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» Go through these slides

« Run some of the tutorials that come with ROOT
SROOTSYS/tutorials

* More slides and exercises on cosmetics (style) by Mira Kramer

What you do

* Try to run the same steps we demonstrate

 Ask questions at any time
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Introduction

ROOQOT is a Package for Data Analysis
ROOT Provides:

e Several C++ Libraries

- To store data in histograms
- To store data in n-tuples, called “ROQOT Trees”
- To visualize histograms and n-tuples

- To perform fits
 An Interactive Environment

- To run C++ programs interactively (C++ interpreter CINT) N

- To visualize data
- To perform fits /(Q
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Histograms are Important in HEP

Track Acceptance for ¢ quarks
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ROOT Information

* Web page: http://root.cern.ch/
* We use pro-version ROOT 5.30.00
» Experiment's Software may use previous versions + specific fixes

* You can download ROOT yourself and compile it,
for Linux, MacOS and Windows

* There is a User's guide at (still for 5.26)
http://root.cern.ch/drupal/content/users-guide

» Reference for all versions is available at
http://root.cern.ch/drupal/content/reference-guide

* The Class Index for the current pro version is available at
http://root.cern.ch/root/html/ClassIndex.html

The most important link in HEP — make it your homepage
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Class Index and Class Reference

ROOT » HIST » HIST » TH1F

* The full story:
class TH1F: public TH1, public TArrayF All ROOT Classes

TH1F methods

Q‘:‘ THIF : histograms with one float per channel. Maximum precision 7 digits a r E d : Cu m E nt E d Vi
Quick Links: ge Class T t I
ROOT I I I I I

Function Members (Methods)
Class Index

public:
THIF ()
Modules THI1F (const TVectorF& v)
THAF (const TH1F& h1f)
RIS Aty EHNHIES SINE THAF (const char name, const char* title, Int_t nbinsx, const Float_t* xbins)
AN MONTECARLO NET F THAF (const char* name, const ¢ itle, Int_t nbinsx, const Double_t* xbins)
THAF (const char* name, const @ Int_t nbinsx, Double_t xlow, Double_t xup)
virtual ~TH1F ()

virtual void AddBinContent ({Int_t bin) Ur Ce C

TH1F& operator= (const TH1F& h1 3 O see convention for numbering bins in TH1::GetBin
virtual void Reset (Option_t* eption = ™) /4 In case the bin number is greater than the number of bins and
virtual void SetBinContent (Int_t bin, Double_t content) 58 /{ the timedisplay optien is set or the kCanRebin bit is set,

virtual void SetBinContent (Int_t bin, Int_t, Double_t content) // the number of bins is automatically doubled to accomodate the new bin
virtual void SetBinContent (Int_t bin, Int_t, Int_t, Double_t content)

Jump to virtual void AddBinContent (Int_t bin, Double_t w)
C ROOT: ROOT:Math: ROOT:Math: Sta"@rtTCI'ﬂ“; g'ﬂ“ gOb_ & o) ; Od e
i e = i virtual voi opy |ec new) gs
ROOT:Math::SV ROOT:T ROOT::TI il THT® DeawGogry ©ption - oot e b .
TEveG TEveP TEveT TF TG TGH virtual Double_t GetBInContent (Int_t e /"_ . .
TGu TI TM TMV TMVA: TMa T| virtual Double_t GetBinContent (Int_t bin, Int ) { void THIF::SetBinContent(Int_t bin, Double_t centent)
virtual Double_t GetBinContent (Int_t gigInt_t, Int_t) col e g64| L )
"\— virtual TClass* IsA () const n SN // Set bin content

ColorStruct_t b
Cpulnfo_t
Event \Q

EventHeader

Event_t %
FileStat_t %
FontAttribute: t(b'
FontMetric:
Foption_t ()

if (bin = @) return;
if (bin »= fNcells-1) {
1f (f¥axis.GetTimeDisplay()) {
while (bin == fMcells-1) LabelsInflatel);
} else {
if (1TestBit(kCanRebin)) {

GCValues_t if (bin == fNcells-1) fArraylbin] = Float_t (content):
HistogramManage Manages all histograms return;

Meminfo_t Memory utilization information. by ) )

PictureAttribu while (bin »= fMcells-1) LabelsInflatel);

b

Point_t }

Procinfo_t System resource usage of given process. FArraylbin] = Flost t (content);
PYROOT fEntries++; -
PyROOT::TPyException C++ exception for throwing python exceptions FTsumw = 0;

PyROOT::TPyROOTApplication Setup interactive application 2685
e H
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Interactive ROOT

e Setup ROOT

- Depends on environment

- Possibility if you just know ROQOT's location:
SROOTSYS> sh bin/thisroot.sh

« At DESY/NAF: You can setup ROOT version with ini command
$> ini root530

* Be prepared to have to use different setups and versions of ROOT!

o Start ROOT interactively with
$> root

* At the ROOT prompt, enter
root [1] TBrowser t;

* This opens a browser GUI to show current ROOT objects, files etc in
memory
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CINT

« ROOT uses a C++ interpreter CINT for interactive use

TIR1)

* You can enter any C++ command; trailing “;” is not required

* Resetting the interpreter (erasing variables etc):
root[] gROOT->Reset ()

But more often a restart of ROOT is needed...
(my strategy: run ROOT in batch mode as much as possible)

« Special CINT commands start with a dot:
.qg Quit
.X script.C Execute script “script.C”
.L script.C Load script “script.C” (if script.C contains class definitions)
. ? Show all special commands

* More in Chapter 7: “CINT the C++ Interpreter’ of ROOT manual
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CINT Extensions to C++

B +

* If you create a pointer and assign to it with “new”, you don't need

to declare the pointer type:
h = new THLF (“h”, “histograni, 100, 0, 1)

- h is automatically of type TH1F*

(13

e “” can be used instead of “->”
=> Don't do that habitually!

* If you use a variable that has not been declared earlier,
ROQT tries to create one for you from all named objects it knows
=> |f you have opened a file that contains a histogram “hgaus’,

you can directly use
hgaus- >Dr aw( )

- But be careful: Sometimes you get a different object than you thought :-(
 Sometimes (often...) objects get created automagically

- Eg. TTree::Draw() creates a histogram and a canvas
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ROOT Histograms

* The most important class in ROOT for data analysis

* 1-Dimensional Histograms:class TH1F

- Gives the number of entries versus one variable

- By far the most common type
» 2-Dimensional Histograms: class TH2F

- Gives the number of entries versus two variables

- Used to show dependencies/correlations between variables
 Profile Histograms: class TProfile

- Gives the average of one variable versus another variable
- Used to quantify correlations between variables

- Often used to quantify reconstruction resolutions/biases:
Plot reconstructed quantity versus true (“generated”) quantity in Monte Carlo
events
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What Histograms Can Do

* Booking
TH1F(const char* nane, const char* title, int nbinsx, double xlow double xup);
TH1F(const char* name, const char* title, int nbinsx, const double* xbins);

 Filling
virtual int Fill(double x);
virtual int Fill(double x, double w);

« Getting information
virtual double GetBi nContent(int bin) const;
virtual double Get Maxi nun({doubl e nmaxval FLT _MAX) const;
virtual doubl e Get Maxi mnun{doubl e nmaxval FLT _MAX) const;

* Adding etc.
virtual void Add(TF1* hl, Double t c1 =1, Option_t* option);
likewise: Mul ti ply, Divide

* Drawing
virtual void Draw(Option_t* option);

 \Writing to a file (inherited from TObject)

virtual int Wite(const char* nane = "0", int option = 0, int bufsize = 0);
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A Histogram Code Example

file gausexanpl e. C

S e (e L, Her_e we boc,)’k the hlstogr_am
#i ncl ude <TFil e. h> *ID is “hgaus” (must be unique, short, no spaces)
#i ncl ude <TRandom h> *Title is “A Gauss Function”

. : *100 bins between -5 and 5
int main() {
THLF *histo = new TH1F (“hgaus”, “A Gauss

TRandom r nd;
for (int i = 0; i < 10000; ++i) { rnd is an object of type TRandom,

double x = rnd. Gaus (1.5, 1.0); a random number generator.

histo->Fill (x); rnd.Gaus returns a new Gaussian distributed
} random number each time it is called.

TFile outfile (“gaus.root”, “RECREATE’);
hi sto->Wite(); Open the ROOT output file

out L'r Ineb-CI sl Write the histogram to it
’ Close the output file

Compile and run:

$> g++ -1 “root-config --incdir -o gausexanpl e gausexanple.C "root-config --1libs"
$> ./ gausexanpl e
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TF1 Functions and Fitting

file tflexanple.C

#i ncl ude <TH1F. h> _ _ -
#i ncl ude <TF1. h> Defines a Gauss function
#i ncl ude <TFile. h> Note that the argument must be handed over by a pointer!!!

Doubl e t nygauss (Double t *x, Double t *par) {
/1 A gauss function, par[0] is integral, par[1] {nean, par[2] sigma

return 0.39894228*par[ 0]/ par[2] *exp(-0.5*pow ( -par[1])/par[2], 2));

}

int main() { Defines a TF1 function object
TF1 *gaussfun = new TF1 ("gaussfun", mygauss, -10, 10, 3); <IDis “gaussfun”
gaussf un->Set Paranmeters (100, 0., 1.); * It executes function mygauss

gaussf un- >Set Par Nanes ("Area", "Mean", "Sigm");
TFile *file = new TFile ("gaus.root");
THLF *hgaus = dynam c_cast <TH1F *>(fil e->Get ("hgaus"));

* It is valid for x between -10 and 10
* It has 3 parameters

I (hgaus) { _ Here we load the histogram “hgaus”
NEEMEE AT { CEIBST W) from the file “gaus.root”
} J and if it was found, we fit it.

file->Get () returns only a pointer to a TObj ect , which is a base class of TH1F.
With dynam c_cast we convert the pointer to the correct type.

If the object pointed to is not a THLF (it could something completely different!), the dynam c_cast
returns a null pointer.
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Remark: ROOT Coding Conventions

ROQOT uses some unusual coding conventions
just get used to them...

» Class names start with capital T: TH1F, TVector

 Names of non-class data types end with _t: Int_t

» Class method names start with a capital letter: TH1F::Fill()

» Class data member names start with an f: TH1::fXaxis

* Global variable names start with a g: gPad

e Constant names start with a k: TH1::kNoStats

» Seperate words with in names are capitalized: TH1::GetTitleOffset()

* Two capital characters are normally avoided: TH1::GetXaxis(),
not TH1::GetXAxis()
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window : ;
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root [2] = it
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ROOT Command Line

$> root

r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot
r oot

[ O]
[ 1]
[ 2]
[ 3]
[ 4]
[ 5]
[ 6]
[ 7]
[ 8]
[ 9]
[ 10]
[11]
[12]
[ 13]
[ 14]
[ 15]
[ 16]
[17]
[ 18]
[ 19]

TFile *file0 = TFile:: Open("gaus.root")

hgaus.
hgaus.
hgaus.

Draw( )
Dr aw( “E”)
Draw(“ C’)

gStyl e->Set Opt Stat (1111111)

hgaus. Get Xaxi s()->Set Titl e(" Absci ssa")
hgaus. Get Yaxi s()->SetTitl e(" O di nate")
gPad- >Set Logx( 1)

hgaus.

Dr aw( “ E2”)

hgaus. Set Li neCol or ( 3)

hgaus.
hgaus.
hgaus.
hgaus.
hgaus.
hgaus.
hgaus.

hgaus

Set Li neStyl e(2)
Set Li neW dt h(2)

Set Mar ker St yl e(20)
Set Mar ker Si ze( 1. 5)
Set Mar ker Col or (4)
Draw “E1")
SetFill Col or(4)
.Draw(“ C")

gPad->Pri nt (“gausl. ps”)

.q
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Interpreted scripts

* Un-named scripts:

b e < ostrcarm o includes not needed

cout << “Hello, Wrld'\n";
}

- Code must be enclosed in curly braces!

- Execute with
root[] .x script.C

 Named scripts:
#I ncl ude <i ostream h>
Int main() {
cout << “Hello, Wrld\n";

}

- More like normal C++ programs, recommended form!

- Execute with:
root[] .L script.C
root[] main()
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Compiled programs linked with ROOT

 Will normally be done by a Makefile

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

$> root-config --incdir
[ opt/ products/root/5.18. 00/i ncl ude
$> root-config --1ibs

-L/ opt/ products/root/5.18.00/1ib -1Core -1Cint -IH st -1 G af
-l Gaf3d -1 Gad -1 Tree -IRint -l Postscript -IMatrix -1 Physics
-pthread -Im-1dl -rdynamc

 To compile a file Example.C that uses root, use:
$> g++ -c -1 "root-config --incdir  Exanple.C

 To compile and link a file examplemain.C that uses root, use:

$> g++ -1 “root-config --incdir” -0 exanpl enmain
exanpl emain. C "root-config --11ibs’

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

* There is also a hybrid between interpreting and compiling: ACLIC
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Let's try now what we've seen so far...

Interpreted Example
e Set up ROOT
« Go to SROOTSYS/tutorials/hist
« $> root

e root [0] .x fillrandom.C

Compiled Example For each example inspect

* Go to SROOTSYS/test the output root File with

- $> make hsimple the TBrowser

e ./hsimple
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TFile and TDirectory

>
DBERL’\

* Root TFiles contain a * TFile's derive from TDirectory
sequence of ROOT objects

stored in TKey's within ROOT

- These form a directory hierarchy

ROOT File description - Like a meta-level file system

[ L s - Can be confusing at first (and
3 g Objec g gioiod g g ............ later...)
- — L ____________ 1
mEGM el —__=» o | oading and looking at

File Header Logical Record Header (TKEY) f RO OT F . I
‘root’: Root File Identifier THbytes: Length of compressed object CO n te n tS O a I e
fVersion: File version identifier fVersion: Key version identifier ) .
ey without the TBrowser
fEMD: Fointer to first free word at EOF Iz‘;‘::‘;s 33::5;“‘; L”:‘;‘; ‘:J’:t:he: It(';:t“"e
TSeekFree: Pointer to FREE data record

a i fCycle : Cycle number
fHbytesFree: Humber of hytes in FREE TSeekKey: Pointer to object on file
THfree: Humber of free data records

f3eekPdir: Pointer to directory on file —_— — l l
THhytesHame: Number of bytes in nameftitle fClassMame: class name of the object $ r O O t nt up e ) r O O t
TUnits: Humber of bytes for pointers THame: name of the object
fCompress: Compression level fTitle: title of the object

-S.1ls
-$ fileO->1s()
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Five Minutes on ROOT Trees

& <

« A ROQOT Tree holds many data records of the same type, similar
to an n-tuple. One record can be described by a C++ Class:

cl ass EventData {
public:
Int _t run;
Int_t event;
Fl oat t x;
Fl oat _t @;

« The ROOT Tree knows how many enries (here: events) it

contains.
It can fill one instance (one object) of class EventData at a time

with data, which we then can use to plot the data.
THLF *hi stox = new TH1F (“histox”, “Bjorken x”, 1000, 0., 1.);
TFile *file (“eventdata.root”);
TTree *tree = dynam c_cast<TTree *>(file->Cet(“eventdata’));
Event Data *t hedata = new Event Dat a;
TBranch *branchx = tree->GetBranch(“x”);
branchx- >Set Addr ess (&(event ->x));
for (int i =0; I <tree->GtEntries(); ++i) {
branchx->GetEntry(i);
hi stox->Fill (Xx);
}
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Trees, Branches, and Leaves

« A TTree can contain the whole data set

e But in “real” root files, often more than one tree are used
- Can be associated via “friendship”

A TTree spread over several TFiles is a TChain

e A TBranch contains the data of one or several variables, e.g. the x
and Q2 values of all events.

- A TTree consists of several TBranches.

- How the TBranches are set up is determined by the program that writes the
Tree

* A TLeaf is the data of a single variable (like x)

- A TBranch consists of several TLeaves
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Structure of a ROOT Tree

%@mm Tree Data Structure Logical Organisation
iieE IfBranches-—TOb;MrrayofTBranch o A TTree haS many entries

fScanField

B Brancfy() Branch 1—Branch 2 |—Branch 3}---

ecaser S * A TTree contains many

fEntries . N
fleaves = TOBjArray of Fleafl

:[;:I]::tsel:‘;uws —k—p|Leaf O—p |Leaf 1|—p |Leaf2]-------- TB ran Ch es

 rmmmserormarsemas— ) [~—|_{Type codes | - They can hold single variables (“n-

fBasketSize N TLenType: number of hytes of data type C : a character string
101fgel: relative 1o LeafD- fAddress o it si 7 7 -
fEventOffsetLen O : an A bit siyned integer
. THhytes10: number of bytes usedl for L0 b : an & hit insigned integer u p e O r CO I I l p eX O J e C S
TiMaxBaskets 6 fisMoinder: True if pointer ) -
) g e ‘T _“: - 5 : a 16 bit siyned short interjer
EAE ! flf ang:e. ‘m‘:r;e i: BES Bl = : & 16 hit nnsigned zhort interer

fAddress of Leafl
*fLeafCouni: poinis to Leaf counter

i Physical Organisation

,
THame: Branchnamg THame - Leal name I : & 3Z hit floatiny point

! - D : a 64 bit floading poind
fTitle: leaflist 1Tille - Leaf lype (see Type codes) I p
TH0CA 1 a class name TXOCH

1BaskeTEVen First event of each basket ¢ E a Ch b ra n Ch i S Saved i n
' Array of fidaxBaskets Integers

fBaskels iio_l?jﬁrray of H'?ii‘.skef Seve ra I T B aS ketS CO n ta i n i n g a
e —— L g g certain number of entries

.
T0hjLen: Size of uncompressed Daskel fEventOffset
TDatime: DatefMime when wrilten 1o slore . Offael of crenta in fHMTEr
TKeylen: NHumber of bytes for the key H Array of EventOffaciLen integers
.

TCycle : Cycle number .
) B
15eekkey: Pointer 10 Daskel on file TBufter

— « TBasket: minimal amount of data
R [ NN e that has to be read from disk

fName: Branch name Array of fBasketSize chars
TTille: Tree name i

/ ZipBuffer ',--""‘ .
ettt st et | | (et “Baskets » TBaskets are zipped
f Stores
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Using Trees

Creating

* The hsimple.cxx example was creating a TNtuple, a simplified
derivative of a TTree

 For some examples to create TTrees see
$ROOTSYS/tutorials/tree/tree*.C
Reading

* You will have an “event loop” which loops over all entries of the
tree.

» Use this data to select “good” entries and plot their properties in
histograms.

* The most simple way to use a TTree to do these steps is
TTree::Draw()
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The Sketch of an Analysis Program

Int main() {
[/ sonme initializations here: I
[/ readi ng steering paraneters
/] open event files The skeleton of such an analysis program
will typically be provided to you by your
/1 Book hi stograns supervisor
for (int i =0; 1 < events; ++i) {
/[l Load event nunber i into nmenory

/| Get/cal cul ate event properties
I f (selection_is filfilled) {
[/ fill histograns
}
}

[/ draw the histograns

/[l wite out histogramfile

[/ wite out info |Iike nunber of events etc...
return O;
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\,
That's all for today... g ¥
w2

 ROOT is best learnt by doing (like everything...)
* For support directly from the ROOT team there is the RootTalk

mailing list and forum
- ROOT support is know to be excellent, but please first ask locally or RTFM
e If you want, you can look at the sister-tutorial in the CERN

summer students lecture
http://indico.cern.ch/conferenceDisplay.py?confld=134329
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BACKUP
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Drawing Options for 1D-Histograms

" AXI S" |Draw only axis
" AH" [Draw histogram, but not the axis labels and tick marks
"1[" [When this option is selected the first and last vertical lines of the histogram are not
drawn.
"B" [Bar chart option
"C'" |Draw a smooth Curve througth the histogram bins
"E" |Draw error bars
"EO" |Draw error bars including bins with o contents
"E1" |Draw error bars with perpendicular lines at the edges
"E2" |Draw error bars with rectangles
"E3" |Draw a fill area througth the end points of the vertical error bars
"E4" |Draw a smoothed filled area through the end points of the error bars
"L" |Draw a line througth the bin contents
"P" |Draw current marker at each bin except empty bins
"PO" |Draw current marker at each bin including empty bins
"*H" |Draw histogram with a * at each bin
"LF2” |Draw histogram like with option "L" but with a fill area. Note that "L" draws also a fill
area if the hist fillcolor is set but the fill area corresponds to the histogram contour.
m—- Tutorials by Mira
G. Brandt 28.7.2011 An Introduction to ROOT
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Drawing Options for 2D-Histograms

AXI' S |Draw only axis

ARR |arrow mode. Shows gradient between adjacent cells

BOX [a box is drawn for each cell with surface proportional to contents

COL |a box is drawn for each cell with a color scale varying with contents

COLZ [same as "COL". In addition the color palette is also drawn

CONT |Draw a contour plot (same as CONTO)

CONTO |Draw a contour plot using surface colors to distinguish contours

CONT1 |Draw a contour plot using line styles to distinguish contours

CONT2 |Draw a contour plot using the same line style for all contours

CONT3 |Draw a contour plot using fill area colors

CONT4 |Draw a contour plot using surface colors (SURF option at theta = 0)

CONTS |Draw a contour plot using Delaunay triangles

LI ST [Generate a list of TGraph objects for each contour

FB |Draw current marker at each bin including empty bins

BB |Draw histogram with a * at each bin

SCAT |Draw a scatter-plot (default)

TEXT |Draw bin contents as text

TEXTnn [Draw bin contents as text at angle nn (0 < nn < 90)

[ cut g] |Draw only the sub-range selected by the TCutG named "cutg"

m—- Tutorials by Mira

G. Brandt 28.7.2011 An Introduction to ROOT

Page 30



What is a Cross Section?

* Imagine small area on proton's surface
If area cis hit by electron, an event of a certain type happens

Unit of 6 cm2, or barn: 1 barn = 10-24 cm2 = (10fm)?2
Area of proton: approx 0.02 barn (radius 0.8fm)
Typical cross sections at HERA: pb (10-36 cm?)

 |Instantaneous luminosity £:
Number of events per second per cross section
Unit of £: cm2 s-1, or nb-1 s
HERA-II Design Lumi:
51031 cm2 s1, or 50 pb-1 s

« Integrated luminosity: | £ dt
Number of events per cross section
Unit of | £dt: cm-2, or pb-? St Fare for
HERA-II values: order 100pb-1 ep > &'+ 2 jets + X
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How Do we Measure a Cross Section?

» The Master Formula:

Number of events: N=o - | £dt

* \We count events for a given data sample
=> observed number of events N

« For this data sample, we know the integrated luminosity | £ dt

» We are generally interested for cross sections for theoreticaly well
defined processes, e.g. for ep->e' X, 0.001<x<0.002, 5<Q?<6GeV?

« But we can only count events which we have observed, and where
we have reconstructed certain x, Q2 values, which are not exact

» => \We have to correct the observed number of events for
background, trigger and reconstruction inefficiencies, and
resolution effects
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How Do we Correct for Detector Effects?

* Analytical calculations generally not possible

* The Monte Carlo Method:
“Generate events” randomly, which have
the expected distributions of relevant
properties (x, Q2, number of tracks,
vertex position...)

e Simulate detector response to each such
event (h|tS 1a Chambers, energy N Calo) Measuring 1T with the Monte Carlo method:

The fraction f of random points within

the circle is 11/4.

* Pass events through same reconstruction e e (1) = 0.09
chain as data So: Tr/4 ~ f = 0.80 £ 0.09

andm~4f=3.2+0.3

 Now we have events where we can count events that truly fulfill
our cross section criteria, and those which pass the selection
criteria. The ratio is called “efficiency” and is used to correct the
data
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How Do we Count Events?

Typically: Write (and run) a program that

» Selects events with certain properties, e.g.:
- Scattered electron with energy E'.>10GeV

- Tracks visible that come from a reconstructed vertex with -35<z<35cm

- Reconstructed Bjorken-x > 0.001

« Counts events in “bins” of some quantity, e.g. Q2:
Q2 =10...20, 20...30, 30...40, ...

* Shows the number of events as a histogram
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