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® Delphes#y 43 5 1% A

e Wi
https://delphes.qgithub.io/
=

&2 =% qgce. tcl. root, KJE

wget http://cp3.irmp.ucl.ac.be/downloads/Delphes-3.5.1.tar.gz
tar -zxf Delphes-3.5.1.tar.gz

cd Delphes-3.5.1
make -j 4

A
cd Delphes-3.5.1

mkdir build
cd build

cmake -DCMAKE INSTALL PREFIX=../install ..
make -j 4 install

<11 >
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® Delphes#y 43 5 1% A

o BN
LHE. HepMC. StdHep. ProMC
. HBBX4
ROOT
o BAT
ARAE T B 89 i N S K 5 ¥ AT LA, Bl 3m 3 FTLHE S A4+

./DelpheslLHEF cards/delphes card CMS.tcl delphes output.root input.lhef
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o BLE X AHE

VA delphes_card ATLAS.tcl
A7)

ExecutionPath T A% & &
ANAE S 0 AT IR A

W 00 ~ v wn

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

set ExecutionPath {
ParticlePropagator

ChargedHadronTrackingEfficiency
ElectronTrackingEfficiency
MuonTrackingEfficiency

ChargedHadronMomentumSmearing
ElectronMomentumSmearing
MuonMomentumSmearing

TrackMerger

ECal
HCal

Calorimeter
EFlowMerger
EFlowFilter

PhotonEfficiency
PhotonIsolation

ElectronFilter
ElectronEfficiency
ElectronIsolation

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
5@
51
52
53
54
55
56
57

ChargedHadronFilter

MuonEfficiency
MuonIsolation

MissingET
NeutrinoFilter
GenJetFinder
GenMissingET
FastJetFinder
JetEnergyScale

JetFlavorAssociation

BTagging
TauTagging

UniqueObjectFinder
ScalarHT

Treelriter
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ParticlePropagator

HAHAA A AR AR H R A AR AR AR AR #H

\)‘; E\I i £ 2
# Propagate particles in cylinder @ %'L%/ﬁ— e %*éﬁ{%%é\
HEHHH AR R R R @ FF 5.

chargedHadrons, electrons,

module ParticlePropagator ParticlePropagator { N
set InputArray Delphes/stableParticles Muons=r

set OutputArray stableParticles

set ChargedHadronOutputArray chargedHadrons
set ElectronOutputArray electrons

set MuonOutputArray muons

# radius of the magnetic field coverage, in m

set Radius 1.15

# half-length of the magnetic field coverage, in m
set HalflLength 3.51

# magnetic field
set Bz 2.@

} <16 >
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Y] Delphesf“ﬁ"b*ﬁiﬂ 8 ChargedHadronTrackingEfficiency
2

9 ElectronTrackingEfficiency

MuonTrackingEfficiency

« Efficiency

HAF R AR H AR A A A AR HARH

# Electron tracking efficiency

i

module Efficiency ElectronTrackingEfficiency {
set InputArray ParticlePropagator/electrons
set OutputArray electrons

# set EfficiencyFormula {efficiency formula as a function of eta and pt}

# tracking efficiency formula for electrons

set EfficiencyFormula { (pt <= ©.1) * (0.00) +
(abs(eta) <= 1.5) * (pt > ©.1 && pt <= 1.0) * (8.73) +
(abs(eta) <= 1.5) * (pt > 1.8 && pt <= 1.0e2) * (©.95) +
(abs(eta) <= 1.5) * (pt > 1.8e2) * (©.99) +
(abs(eta) > 1.5 && abs(eta) <= 2.5) * (pt > @.1 8&& pt <= 1.09) * (8.50) +
(abs(eta) > 1.5 && abs(eta) <= 2.5) * (pt > 1.6 && pt <= 1.0e2) * (©.83) +
(abs(eta) > 1.5 && abs(eta) <= 2.5) * (pt > 1.ee2) * (8.90) +
(abs(eta) > 2.5) * (@.00)}



25 PhotonEfficienc Al
q Del phe89ﬁﬁ4b*§ *‘% Y &/ T§UNG-DAO L,:ESJ;NSTITUTE
29 ElectronEfficiency
« Efficiency 34 MuonEfficiency
HAAFHARHEHAARH AR HEH
# Photon efficiency
HAHAAHHAHAAHAAHARAH

module Efficiency PhotonEfficiency {
set InputArray ECal/eflowPhotons
set OutputArray photons

# set EfficiencyFormula {efficiency formula as a function of eta and pt}

# efficiency formula for photons
set EfficiencyFormula { (pt <= 10.8) * (©.00) +
(abs(eta) <= 1.5) * (pt > 18.8) * (©.95) +
(abs(eta) > 1.5 && abs(eta) <= 2.5) * (pt > 18.8) * (©.85) +
(abs(eta) > 2.5) (e.ee)}

¥*

<18 >



® DelpheSé“ﬁ'fb*ﬁiﬂ 12 ChargedHadronMomentumSmearing ) ik d L
— 13 ElectronMomentumSmearing %/ TSUNGDAO LEE INSTITUTE
14 MuonMomentumSmearing

« MomentumSmearing

HEH#HHEHEHHEH S EHEE
# Momentum resolution for electrons
HEH#HHEHEHH TS HEHEHEEEH

module MomentumSmearing ElectronMomentumSmearing {
set InputArray ElectronTrackingEfficiency/electrons
set OutputArray electrons

# set ResolutionFormula {resolution formula as a function of eta and energy}

# resolution formula for electrons

set ResolutionFormula { (abs(eta) <= ©.5) * (pt > ©.1) * sqrt(©.0322 + ptr2*1.3e-322) +
(abs(eta) > ©.5 && abs(eta) <= 1.5) *¥ (pt > ©.1) * sgrt(e.e5"2 + ptnr2*1.7e-372) +
(abs(eta) > 1.5 && abs(eta) <= 2.5) * (pt > ©.1) * sqrt(©.1542 + ptr2*3.1e-322)}

// apply smearing formula
C //pt = gRandom->Gaus(pt, fFormula->Eval(pt, eta, phi, e) * pt);
ok

’Q res = (res » 1.©) ? 1.9 : res;

MomentumSm

= * .
earing pt LogNormal(pt, res pt);
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

set ExecutionPath {
ParticlePropagator

ChargedHadronTrackingEfficiency
ElectronTrackingEfficiency
MuonTrackingEfficiency

ChargedHadronMomentumSmearing
ElectronMomentumSmearing
MuonMomentumSmearing

TrackMerger

ECal
HCal

EFlowMerger

PhotonEfficiency
PhotonIsolation

ElectronFilter
ElectronEfficiency
ElectronIsolation

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
5@
51
52
53
54
55
56
57

ChargedHadronFilter

MuonEfficiency
MuonIsolation

NeutrinoFilter
GenJetFinder
GenMissingE
FastJetFinder
JetEnergyScale

JetFlavorAssociation

BTagging
TauTagging

UniqueObjectFinder

Treelriter
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® Delphes-# AL 4E 4 18 ECal
19 HCal

« SimpleCalorimeter
HCAL.:

# 10 degrees towers
set PhiBins {}
for {set i -18} {$i <= 18} {incr 1} {
add PhiBins [expr {$i * $pi/18.0}]
}
foreach eta {-3.2 -2.5 -2.4 -2.3 -2.2 -2.1 -2 -1.9 -1.8 -1.7 -1.6 -1.5 -1.4 -1.3 -1.2
-1.1 -1 -8.9 -8.8 -6.7 -©0.6 -6.5 -6.4 -0.3 -0.2 -0.1 6 6.1 0.2 ©.3 6.4 6.5 6.6 6.7
.89.911.11.21.31.41.51.61.71.81.922.12.22.32.42.52.6 3.3} {
add EtaPhiBins $eta $PhiBins

# 20 degrees towers

set PhiBins {}

for {set i -9} {$1i <= 9} {incr i} {
add PhiBins [expr {%$i * $pi/9.0}]

}

foreach eta {-4.9 -4.7 -4.5 -4.3 -4.1 -3.9 -3.7 -3.5 -3.3 -3 -2.8 -2.6 2.8 3 3.2 3.5
3.7 3.9 4.1 4.3 4.5 4.7 4.9} {

add EtaPhiBins $eta $PhiBins
<21>
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19 HCal * TSUNG-DAO LEE INSTITUTE

« SimpleCalorimeter
HCAL.:

# energy fractions for K@short and Lambda
add EnergyFraction {318} {©.7}
add EnergyFraction {3122} {©.7}

# http://arxiv.org/pdf/hep-ex/0004009v1

# http://villaolmo.mib.infn.it/ICATPP9th_20@5/Calorimetry/Schram.p.pdf

# set HCalResolutionFormula {resolution formula as a function of eta and energy}

set ResolutionFormula { (abs(eta) <= 1.7) * sgrt(energy”2%0.08302"2 + energy*0.520572 + 1.59/2) +
(abs(eta) > 1.7 && abs(eta) <= 3.2) * sgrt(energy”2*6.0500"2 + energy*0.70672) +
(abs(eta) > 3.2 && abs(eta) <= 4.9) * sqgrt(energy”2*9.0942872 + energy*1.086"2)}

<22 >
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« PdgCodeFilter

32 ChargedHadronFilter 39

) A d A R T
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NeutrinoFilter

module PdgCodeFilter ElectronFilter {

module PdgCodeFilter EFlowFilter { z::
set InputArray EFlowMerger/eflow set
set OutputArray eflow add

add
add PdgCode {11} }
add PdgCode {-11} module
add PdgCode {13}
add PdgCode {-13} set

} set

module PdgCodeFilter ChargedHadronFilter { set
set InputArray HCal/eflowTracks
set OutputArray chargedHadrons :3:

add
add PdgCode {11} add
add PdgCode {-11} add
add PdgCode {13} add
add PdgCode {-13}

InputArray HCal/eflowTracks
OutputArray electrons
Invert true

PdgCode {11}

PdgCode {-11}

PdgCodeFilter NeutrinoFilter {

InputArray Delphes/stableParticles
OutputArray filteredParticles

PTMin ©.@

PdgCode {12}
PdgCode {14}
PdgCode {16}
PdgCode {-12}
PdgCode {-14}
PdgCode {-16}

< 23>
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——— 30 ElectronIsolation
. 35 MuonIsolation
* |solation

module Isolation PhotonIsolation {

set
set

set

set

set

set

AR<R, pr(i)>pF'™™

CandidateInputArray PhotonEfficiency/photons EE: (i)
IsolationInputArray EFlowFilter/eflow Zr P
I(P) =
pr(P)

OutputArray photons

DeltaRMax ©.5

PTMin ©.5

PTRatioMax ©.12

< 24 >
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43 FastJetFinder '"

 FastJetFinder

module FastletFinder FastJetFinder {
set InputArray Calorimeter/towers

set OutputArray jets
# algorithm: 1 CDFJetClu, 2 MidPoint, 3 SIScone, 4 kt, 5 Cambridge/Aachen, 6 antikt
set JetAlgorithm 6

set ParameterR 8.6

set JetPTMin 20.8©

< 25>
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* EnergyScale

module EnergyScale JetEnergyScale {
set InputArray FastJetFinder/jets
set OutputArray jets

# scale formula for jets
set ScaleFormula { sqgrt( (2.0 - ©.2*(abs(eta)))”2 / pt + 1.8 ) }

<26 >
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« JetFlavorAssociation

47 JetFlavorAssociation

module JetFlavorAssociation JetFlavorAssociation {

set
set
set
set

set
set
set

PartonInputArray Delphes/partons
ParticleInputArray Delphes/allParticles
ParticleLHEFInputArray Delphes/allParticlesLHEF
JetInputArray JetEnergyScale/jets

DeltaR ©.5
PartonPTMin 1.0
PartonEtaMax 2.5

) A d 4 R

L (B )

e’/ TSUNG-DAO LEE INSTITUTE

<27 >



q Delphe89ﬁﬁ4b*§*ﬂ 49 BTagging & E{J\NEE)A%L,:ESJ;N'S‘;ET:JTE
« BTagging

module BTagging BTagging {
set JetInputArray JetEnergyScale/jets

set BitNumber ©

# add EfficiencyFormula {abs(PDG code)} {efficiency formula as a function of eta and pt}
# PDG code = the highest PDG code of a quark or gluon inside DeltaR cone around jet axis
# gluons PDG code has the lowest priority

# based on ATL-PHYS-PUB-20815-©622

# default efficiency formula (misidentification rate)
add EfficiencyFormula {@} {©.082+7.3e-06%pt}

# efficiency formula for c-jets (misidentification rate)
add EfficiencyFormula {4} {©.2@*tanh(8.02*pt)*(1/(1+€.8034%pt))}

# efficiency formula for b-jets

add EfficiencyFormula {5} {©.8@*tanh(@.e03*pt)*(30/(1+0.086%pt))}
} <28 >
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® DGlph@S’;‘ﬁ'pﬁa*ﬁ"}ﬂ 50 TauTagging

« TrackCountingTauTagging

# instructions: {n-prongs} {eff}

# 1 - one prong efficiency

# 2 - two or more efficiency
# -1 - one prong mistag rate

# -2 - two or more mistag rate

set BitNumber ©

# taken from ATL-PHYS-PUB-2015-045 (medium working point)
add EfficiencyFormula {1} {©.70}
add EfficiencyFormula {2} {©.68}
add EfficiencyFormula {-1} {©.82}
add EfficiencyFormula {-2} {©.01}

<29 >



® DelphesHH ALAR 4k

« UnigqueObjectFinder

52 UniqueObjectFinder

AR T AT AR R AT R A A R IR AR T AT IR R IR AR A TR AR YR FAFAFY
# Find uniquely identified photons/electrons/tau/jets
AR TR R R AT A A R IR AR T AT IR R IR AR A TR IR RFAFAFY

module UniqueObjectFinder UniqueObjectFinder {

# earlier arrays
# add InputArray
add InputArray
add InputArray
add InputArray
add InputArray

take precedence over later ones
InputArray OutputArray
PhotonIsolation/photons photons
ElectronIsolation/electrons electrons
MuonIsolation/muons muons
JetEnergyScale/jets jets

< 30>
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e TreeWriter

# tracks, towers and eflow objects are not stored by default in the output.
# if needed (for jet constituent or other studies), uncomment the relevant
# "add Branch

56 TreelWriter

..." lines.

module TreeWriter TreeWriter {

# add Branch InputArray BranchName BranchClass
add Branch Delphes/allParticles Particle GenParticle

add
add

add
add
add

add
add

add
add
add
add
add
add

Branch
Branch

Branch
Branch
Branch

Branch
Branch

Branch
Branch
Branch
Branch
Branch
Branch

TrackMerger/tracks Track Track
Calorimeter/towers Tower Tower

HCal/eflowTracks EFlowTrack Track
ECal/eflowPhotons EFlowPhoton Tower
HCal/eflowNeutralHadrons EFlowNeutralHadron Tower

GenJetFinder/jets Genlet Jet
GenMissingET/momentum GenMissingET MissingkT

UniqueObjectFinder/jets Jet Jet
UniqueObjectFinder/electrons Electron Electron
UniqueObjectFinder/photons Photon Photon
UniqueObjectFinder/muons Muon Muon
MissingET/momentum MissingET MissingET
ScalarHT/energy ScalarHT ScalarHT

\ A d 4R T
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macros display
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copy template/example module to the new one:
cp modules/ExampleModule.h modules/NewModule.h

cp modules/ExampleModule.cc modules/NewModule.cc

edit new module:
vi modules/NewModule.h

vi modules/NewModule.cc

add new module to modules/ModulesLinkDef.h:
#include "modules/NewModule.h"

#pragma link C++ class NewModule+;

regenerate Makefile:
./configure

rebuild Delphes:
make -j 4

Y A d AT

e/ TSUNG-DAO LEE INSTITUTE
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Ldelphes card ATLAS PileUp.tcl A 17 :
* PileUpMerger

module PileUpMerger PileUpMerger {
v ’I%‘ Bias$ 'W] ,Lf] /@lliﬁig set InputArray Delphes/stableParticles

4545524%‘ set ParticleOutputArray stableParticles
v ETV/(‘L;;,%_Iﬁ Iz ‘;nghb?]?ﬂﬂﬂ’ set VertexOutputArray vertices
ANVARA
Ig’]téﬁéj\jﬁ # pre-generated minbias input file
v *BXT%Zin’J%‘g'f%Z/%#%% set PileUpFile MinBias.pileupI
jﬂJﬁﬁ,Eiq) # average expected pile up

set MeanPileUp 50

# maximum spread in the beam direction in m
set ZVertexSpread 6.25

# maximum spread in time in s
set TVertexSpread 866E-12

# vertex smearing formula f(z,t) (z,t need to be respectively given in m,s)
set VertexDistributionFormula {exp(-(t*2/160e-12"2/2))*exp(-(z*2/©.853"72/2))}
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® Pileup BY) £k d 4

Ldelphes card ATLAS PileUp.tcl A 17 :
* TrackPileUpSubtractor

module TrackPileUpSubtractor TrackPileUpSubtractor {
# add InputArray InputArray OutputArray
add InputArray Calorimeter/eflowTracks eflowTracks
add InputArray ElectronFilter/electrons electrons
add InputArray MuonMomentumSmearing/muons muons

# assume perfect pile-up subtraction for tracks with |z| > fZVertexResolution

# Z vertex resolution in m
set ZVertexResolution {©.0001}

<35>



® Pileup

« FastJetGridMedianEstimator. TrackPileUpSubtractor

#| A fastjet area method 37 % pileup*tjetség 1w #k

Use the FastJet Area approach (Cacciari, Salam, Soyez)
compute p = event pile-up density
jet correction : pT — pT — pA (JetPileUpSubtractor)

isolation : ) pT — ) pT — pnR?2 (Isolation module itself)

i § A 5T

< 36 >
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Finclude <lostream>
#include <sstream>
#include <stdexcept>
using namespace std;

#ifdef _ CLING

R__LOAD_LIBRARY(1libDelphes)

#include "classes/DelphesClasses.h"”

#include "external/ExRootAnalysis/ExRootTreeReader.h"
#include "external/ExRootAnalysis/ExRootResult.h”
#include "external/ExRootAnalysis/ExRootTreeBranch.h"
#include "TClonesArray.h"

#else

class ExRootTreeReader;

class ExRootResult;

#endif

< 37 >
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19
0
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

M

void drawm()

{

gSystem->Load("1ibDelphes™);

// Create chain of root trees
TChain *t = new TChain("Delphes™);
t->Add("mumu_pythia.root");

// Create object of class ExRootTreeReader
ExRootTreeReader *treeReader = new ExRootTreeReader(t);

// Book the histogram of invariant mass
TH1F *h = new TH1F( "h", "h", 50, ©., 200. );

// Get pointers to branches used in this analysis
TClonesArray *branchEvent = treeReader->UseBranch("Event”);
TClonesArray *branchMuon = treeReader->UseBranch("Muon");

// Loop over all events
Long64_t numberOfEntries = treeReader->GetEntries();
for(Int_t entry = ©; entry < numberOfEntries; ++entry)
{
// Load selected branches with data from specified event
treeReader->ReadEntry(entry);



44 TLorentzVector momentum;
A N\ 2
® lé’ﬁ $é{3${§dé’ #ﬁ‘ 45 Int_t nMuon = ©;

46 for ( unsigned int ii = @ ; 1i < branchMuon->GetEntries() ; 1i ++ )
47 {

48 Muon *mu = (Muon*) branchMuon->At( ii );
49 if ( mu->PT > 20. ){

=1%) nMuon ++ ;

51 momentum += mu->P4();

52 }

53 }

54 // 2 muons

55 if ( nMuon !=2 ) continue;

56 // invariant mass of muons

57 Double_t inv_mass = momentum.M();

58 h->Fill(inv_mass);

59

60 }

61 delete treeReader;

62

63 // Draw histogram

64 auto ¢l = new TCanvas("cl1","cl1l",750,550);
65 h->Draw();

66

67 }
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