with clang 6.0, version 5.34.28 tar.gz or dmg (56 MB).
» OSX 10.10 x86-64 with clang 6.0, version 5.34.28 tar.gz or dmg (56 MB).

Note that the performance of cygwin/gce binaries being very poor, we don't provide this build anymore. The
ROOT team will not answer any messages related to problems with the win32gcc version. For more
information see these web and fip sites.

Oracle Solaris 11

¢ Solaris 11 ia32 with CC5.5, version 5.34.02 (58 MB).
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Adrian Perieanu

on your laptop:

follow previous steps and install the
binaries

ROOQOT Tutorial 1st April ‘15
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Adrian Perieanu

with your PC accounts:

> log in with your user name on the terminal machine
> log in remotely: ssh your.username@nafhh-cms03.desy.de -XY

ROOQOT Tutorial 1st April ‘15
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Adrian Perieanu

> once logged in

> setup environment:

[perieanu@nafhh-cms®3]~% source /afs/cern.ch/sw/lcg/external/gcc/4.8/x86_64-slcb/setup.sh

[perieanu@nafhh-cms@3]~% cd /afs/cern.ch/sw/lcg/app/releases/R0O0T/6.02.05/xB6_64-slcb-gcc48-dbg/root
[perieanu@nafhh-cms@3]/afs/cern.ch/sw/lcg/app/releases/R0O0T/6.02.05/x86_64-slcb-gcc48-dbg/root% source bin/thisroot.sh
[perieanu@nafhh-cms®3]/afs/cern.ch/sw/lca/app/releases/R0O0T/6.02.05/x86_64-slcb-gcc4B8-dbg/root% cd -

~

[perieanu@nafhh-cms@3]~% root

Data Analysis Framework

Conception: Rene Brun, Fons Rademakers

l—urv Eru irwvrirm llka Antcheva, Bertrand Bellenot, Anirudha Bose, Rene Brun, Philippe Canal,
Brare drei Gheata, Wim Lavrijsen : Mato, Lorenzo Moneta,
Danilo Fi; aro, Timur Pocheptsoy, Fons Rademakers, Paul Russo,
Wouter Verkerke

Version 6.02005

| Welcome to ROOT 6.02/05 http://root.cern.ch |
| (c) 1995-2014, The ROOT Team |
| Built for linuxxB664gcc |
| From tag v6-02-85, 9 February 2015 |
| Try ! help , '.demo', '.license', '.credits', .qu1t /'.q' |

root [0] §
ROOQOT Tutorial 1st April ‘15
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Adrian Perieanu

with your PC accounts:

if you want to run on Scientific Linux 5
> log in with your user name on the terminal machine
> log in remotely: ssh your.username@nafhh-cms02.desy.de -XY

ROOQOT Tutorial 1st April ‘15
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> once logged in

> setup environment:

[nafhh-cms@®2] ~ $ source /afs/cern.ch/sw/lca/external/gcc/4.3.2/x86_64-s1c5/setup.sh

[nafhh-cms®2] ~ $ cd /afs/cern.ch/sw/lcg/app/releases/R0O0T/5.34.03/xB6_64-s1lc5-gccd43-opt/root/

[nafhh-cms®2] /afs/cern.ch/sw/lcg/app/releases/R0O0T/5.34.03/xB6_64-s1lc5-gccd43-opt/root $ source bin/thisroot.sh
[nafhh-cms®2] /afs/cern.ch/sw/lcq/app/releases/R0O0T/5.34.03/x86_64-s1c5-gccd43-opt/root $ cd -

N
\»_,
2 2 2 2 2 R A R R R R R R R R R R R K R K kK

[nafhh-cms®2] ~ $ root
B S e e
ROOT 5.34/03 (tags/v5-34-03@46856, Oct 27 2012, \/ ersion ;
CINT/ROOT C/C++ Interpreter VerSion 5- 18- 00, J Conception: Hene Brun’ Fons Hademakers
Type ? for help. Commands must be C++ statement

Enclose multiple statements between { }. Lead Developers: Rene Brun, Philippe Canal,
root [0] Fons Rademakers

WELCOME to ROOT
Version 5.34/03 27 October 2012

You are welcome to visit our Web site
http://root.cern.ch

E R
E R

Core Engineering: Bertrand Bellenot, Olivier Couet,
Gerardo Ganis, &ndrei Gheata, Lorenzo Moneta,
Axel Naumann, Paul Russo, Matevz Tadel

CINT CIC++ Intepreter: Masaharu Goto
Version 5.34003
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Adrian Perieanu

ROOT tutorial: let’s check which version
do you have

ROOT files written in a later version might
not be readable in a previous ROOT
version

ROOQOT Tutorial 1st April ‘15
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probably to most used commands

with ROOT

to start root type Iin
> root your shell:) root

perieanus-MacBook-Pro%| root
B
*

you can see that my
root version is not
the latest one:

* WELCOME to ROOT
.
5.34/28 + You are welcome to visit our Web site
X
.

Version 5.34/18 14 March 2014

*
*
*
*
*
*
http://root.cern.ch *
*
*

24 2 2 2 2 o o R e ke K R R e ke kK R R R ok K K R Rk ko K K K R kK

[ROOT 5.34/18| (v5-34-18@v5-34-18, May 28 2014, 11:18:25 on macosx64)

once a “Pro”

= = = CINT/ROOT C/C++ Interpreter version 5.18.00, July 2, 2010
version iIs II\SStEil|EEC’ Type 7?7 for help. Commands must be C++ statements.
. Enclose multiple statements between { }.
it can be used for a root (0] ]

while
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probably to most used commands

with ROOT

to exit root type In
root[0]: .q your shell: .q

perieanus-MacBook-Pro% root

3[()[] can see t']Eit I]]‘, e ke oo ke oo ke oo oo o o o o R o ok o ok oKk oKk
- #

root version is not * WELCOME to ROOT "
the latest one: +  Version 5.34/18 14 March 2094

* #*

ES :3!1/:!{; * You are welcome to visit ourAMeb site =

. * http://root.cern. *

* #*

ek e oo e oo ke oo oo ook kG ok ke ok ke ok ok ok koK ok

[ROOT 5.34/18| (v5-34-18€v5-34-18, May 28 2014, 11:18:25 on macosx64)

once a “Pro”

CINT/ROOT C/C++ terpreter version 5.18.00, July 2, 2010

\IEETESI()I\ |£; Ir1€5t21||63(i Type ? for helpX Commands must be C++ statements.
Enclose multyple statements between { }.

it can be used for a (root 0] .q)

. perieanus-MacBook-Pro% [
while

Adrian Perieanu ROOT Tutorial 1st April "15



if you do not want to see the ROOT logo

> root -l

perieanus-MacBook-Pro% root
B e

WELCOME to ROOT
Version 5.34/18 14 March 2014

You are welcome to visit our Web site
http://root.cern.ch

E R
E R

224 24 2 2 2 2k o o R A e R o R e ke K R R ok K R Rk ke ok ok K K Kk kK ok

> root -l -q

perieanus-MacBook-Pro% root
B e S e e

WELCOME to ROOT
Version 5.34/18 14 March 2014

You are welcome to visit our Web site
http://root.cern.ch

L
L

ok ok ok ok ok R ok oKk KR ok KR KRk KR KRk Kk oK ok Kk KRk K KRk Kk oK

ROOT 5.34/18 (v5-34-18@v5-34-18, May 28 2014, 11:18:25 on macosx64)

ROOT 5.34/18 (v5-34-18@v5-34-18, May 28 2014, 11:18:25 on macosx64)

CINT/ROOT C/C++ Interpreter version 5.18.00, July 2, 2010

CINT/ROOT C/C++ Interpreter version 5.18.00, July 2, 2010 Type ? for help. Commands must be C++ statements.

Type ? for help. Commands must be C++ statements.
Enclose multiple statements between { }.
root [@] .q

perieanus-MacBook-Pro%‘root -1
root [0]

Adrian Perieanu

Enclose multiple statements between { }.
root [@8] .qg

perieanus-MacBook-Pro% root -1

root [@] .q

perieanus-MacBook-Pro% rooq -1 -q ]
root [0]

perieanus-MacBook-Pro% [

with -l -q one starts

and exits in one line

ROOQOT Tutorial 1st April ‘15
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summary: installation

* go to: https://root.cern.ch/drupal/
(or: google > ROOT cern ch)

* check download section

* choose the binaries suited for your laptop configuration
(is time starting to avoid windows)

*on local PC: run the trick with the root from CERN afs

* start and exit ROOT

afs: comes from “Andrew File System”
— distributed file system with a set of trusted servers used to
present a homogeneous, location-transparent file name space
to all the client workstations (Carnegie Mellon University — Andrew Project)

Adrian Perieanu ROOT Tutorial 1st April '15 23
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clever people are per definition lazy

— and we are —

shell scripts

(crash course) edit shell script

all we can do by typing a command
in the shell script can be done faster
by a “script”

[nafhh-cms®2] ~ $ nano iniroot.sh*
[nafhh-cms82] ~ chmod 700 iniroot.sh
[nafhh-cms82] ~ source iniroot.sh

N

[nafhh-cms@] ~ s |

setup the rights:

/ GNU nano 1.3.12

. setup the shell ¥
#ibin/zsh .— here: we deal with a z-shell
source fafs/cern.ch/sw/lcg/external/gcc/4.3.2/x86_64-s1c5/setup.sh

cd fafs/cern.ch/sw/lco/app/releases/R00T/5.34.03/x8B6_64-s1lc5-gccd43-opt/root/

source bin/thisroot.sh \

File: iniroot.sh

e: bash, z-shell

t

copy & paste your line commands /

who is allowed to run the script:

Permissions: 751

"rEXITXTTX

Owner Group Other

Read 4
Write o
Execute 4 4
Numeric mode:
From one to four octal digits

Any omitted digits are assumed to be leading zeros.

The first digit = selects attributes for the set user ID (4) and set group ID (2) and save text image (1)S
The second digit = permissions for the user who owns the file: read (4), write (2), and execute (1)

The third digit = permissions for other users in the file's group: read (4), write (2), and execute (1)

The fourth digit = permissions for other users NOT in the file's group: read (4), write (2), and execute (1)

The octal (0-7) value is calculated by adding up the values for each digit
User (rwx) =4+2+1 =7

Group(rx) =4+1 =5

World (rx) =4+1 =5

chmode mode = 0755

Adrian Perieanu ROOT Tutorial 1st April "15
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clever people are per definition lazy

— and we are —

(& ) @ www.freeos.com/guides/lsst/ @ | [ shell scripts >IN B 3 A A48 O
\¥/

S,

] $
a more detailed 3 ‘i
- - Q - Qo
description e j

@
*nix Support | Implementation | Education | Development ”M’
(Formally know as vivek-tech.com)
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time for a break and (a lot of) questions

afterwards we go to the most unloved aspect of your next days:
finding documentation
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