


Reference

Qd F—EPECMS £<E
https://indico.ihep.ac.cn/event/15418/

d ROOT online resources

U manual : https://root.cern/manual/basics/

J tutorial:

https://root.cern.ch/doc/master/group__ tutorial tree.html

J etc..
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LHC and HEPMC level

pp collision data

Columnar data
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pp collision data : reconstruction

!DelEhes level!
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’ Tracker

- 00000000

Electromagnetic y
Calorimeter
Hadron
Calorimeter Superconducting
Solenoid Iron return yoke interspersed
with muon chambers
Muon Electron Charged hadron (e.g. pion)
- ==-Neutral hadron (e.g. neutron) ----. Photon
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pp collision data : jet

QCD jets in reality...

Final State Radiation Detactor
(FSR) -
Initial State Radiation .. /| SN L 3o,
(ISR) ”Oofg?a,,
lo,?
p=—> . Beam
I Remnants
(uud)
Beam ;
Remnants %
s
Py
8/1/2014 /j ICNFP 2014
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Two types of ROOT data container for

“event” data : histogram Sbinned!

A

0 3 4

bin : T=7DI1E, LY pp>e+e FH ete- RERE
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Two types of ROOT data container for

“event” data : histogram Sbinned!

A

0

BE—1 event HERIESR
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Two types of ROOT data container for

“event” data : histogram Sbinned!

A

<> 4> ,
0 1 2 3 4

PFEFES— event NEEER
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Two types of ROOT data container for

“event” data : histogram Sbinned!

const int NEntry= 10000 ;

TH1F *hl = new TH1F("h1l","A simple histo",100,0,1);
//EREHE 10000k > H (0,1) 9599 %

for (int 1=0;1i<NEntry;i++)

hl->Fill( gRandom->Uniform() );
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Two types of ROOT data container for

“event” data : histogram Sbinned!

A

B

0 4

Fi&F (bin) NERAKRTHENAFERZTERSH ~PDF
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Two types of ROOT data container for

“event” data : histogram Sbinned!

A

B

0 2 3 4

B AEFZARR events IRFEERE S RAVINEES FR)F— LR
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Two types of ROOT data container for

“event” data : histogram Sbinned!

3
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Two types of ROOT data container for
“event” data : histogram (binned

}
10"3“. il il las e liagl |1.LL A

120 140 160
M, GeV

100

°f
3
ES
3
3
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Two types of ROOT data container for
“event” data : normalization

+E2{K scale

histogram->Scale(normalization)
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Two types of ROOT data container for
“event” data : normalization

1875 weighted events
histogram->Fill( m(e+e-), weight)

NS weight =2 cross section ,
AB 4 histogram BY normalization Fie
Number filled events X cross section

SNER HLATAE4E histogram” Y3—1KE! cross
section”S ,
N histogram->Scale(1/ total number of events)

| Number of events: N =0 - | £dt
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Luminosity at the LHC (pp collistion)

R

N, R xy.s-s;)
= N,Rxysss,)

N particles / bunch
P density *const.

N1Nof Ny

2 2 2 2
2m \/0-1-3; + Tog \/O-Qy + O-Qy

CMS Experiment at the LHC; CERN
Data recorded; 2016-Oct-14 09:56:16,738952 GMT
Run./ Event /1 S: 283171,/ 142530805 /254X,

~ S X

LHC parameters
“** Protons/bunch : ~104

L)

“* Bunch spacing : 25ns

* Max # of bunches : 27km/(c*25ns) ~ 3600

* Luminosity : 2x103% cm—2s?

* Average number of interactions

per bunch crossing (in-time pileup) :
N=LXO, s X 25ns X (3600/2556) ~ 50-60

< out-of-time pileup :
contribution from different(previous) bunch

L)

L0

4

L)

L)

LEP: e*e" Crossing rate 30 kHz
] T
22us

T T
- Tevatron Run |

3.5us
- Run Il

396ns

LHC: pp Crossing rate 40 MHz
T 0 U >0 0 T 0 o0 T 0T & 0 o0 0 1
25ns

o EE



Two types of ROOT data container for
“event” data : TTree (unbinned

a5 =® E % = =
A B e D 2 F G
1 A% %
2 FAME EX &F e W2 L £
3 K= 103 120 130 90 90 90 Al il ot
Z=[ 90 150 110 100 100 100

Branch -> Xthz%
Leaf -> XMWFIHPHNEITE

FBEE Excel

o] IR fEE 8 2RV,

branch FEREEERI IR — 1N E ZIEERE
Eb¥n std::vector, array, customized data type
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Two types of ROOT data container for

“event” data : TTree 5unbinned!

TFile*f = new

TFile("treel.root", "recreate");

TTree*tl = new

TTree("tl","test");

float px,py,pz; float random;const Int t kMaxTrack= 50;
int i;// 18 Tree t1 1Y brancAnt ntrack;
tl->Branch("px",&px, "px/F"); float px[kMaxTrack];
tl->Branch("py",&py, "py/F"); float py[kMaxTrack];
tl->Branch("pz",&pz,"pz/F"); TFile* f = new

tl1->Branch("1",&1,"1/1"); TFile("tree2.root","recreate");

for (1=0;1<5000;i++) { TTree*t2 = new

px = gRandom->Gaus(0,1); TTree("t2","Reconstevents");

pz = gRandom->Gaus(0,1); t2>Branch("ntrack",&ntrack, "ntrack/
pz = gRandom->Exp(10); I1");

random = gRandom->Rndm() ; t2->Branch("px", px, "px[ntrack]/F");

t1->Fill();// &% Tree t1  t2->Branch("py",py,"pyl[ntrack]/F");

}
tLszrkte(); Footer 18



Two types of ROOT data container for
“event” data : TTree 5unbinned!

TFile*f = new TFile("tree2.root","read");

TTree*t2 = (TTree*)f->Get("t2"); // ZB1: EXHFHENETE
const Int t kMaxTrack= 100; Int t ntrack;

Float t px[kMaxTrack]; //[ntrack]

Float t py[kMaxTrack]; //[ntrack]

// 18 2: FA SetBranchAddress K%

/| ¥ tree BY Branch 5 EXFHT £

// MAEER B EESR ©
t2->SetBranchAddress("ntrack", &ntrack);
t2->SetBranchAddress("px", px);
t2->SetBranchAddress("py", py);

// T8 3: WEhBEAEF

for (int i=0;i<nentries;i++) {
t2->GetEntries (1)

int Ntrack = ntrack;

for(int j = 0, j<ntrack, j++)

double pt = sqrt(px[jI*px[jl+py[jl*py[]])

23.08.2uz3 rooter 19



Visualization : canvas

TCanvas*myCl = new TCanvas("myC1l","A
Canvas",10,10,800,600);

// EX—1Ef
myCl->Divide(2,1); // FEMmDEMED
myCl->cd(1l); // #HAF—ED

fl1->Draw();
myCl->cd(2); // #HAEZH D
f2->Draw();

// 1 f2 AU REAE A2 TF(function in ROOT)
myCl->SaveAs("myex33.png"); // FRFELHHENEREZE
myCl->SaveAs("myex33.eps"); // REEHNENREE
myCl->SaveAs ("myex33.pdf"); // FRFELHEN PDF
myCl->SaveAs (“myex33.root”); // FRFESHHIEIN root binary XX1#
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ROOT 1I/O

1 ROOT binary dataformat

U Interactive mode
3 root -1 unweighted_events.root
4 s : list all object in root file

U create : TFile* file = new TFile("weighted_events.root",
“RECREATE”)

U read : TFile* file = new TFile("weighted_events.root", “READ”)
U write : obj->Write()
U close : file->Close()

23.08.2023 Footer
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Ways to use ROOT

4 The options for root

bash-3.2$ root -h

usage: root [-b B] [-x X] [-e E] [-n N] [-t T] [-q Q] [-1 L] [-a A] [-config CONFIG] [-h HELP] [--version VERSION] [--notebook NOTEBOOK]
[--web WEB] [--web=<browser> WEB=<BROWSER>]
[dir] [file:data.root] [filel.C...fileN.(C]

Run in batch mode without graphics

Exit on exceptions

Execute the command passed between single quotes

Do not execute logon and logoff macros as specified in .rootrc
Enable thread-safety and implicit multi-threading (IMT)

Exit after processing command line macro files

Do not show the ROOT banner

Show the ROOT splash screen

print ./configure options

Show summary of options
--version Show the ROOT version
--notebook Execute ROOT notebook
--web Display graphics in a default web browser
--web=<browser> Display graphics in specified web browser
[dir] if dir is a valid directory cd to it before executing
[file:data.root] Open the ROOT file data.root
[filel.C...fileN.(C] Execute the the ROOT macro filel.C ... fileN.C




Ways to use ROOT .

gauss_example.C

include <TH1.h>
#include <TFile.h>
#include <TRandom.h>

int main() {

TH1F *histo = new TH1F (“hgaus”,

100, -5.0, 5.0);

TRandom rnd;

for (int 1 = 0; i < 10000; ++i) {
double x = rnd.Gaus (1.5, 1.0)
histo->Fill (x); }

C++ like coding

“A Gauss Function”,

4

TFile outfile (“gaus.root”, “RECREATE");

histo->Write();
outfile.Close();
return 0; }

23.08.2023 Footer
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Ways to use ROOT . C++ like coding

gauss_example.C

Compile and run:
$> g++ -I "root-config --incdir -0 gausexample
gausexample.C “root-config --1libs™ $> ./gausexample

$ root-config --incdir
/Users/shiki/R0O0T/root_build/include
bash-3.2% root-config --1libs

-L/Users/shiki/R0O0T/root_build/1ib -1Core -1Imt -1RIO -1Net -1Hist -1Graf -1Graf3d -1Gpad -1RO0TVecOps

-1Tree -1TreePlayer -1Rint -1lPostscript -1Matrix -1Physics -1MathCore -1Thread -1MultiProc -1RO0TData
Frame -Wl,-rpath,/Users/shiki/RO0T/root_build/1ib -stdlib=libc++ -lpthread -1m -1dl




Ways to use ROOT . Macro / script

1 Unnamed script
examplel.C

{cout << "This is the first example!" << end];
int Num=5;

for (int i=0;i<Num;i++) {

cout<< "i=" << i << endl,;

}

}

U Run unnamed script

root examplel.C

23.08.2023 Footer
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Ways to use ROOT . Macro / script

U Named script : example2.C

£ C++ BFZHIT main()” KL

XNF—1N

xxx.C" B9 ROOT HiI]ZISS'(TfF INEIERIBLE X KIER -

A ROOT HITHIERNIZE" xxx()” BREX

void funcl in example2(int 1){

cout<< "i=
}

<< i << endl;

void example2(){
cout << "This is the second example!" << endl; int

Num=10;

for (int 1=0;i<Num;i++) {
funcl in example2(1i)

}

4 Run named script: root example2.C

23.08.2023
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Ways to use ROOT . Macro / script

U Named script : example2.C

£ C++ BFZHIT main()” KL

XNF—1N

xxx.C" B9 ROOT HiI]ZISS'(TfF INEIERIBLE X KIER -

A ROOT HITHIERNIZE" xxx()” BREX

void funcl in example2(int 1){

cout<< "i=
}

<< i << endl;

void example2(){
cout << "This is the second example!" << endl; int

Num=10;

for (int 1=0;i<Num;i++) {
funcl in example2(1i)

}

4 Run named script: root example2.C

23.08.2023

Footer
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ROOT interactive mode

 root
root [0] TFile *fileO

TFile: :0Open("gaus.root")
root [1] hgaus.Draw()
root [2] hgaus.Draw(“E")

U run macro / script / c++ like code in interactive mode
1 unnamed macro : .x examplel.C

U named macro : .L example2.C

example2()
O c++ like : .L gauss_example.C

main()
23.08.2023 Footer
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ROOT “interactive mode

running in a non-interactive wax”

J Example : TTree MakeClass MyClass
d  gSystem->CompileMacro(" MyClass.C","g0ck")

(k : keep shared library even when session is over)
gSystem.Load(MyClass_C’)
MyClass* m = new MyClass()

23.08.2023 Footer 29



ROOQOT in Python

Getting started &

When ROOT is installed, you can use PyROOT both from the Python prompt and from a
Python script. The entry point to PyROOT is the RO0T module, which you must import first:

Then you can access the ROOT C++ classes, functions, etc. via the ROOT module.
Example

This example shows how you can create a histogram (an instance of the TH1F class) and
randomly fill it with a gaussian distribution.

h = ROOT.THIF("myHist", "myTitle", 64, -4, 4)

h.FillRandom("gaus™")

23.08.2023 Footer
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https://root.cern/manual/python/

Demonstration

https://root.cern.ch/doc/master/hvector 8C.html

23.08.2023 Footer
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https://root.cern.ch/doc/master/hvector_8C.html

RootExAnalysis

https://cp3.irmp.ucl.ac.be/projects/ExRootAnalysis/wiki/
UserManual

// Load shared library
gSystem->Load("1lib/1libExRootAnalysis.so");
gSystem->Load("1ibPhysics");

// Create chain of root trees
TChain chain("LHCO");
chain.Add("pgs_events.root");

// Create object of class ExRootTreeReader
ExRootTreeReader *treeReader = new ExRootTreeReader (&chain);
Long64_t numberOfEntries = treeReader->GetEntries();

// Get pointers to branches used in this analysis
TClonesArray *branchJet = treeReader->UseBranch("Jet");
TClonesArray *branchElectron = treeReader->UseBranch("Electron");

// Book histograms
TH1 *histJetPT = new TH1F("jet pt", "jet P_{T}", 100, 0.0, 100.0);
TH1 *histMass = new TH1F("mass", "M {inv}(e_ {1}, e {2})", 100, 40.0, 140.0);

// Loop over all events
for(Int_t entry = 0; entry < numberOfEntries; ++entry) {

// Load selected branches with data from specified event
treeReader->ReadEntry(entry);

// If event contains at least 1 jet
if (branchJet->GetEntries() > 0) {

// Take first jet
TRootJet *jet = (TRootJet*) branchJet->At(0);

// Plot jet transverse momentum
histJetPT->Fill(jet->PT);
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Delphes

https://cp3.irmp.ucl.ac.be/projects/delphes/wiki/WorkBook

https://cp3.irmp.ucl.ac.be/projects/delphes/wiki/WorkBook/R
ootTreeDescription

void Examplel(const char *xinputFile)
gSystem—>Load (" libDelphes");

// Create chain of root trees
TChain chain("Delphes");

chain-Add{inputFite); More examples in macro or python
// Create object of class ExRootTreeReader . .
ExRootTreeReader xtreeReader = new ExRootTreeReader(&chain); S(:rll)t Elt .

Long64_t numberOfEntries = treeReader—->GetEntries();
// Get pointers to branches used in this analysis DEIPheS/exampleS
TClonesArray *branchJet = treeReader->UseBranch("Jet");

TClonesArray xbranchElectron = treeReader—>UseBranch("Electron");

// Book histograms

TH1 xhistJetPT = new TH1F("jet_pt", "jet P_{T}", 100, 0.0, 100.0);
TH1 xhistMass = new TH1F("mass", "M_{inv}(e_{1}, e_{2})", 100, 40.0, 140.0);
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Homework

U Generate leading order process each separately

1. p p > e+ e- (all contributions)
2.pp>2z,z> et e-(zis on-shell)
3.pp > e+ e- $z (forbids s-channel z to be on-shell)

BT m(e+e-) BVFEIRE], IRUETEE 1= %2 2+ H1E 3
HREE XTI —EIER ST & E

1.
2.

m(e+e-) 81T LHE event 52! ( ExRootanalysis )
m(e+e-) 3814 Delphes FFHY Electron ( WUTIE ) 18
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