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* Motivation of the analysis
* Steps of an analysis: from scratch to the end

* Dataset to ntuple
* Analyzer to make ntuple

* Analyze ntuple
* Background
* Fit the mass spectrum
* Significance



Motivation

* What is the exotic hadron /R

4 MeSOh N\ ( Baryon

?

\ | V2ANE AR, Diquark-diantiquark
N

Pentaquark
Glueball

* Why we want to study exotic hadron

» Why at CMS

* CMS can provide data with high production energy
* And can provide more spin possibility than ee collider
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What channel we want to study

* ] /Y can be easily tagged/reconstructed

* Resonances in J /Y] /Y most likely contains at least 4 charm quarks
* Otherwise decays to J /Y] /1Y will be suppressed

* Study the channel: J/Y] /Y - utu - utu~



How to do this analysis from scratch

* We now have chosen the channel:

pp{ H]/I/J]/I/J]—{M Ty }\

ﬂ ntermediate state\

Mother of J/psi pair

\Is there such signal}
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How to do the analysis from scratch

CMS detector

Dataset/MC at
Tierl & Tier2: — Ntuples/trees in
AOD, MiniIAOD, root files
NanoAOD Your algorithm
iIn CMSSW

PP
collision HLT

Calibration
Reconstruction

Tracks/showers detected
by CMS detector

Analysis ntuples with ROOT/RooFit:
BKG shape, signal shape, efficiency, resolution--
Fit to mass distribution (Set upper limit)
Significance, Systematic uncertainties

Generator:

: Digi &
SIgELENE Simulation -

MC

i
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What/where Is the data
» Our channel: pp = X = J /Y] /Y =t u~pt |

Dataset/MC at _
Tiery & Tier2: — Ntuples/trees in
AOD, MiiniAOD, root files
NanoAOD Your algorithm
in CMSSW

* What data we should use”
* Unfortunately, no webpage which contains all datasets and their triggers
* Ask supervisor, colleagues, convenors
* Lookup in DAS: CMS Data Aggregation Service (cern.ch)
* Explore in PAmV: PdmVRun3Analysis < CMS < TWIiki (cern.ch)

T * G O © =
[CM: 3:;: Aggregation System (DAS): Home | Services | Keys | Bug report | Status | CLI | FAQ | . Yeat ;’:‘;A P d m\/ p a g e
4 2022 Era definition
results format: [list_~ . [50 ] resultsipage, dbs instance prodiglobal |, (Search) (Reset) + Early Analyses Information . .
1 2022 Analysis Summary Table |_| N kS to d ataset N DAS

DAS page | . e

Help: DAS queries + DATA

+ Prompt Reco

e [ romems s e.coe) . Applied triggers
20 . run1asize [l Remark on the Dataset DeflnltlDT ( ~ Wh at eveﬂtS | n d atasets)

through the ERAs
| NS

oo

The wild-card can be used to specify the pattern. The list of supported DAS keys can be found in Services sect}



https://cmsweb.cern.ch/das/
https://twiki.cern.ch/twiki/bin/view/CMS/PdmVRun3Analysis

What/where Is the data

* From PdmV:

Prompt Reco

PDs set

Primary name
of dataset

as, MinimumBias, EGamma, BTagMu,
DisplacedJet, JetHT, MET, Tau, DoubleMuon,
MuonEG, SingleMuon, ScoutingPFMonitor,
ScoutingPFRun3, ParkingBPH [1-5],
ParkingDoubleElectronLowMass [0-5],
ParkingDoubleMuonLowMass [0-7]

ZeroRias MinimiimRias FGamma RTaalMu

vi25

C A FE2 | hups//cmsweb.cern.ch/das/request?view=listalimit=S0&instance=prod%2Fglobal &input agtaset%3D%2F *%2F*2022C-Prompt%2EMINIAOD

;1 Data Aggregation System (DAS): Home | Services | Keys | Bug rep

| Status | CLI | EAQ | Hd

results format: [list ), [50 v|results/page, dbs instance prod/giobal |,

dataset=/*/*2022C-Prompt*/MINIAOD

Show DAS keys description

Showing 1—50 records out of 72.

By default DAS shows dataset'with VALID status. To query datasg D AS p a g e use
dataset status=* dataset=/%/%2022C-Prompts/MINIAOD

Dataset Mmmmmmmﬂmmum

Creation\time- 7-20 15:24:54 Cross section: 0 Physics group: NoGroup Status: VALID Type: data

Release, Blocks, Files, Runs, Configs, Parents, Children, Sites, Physics Groups XSDB Sources: show

Dataset: /Commissioning/Run2022C-PromptReco-v1/MINIAOD

Creation time: 2022-07-20 15:22:35 Cross section: 0 Physics group: NoGroup Status: VALID Type: data

Release, Blocks, Files, Runs, Configs, Parents, Children, Sites, Physics Groups XSDB Sources: show

Dataset: [Dis| ptReco-v1/MINIAOD
Creation time: 2022-07-20 15:25:01 Cross section: 0 Physics group: NoGroup Status: VALID Tyge data

<first | p)

Can explore all
datasets like this

Then check the triggers/cuts of a primary dataset
in confDB: ConfDB < CMS < TWIki (cern.ch)
- ConfDB Web mterface

Open remote config

Open Configuration

- 2038 = Creno

ion  Created " helesseTa
v o 202210 .
O Jamiang  Mestol  CMSSW.12.40
bl
Howsgerpags 10 v e
v
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b CMSSW.1Z6X
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https://twiki.cern.ch/twiki/bin/view/CMS/ConfDB
https://hlt-config-editor-confdbv3.app.cern.ch/

What/Where Is the data

* Trigger menus of a dataset in ConfDB

* Cuts of a trigger in ConfDB

CONFDBGUI CONFIGURATIONS

Database
offline-run3

Name

/frozen/2022/2e34/v1.5/HLT/V1

BTagMu

< PATHS END PATHS SEQUENCES

[0 Deep search

MODULES ESPRODUCERS

[ ~ [ Dataset_BTagMu ]

Dataset

» == HLTDatasetPathBeginSequence (130)

hitDatasetBTagMu (2)

353 hitPreDatasetBTagMu (2)
3 ! HLT_BTagMu_AK4DiJet110_Mu5_v13 (4)
» [l HLT_BTagMu_AK4DiJet170_MuS_v12 (4)
3 ’ HLT_BTagMu_AK4DiJet20_MuS_v13 (4)
3 ! HLT_BTagMu_AK4DiJet40_MuS_v13 (4)
+ HH HLT_BTagMu_AK4DiJet70_Mu5_v13 (4)

»  HH HLT_BTagMu_AK4Jet300_Mu5_v12 (4)

Paths

HLT TS

>

N

Cuts in a trigger

Package

Dummy p

DProduce

LT1CaloJet

Labe!

hltBDiJet110L1FastJetCentral Paths
Search config nodes [0 Deep search
Name Type Value Trkd
Name Type
< PATHS END PATHS ~ SEQUENCES  MODULES  ESPRODUCERS  ESSOURCES  SWITCHF >
MaxEta double 3
hitResults InputTa
-
» | HLT_AK8PFJetFrwdBO_v16 (4) MaxMass double -1
ItignoreMaskAndPrescale bool :
I - HLT,BTagMuJ\MDIJe(l‘ID,MuS,v'I5(4] Il g g er menu MinE double A
I1tResults InputTa » E= HLTBeginSequence (1346) .
v
MinEta double -1 =@
88 hitL1sMu3JetC80dRMax0p4 (2)
throw bool
MinMass double 1
221 hitPreBTagMuAK4DiJet110Mus (2)
< CAINED IN SWITCH PRODUCERS q
Ainhl int29 a2

~ E= HLTAK4CaloJetsSequence (448)
hitDatasetBTagMu = cms.EDFilter( "TriggerRe|

hitResults = cms.InputTag( "\"\"" ) >

11tignoreMaskAndPrescale = cms.bool( fal

I1tResults = cms.InputTag( "\"\"")

throw = cms.bool( true )

triggerConditions = cms.vstring( [ "HLT_BT4
"HLT_BTagMu_AK4DiJet170_Mu5_v12", "HLT |
"HLT_BTagMu_AK4DiJet40_Mu5_v13", "HLT_H
"HLT_BTagMu_AK4Jet300_Mu5_v12', "HLT_B
"HLT_BTagMu_AK8Jet170_DoubleMu5_v2", "H

usePathStatus = cms.bool( true ) 158 hitBSoftMuonGetJetsFromDiJet110L1FastJet (3)

= HLTAK4CaloJetsReconstructionSequence (228)
» &= HLTAK4CaloJetsCorrectionSequence (228)
353 hitBDiJet110L1FastJetCentral (2)
~ B= HLTBTagMuDiJet110L1FastJetSequencel 25 (2)

» E= HLTL2muonrecoSequence (706)

)

TASKS CONTAINED IN SWITCH PRODUCERS SNIPPET
hitBDiJet110L1FastJetCentral = cms.EDFilter( "HLT1CaloJet’,
MaxEta = cms.double( 3 )
MaxMass = cms.double(-1)
MinE = cms.double(-1)
MinEta = ems.double(-1)
MinMass = cms.double(-1)
MinN = ems.int32(2)
MinPt = cms.double( 110 )
inputTag = cms.InputTag( "hitAK4CaloJetsCorrectedIiDPassed” )
saveTags = cms.bool( true )
triggerType = cms.int32( 86 )

Dark m

o
=

a

a

<]

(<]

<]

<]

* A dataset containing J/psi:

/ParkingDoubleMuonLowMass0/Run2022C-PromptReco-v1/MINIAOD Exercise: how many
trigger paths containing J/psi for this dataset?

2025/1/19
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Exercise: how many trigger paths containing J/psi for this dataset?

* ConfDB Web interface = Configurations = Open remote

Open remote config

7 Crestor
Created

Version Release Tag
2022-10- e
Vi 29T17:37-51 missirol CMSSW_12_4.0
Rows per page: 10 - 1-10f1

lick to choose

Make a selection o
offline-run3 v Open Configuration
Open remote config
frofen 1
0Open Configuration -
Search 2
Version Created Craator Rebease Tag 3
o w O oagy  misiol  OMSSW.1Z40
offline-runz : g
e 0+ e [] case sensitive search V1o
Click to choose o
7 » / y V12
P V13
CONFIGURATIONS
Povl4
offine ung Jiroren/2022/2634/1 SHLTA Dummy package Dummy CVS TriggerResultsFilter _ 4
» CMSSW_12_5.X
hitDatasetParkingDoubleMuonLowMass Paths -
» CMSSW_12.6.X
Parking Name Type Value Trkd Dft
hitResults InputTag - CMSSW_13_0_X 5
WO P s Mo RS ESSOUR
tignoreMaskAndPrescale beal false
+ [l Datoser_ParkingDoubleElectronl owhass?
INtResults InputTag aa 8 » Hlon
+ [ Dataset_ParkingDoubleElectronl owMassd
throw boal true
+ [ Dataset_ParkingDoubleElectronl owMassd “ CANCEL
“HLT_Dimuon0_Jpsi3p5_Muon2_v7", "HLT_Dimuon
B Dstaset ParkingDoubieMuonLowMassD usePathStatus bool wue

B hitDatasetParkingDoubleMuonLowMass (16)
B8 HitPreDstasetParkingDoublehluonl owMsssd (21 O n h |t p a t h

BB Dstaset ParkingDoubiaMuonLowMass2

I Dataser ParkingDoubleMuonLowMazs3

I Dataser ParkingDoubieMuonLowMass4

B} Dataser ParkingDoubleMuanLowMasss
+ [ Datoser ParkingDoubieMuonl owMass6

+ [ Datoser_ParkingDoubieMuonlowass7

= | Jataset and cli

< INED IN TASKS

NED IN SWITCH PRODLCERS  SWIPPET N

= cms EDFilter( "Tri

“HLT_DimuonD_JpsiL1_NoDS_v¥", "HLT_Dimuon0_Jpsi_NoVertexing.L1_4R_Oer1pSR_v&", "HLT_Dimuon0_Jpsi_NoVerlexing_No0S_vd",
“HLT_Dimuan0_lpsi NoVertexing v10", "HLT_Dimuon0_Jpsi_v10", "HLT_Dimuon0_LowMass_L1_Oer1pSR_vd",
“HLT_Dimucn0_Lowass_L1_0erlpS_v10", "HLT_Dimuon0_LowMass_L1_4R_ve", "HLT_Dimuan0_LowMass_L1_4_v107,
HLT_Dimuen0_LowMass_L1_TMS530_ve", "HLT_Dimuon0_LowMass_v10°, "HLT_Dimuon0_Upsilon_L1_4pSNa0S_v10°,
“HLT_Dimuond_Upsilon_L1_dp5_v11",
“HLT_Dimuend_Upsilen_L1_SM_v10%, "HLT_Dimuon0_Upsilen_L1_8_v11°, "HLT_Dimuen0_Upsilon_Musn_L1_TMO_v8",
“HLT_Dimusnd_Ups:
“HLT_Dimuan10_Upsilon_y1p4_v3", "HLT_Dimuon12_Upsilon_y1pd_vd", "HLT_Dimuon14_Phi_Barrel_Seagulls_v9",
“HLT_Dimuon14_PsiPrime_noCorrL1_v7", "HLT_Dimuon14_PsiPrime_v15", "HLT_Dimuon18_PsiPrime_noCorrL1_ve", "HLT_Dimuon18_PsiPrime_v16",
“HLT_Dimuon20_Jpsi_Barrel_Seagulls_v9", "HLT_Dimuon24_Phi_noCorrl1_v&", "HLT_Dimuon24_Upsilon_naCorr.1_v&",

“HLT
“HLT_DoubleMu3_DoubleEle7pS_CaloldL_TrackidL_Upsilon_vi
ST Dojblebus Tk Taiamy Mol dhiaas yat SUIT Dogblabdid Tk Teudooy udds R Doblabtid 2 Be o

hitResults = cms InputTag( "V\" )

I1tignoreMaskandPrescale « cms.boal false )

NResults = cms.inputTagl "\ )

throw = cms.bool{ true |

triggesCanditions = cms vstring{ | "HLT_Dimuond_Jpsidps_Muon2_v7", HLT_Dimuond_Jps_L1_4R_Der1pSR_vd",

HLT_Dimuon0_Upsilon_L1_ipSer2p0M_va" ‘HLT_Dimuon0_Upsilon_L1_dpSer2p0_v11°,

_Muon_NoL1Mass_v8", "HLT_Dimuon0_Upsilon_NoVertexing.v3", "HLT_Dimuen10_PsiPrime_Barrel_Seagullsv9",

muen25_Jpsi_noCorrL1_vB", "HLT_Dimuon25_Jpsi_v16", 'HLT_DeubleMu2_Jpsi DoubleTrk1_Phi1p05_ve",
HLT_DoubleMu3_TkMu_DsTau3Mu_v&’",

. All triggers for the dataset

10


https://hlt-config-editor-confdbv3.app.cern.ch/

CMS HLT Info tool

2023 Era definition

DISCLAIMER: Run ranges are based on the Era/procVersion change in TierO processing, hence on the PromptReco

datasets.

Commissioning2023 363380 364666
-v1

Commissioning2023 364667 365738
-v2

2025/1/19

{ MENU TABLE#

Note only, runs with stable beams declared are considered.

Eras are taken from the fill information in OMS, prompt reco version from DAS/t0 api

By default it is sorted by run number the menu was first deployed, it can be sorted by HLT menu name

year select
Q. Search all years
Run Range HLT Menu CMSSW Version Era
387574 - 387574 /cdag/physics/Run2024/PRef/v1.0.3/HLT/V1 CMSSW_14.1 4 Run2024)
387568 - 387571 /cdag/physics/Run2024/PRef/v1.0.2/HLT/V6 CMSSW_14 1 4 Run2024J
387506 - 387528 /cdag/physics/Run2024/PRef/v1.0.2/HLT/V5 CMSSW_14_1 4 Run2024)
F=EPECMSELE 11
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From dataset to ntuple

* Signal channel: pp = X = J /Y] /¥ —>[H+H_H+H_1
* Dataset: /ParkingDoubleMuonLowMass0/Run2022C-PromptReco-v1/MINIAOD

Dataset/MC at
Tierl & Tier2: & Ntuples/trees in
AQOD, MiniAQD, " root files

NanoAQOD Your algorithm
in CMSSW

* Write an analyzer, analyze data and produce ntuples:
WorkBookWriteFrameworkModule < CMSPublic < TWIki (cern.c

N)

{ Setu p env csh or tesh users:

source /cvmfs/cms. cern. ch/cmsset_default. csh

bash users:

source /cvmfs/cms. cern. ch/cmsset default. sh

* Setup CMSSW

cmsrel CMSSW_13 0 13
cd CMSSW _13 0 13/src
cmsenv

2025/1/19 E=BPECMSELSE
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBookWriteFrameworkModule

Write an analyzer

* Create an analyzer package

Write a Framework Module

First, create a subsystem area. The actual name used for the directory is not important, we'll use Demo. From the src directory, make and change to
the Demo area:

mkdir Demo

cd Demo

Note that if you do not create the subsystem area and create you module directly under the src directory, your code will not compile. Create the
"skeleton" of an EDAnalyzer module (see S\WGuideSkeletonCodeGenerator for more information):

mkedanlzr DemoAnalyzer

Compile the code:

cd DemoAnalyzer

scram b

* Create a ConfFile_cfg.py in DemoAnalyzer/python, example link

* Run the job (at present it does not work, due to invalid input AOD file;
we will come back)

cd into the DemoAnalyzer/python directory and do:

cmsRun ConfFile cfg. py

13


https://twiki.cern.ch/twiki/pub/CMSPublic/WorkBookWriteFrameworkModule/ConfFile_cmssw1200_v1_cfg.py.txt

Write analyzer

* Analyzer module Is executed to filter data and make ntuple

import FWCore.ParameterSet.Config as cms

cmsRun ConfFile cfg. py

process = cms. Process ( )

process. load( ) To run the whole dataset, you
need run crab job instead of
running it locally.

process. maxEvents = cms. untracked. PSet ( input = cms. untracked. int32(-1) )

process. source — Cms. SOHI‘CE(

# replace “myfile. root’ with the source file you want to use Th|S COﬂﬁg f||e then is an inpUt
fileNames = cms. untracked. vstring( of the crab JOb Conﬂg ﬂle,
[ ] which uses the dataset name to

identify data

Input data files

The analyzer module/package

process. demo = cms. EDAnalyzer

tracks = cms. untracked. InputTag([ ]) . )
) Input file should contain contents of
‘generalTracks’,
poocssst p = s Patlhlpocess. da) Which is in AOD, but not in MiniAOD 14

* Exercise: create a DemoAnalyzer following above instruction



Write an ana

lyzer

* Write codes in the DemoAnalyzer then compile and cmsRun

* Save a histogram and a tree in output
* DemoAnalyzer/plugins/DemAnalyzer.cc

////added
#include
#include
#include

1 header files:;

#include '

#include
#include

2 Member data in class definition:

DemoAnalyzer::

InputTag>("tre

2] demo->cd()
(bool) true
root [3] .1s
TDirectoryFile* demo demo
KEY: TH1F h_pt;1 h_pt
KEY: TTree treel;1 my tree 1
root [4] I

to use service and save ntuple/histogram
"FWCore/ServiceRegistry/interface/Service.h"

member data
//edm: :EDGetTokenT<TrackCollection> tracksToken_;
to read from configuration file
edm: :EDGetTokenT<std: :vector<pat: :Muon>> muonsToken_;
TH1F *h_pt;//to save in file
TTree *treel; 2
unsigned int runNum;
unsigned int lumiNum;
unsigned int eventNum;
int nTrack;

"CommonTools/UtilAlgos/interface/TFileService.h"
"DataFormats/PatCandidates/interface/Muon.h"

TH1.h" ]-
"TTree.h"

<vector>

DemoAnalyzer(const edm::ParameterSet& iConfig)

3 Constructor

: muonsToken_(consumes<std: :vector<pat: :Muon>>(edm: :InputTag("slimmedMucns”)))

runNum(8), lumiNum(@), eventNum(©), nTrack(®), vec_pt(8), vec_px(8), vec_py(8)

, vec_pz(9) {
//to save histograms/ntuples
edm: :Service<TFileService> fs;

h_pt = fs->make<TH1F>("h_pt", "title

treel = fs->make<TTree>("treel",
treel->Branch("runNum", &runNum,
treel->Branch( "Lt n", &lumiNum,
treel->Branch("e um", &eventNum
I treel->Branch( ', &nTrack, "
treel->Branch( ', &vec_pt);
treel->Branch( ', &vec_px);
treel->Branch( &vec_py);
treel->Branch( , &vec_pz);

std:
std:
std:
std:

:vector<double>
:vector<double>
:vector<double>
:vector<double>

*vec_pt;
*Vec_pxX;
*vec_py;
*Vec_pzZ,

‘generalTracks’ is a label of AOD contents.
‘slimmedMuons’ is a label of MiniAOD

We make this analyzer to read MiniAOD file.

Example: /publicfs/cms/user/zhangjg/cms2025beihang/CMSSW_13_0_13/src/Demo/DemoAnalyzer/plugins/DemoAnalyzer.cc

15



Write an analyzer

4 fill histograms and trees in analyze()
5 Modity DemoAnayzer/plugins/BuildFile.xml

////event level
runNum = iEvent.id().run();
lumiNum = iEvent.id().luminosityBlock();
eventNum = iEvent.id().event();
nTrack = 0;
I/ for (const auto& track : iEvent.get(tracksToken_)) {
(const auto & track : iEvent.get(muonsToken_)) {
// do something with track parameters, e.g, plot the charge.
// int charge = track.charge();
(track.charge() < 8)
nTrack++;
////track/candidate level
h_pt->Fill(track.pt());
vec_pt->push_back(track.pt());
vec_px->push_back(track.px());
vec_py->push_back(track.py());
vec_pz->push_back(track.pz());
}
treel->Fill();
//need to clear the vector after this event/candidate is fill to the tree
runNum = 6 We comment out ‘generalTracks’ (to read

TumiNum B:

eventhum = 6; reco:Track of AOD) related contents,
nirack - o and add ‘slimmedMuons’ to read pat:Muon

vec_pt->clear();

vec_px->clear(); of MiniIAOD

vec_py->clear();
vec_pz->clear();

Example: /publicfs/cms/user/zhangjg/cms2025beihang/CMSSW_13_0_13/src/Demo/DemoAnalyzer/plugins/DemoAnalyzer.cc

name=
name=
name=
name=

name=
name=
<flags EDM_PLUGIN= />




Run the analyzer

* Add output part in DemoAnalyzer/python/ConftFile_cfg.py
* cd DemoAnalyzer/; scram b; cd python; cmsRun ConfFile_cfg.py

impmrt FWCore.ParameterSet.Config [zhangjq@lxloginB83 python]S$root -L demo_out.root
root [8]

process = cms.Process("'Demo Attaching file demo_out.root as _file@...
(TFile *) Bx4191a30@

process.load("FW ] . Mess -_cfi")

demo_out. root Out ut
process.maxEvents = cms.untracked.PSet( input = cms.untracked.int32(108) ) ilex demo_out. root F)
KEY: TDirectoryFile demo;1 demo

process.source = cms.Source(' S root [2] demo->cd() root flle

‘myfile.root' with the source file you want to use (bool) true
fileNames = cms.untracked.vstring( root [3] .1s
fil h t TDirectoryFilex demo demo
ep2023-\ 6 418cda25-b KEY: TH1F h_pt;1 title of h_pt
a6dd57db . KEY: TTree treel;1 my tree 1
) root [4] treel->Print()

Rk o R e T

*Tree ‘treel Tomy tree 1
process.TFileService = cms.Service("TFil *Entries : 1 . Total = 2991 bytes File Size
fileName = cms.string('demo_out. ) * E : Tree compression factor = 12

runNum/i

process.demo = cms.EDAnalyzer('Demo *Entries : 90 . Total Size= 963 File Size

RO M [Nput file format should contain s  brtes Compression” 468
tracks = cms.untracked.InputTag('slimmedMuor
)

: lumiNum/i

Contents Wlth the |nputTag ;Entries Total Size= File Size

process.p = cms.Path(process.demo) *Baskets : 1 : Basket Size= sl Compression

¢ eventNum/i

* Exercise: add above codes to save T I T

*Baskets : . Basket Size= 32 Compression

: nTrack/I

a tree and a histogram and run it e HE o, B )

ouble>
*Entries : 90 : Total Size= 163 File Size

Example: /publicfs/cms/user/zhangjg/cms2025beihang/CMSSW_13_0_13/src/Demo/DemoAnalyzer/python/ConfFile_cfg.py




Fvent selection

* To suppress bkg:

* cuts In analyzer step and ntuple analysis step
pp = X = J/Y] /P - ptpm et
* Example cuts:
* Detector acceptance/coverage: p; and n of tracks
* Tracks should be muon: MuonID

* J/Y candidate: mass window of muon pair; vertex fit of muon pair
« X > J/YJ /Y - utu utu: vertex fit of two J/y and four muons



Background estimation
* Combinatorial background: non-J /Y] /1Y process

* Background from non-resonant process

* Non-resonant single parton scattering, NRSPS===

P @

—— 42

W—<— q2

* Double parton scattering, DPS = c—)

* MC simulation for NRSPS & DPS

* For DPS, another method Is ‘event mixing’

2025/1/19 E=EPRECMSEZLSE




Fvent mixing for DPS shape

* DPS essentially contains two independent J /s

* |dea: artificially make events with independent J /s

/Y

%| /Y

Eventl Event2 Event3 g 0F-
v J v
" a0fF

N S

My /pI/b) My /pI/b) AN

* Exercise: get M(J/YJ/YP) shape from event-mixing using MC in

/publicfs/cms/user/zhangjg/cms2025beihang/toy_dps/dps_mc.root

* Copy mix_event.C in the same path, and add code in line 61-73
* Full example is mix_event_done. /JQ the same path

2025/1/19 S = AP ECMSEZL 20
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Fit to mass distribution
* A toy M(J /Y] /W) distribution

* Signal: three interfering relativistic BWs
* Background: DPS d« ‘:
¢ Toy:B
m& ﬂ

160F=

140f

nts / (25 MeV)

120

Eve

100

60[-

80—

O

: 1 * ﬂ4 Wﬁ
2 F@WW%% "

ok

6

MW/ pJiy) (GeV)

* Signal yields and parameters?
* Significance?

2025/1/19 E=EPRECMSEZLSE
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Fit to mass distribution

* DPS shape: ¢ 0 oo(x) = 3 -exp(—a-x,) - (pg+ Py - %, + py - 22,

Xp =X —Xg, Xg=2Mj,.
a = 0.24358,p, = 0.23137,p; = —0.041952,p, = 0.012206

* Relativistic Breit-Wigner:
 S-wave: L =0,B; =1

mI (m)
BW (m;my,Iy) = m3 — m? — imT (m)’

2L+1 m
[(m) =T, (i> — (B{(4,90,d))",

qo m

* Amplitude with interference:
f@m) = |ry - exp(i¢hy) - BW; + BW, + 13 - exp(i¢3) - BWs|?

* How to implement and use them in RooFit?



FIt mass distribution

* RooClassFactory::makePdf()
* Edit evaluate() function in MyDpsPdf.cxx

[zhangjg@lxslc764 test]S root -L

root [8] RooClassFactory::makePdf("MyDpsPdf", "x,MTH,a,p@,pl,p2")
(bool) false

root [1] .1s

Double_t MyDpsPdf::evaluate() const
{

fnrops(%) = V& -exp(—a-x;) - (po + pr - % + pa - x7),
double mx = x - ; X; =X — X, x0::2A4N¢-
double fth =

(mx <= ) fth;

(mx > 9) fth = TMath::Sqgrt(mx);
double exponent = TMath::Exp(-1 * a * mx);

root [2] .q
[zhangjq@lxslc764 test]S 1s
MyDpsPdf.cxx MyDpsPdf.h
[zhangjg@lxslc704 test] I

* root —| -b —g "MyDpsPdf.cxx+"

[zhangjg@lxslc704 test]S root -L -b -g "MyDpsPdf.cxx+"

double poly = p® + p1 * mx + p2 * mx * mx;
double res = fth * exponent * poly;
res;

Processing MyDpsPdf.cxx+...

in <TUnixSystem::ACLiC>: creating shared library /publicfs/cms/user/zhangjq/cms2024sysu/test/./MyDpsPdf_cxx.so
(MyDpsPdf) An instance of MyDpsPdf.
[zhangjg@lxslc704 test] I

* Then include .h, load .so In a root script, and use It as built-in pdf
Note: here and after, we use the roofit version in CMSSW_11_1 1

So first: cd some/path/CMSSW 11 1 1/src; emssw-el7; cmsenv;
i Or: cd some/path, emssw-el7; cmsrel CMSSW 11 1 1/src; crmsenv; 23




Fit mass distribution

* In root script, include .h and load _cxx.so
* Use MyDpsPdf as a built-in pdf
ﬁ

A RooPlot of "mx"

0.012
a = 0.24358,p, = 0.23137,

namespace RooFit; pl — _0.041952, pZ - 0_012206

void plotMyDpsPdf() {
gSystem->Load(

0.01

FTOJS UL Ul Upes

o
=
-
o2

RooRealVar mx(
RooRealVar R_MTH (

RooRealVar dpsA( , , :

RooRealVar dpsPo( . 0.006
RooRealVar dpsP1(
RooRealVar dpsP2(
MyDpsPdf pdf_dps(

DPS mass distribution in [6, 9] GeV

, mx, R_MTH, dpsA, dpsP9, dpsP1, dpsP2); 0.004

RooPlot *frame = mx.frame();
pdf_dps.plotOn(frame);
0.002

TCanvas *c1 = TCanvas (
cl->cd();

frame->Draw() ;

c1->Print( );

g ce b e e e v b e by e gy
6.5 7 7.5 8 8.5 9
mx

53]

* Exercise: wirte your own MyDpsPdf.cxx and use it to make a plot
S clanjo ] [CR IRt g [-R e -4 g MMl /publicfs/cms/user/zhangjq/cms2025beihang/pdf dps .




Fit mass distribution
Pdf for interfering BWs

root [0] RooClassFactory::makePdf|"MyRelBW1BW2BW3Square", ”x,mass1,width1,r1,phi1,massz,width2,r2,ph12,mass3,width3,r3,phi3")l

Double_t MyRelBW1BW2BW3Square: :evaluate() const
{

std::complex<double> bwl = ComplexRelBW(x, mass1, width1, r1, phil);

std: :complex<double> bw2 = ComplexRelBW(x, mass2, width2, r2, phi2);
std: :complex<double> bw3 = ComplexRelBW(x, mass3, width3, r3, phi3);
std: :complex<double> sum = bwl + bw2 + bw3;
double res = std::norm(sum);

res;

Auxiliary files

void Com?lexRelBWFcn() { CompleXRelBWFchXX

by
double Q2(double sa, double sh, double sc) {
double res = (sa + sb - sc) * (sa + sb - sc) / /
(res <= 0) {
res = 0;

}

ComplexRelBWFcn.h

oid ComplexRelBWFen();

double Q2(double sa, double sb, double sc);

double BlattWeisskopf(double q2, double d, double L);

std: :complex<double> ComplexRelBW(double x, double mass

}

First: root —| —b —g “ComplexRelBWFcn.cxx+”
* Then: root —| —b —q "MyRelBW1BW?2BW3Square.cxx+"

25

Example at: /publicfs/cms/user/zhangjg/cms2025beihang/fit_test



FIt mass distribution
* Fit to the toy

f Toy

— it

90

80

— | BW 1+ BW2+BW3[]
I DPS

Events / ( 0.03)

70

MyRel1BW1BW2BW3Square pdf_bw123( , , , 60
mass_bwl, width_bwl, r_bwl, phi_bw1,

mass_bw2, width_bw2, r_bw2, phi_bw2, 5

mass_bw3, width_bw3, r_bw3, phi_bw3); 40

30
RooFitResult *fit_res_model = model.fitTo(*data, Save());

double nll_model = fit_res_model->minN11(); 20
10

* Significance: _ ]
1. Fit using hypothesis 0 model, get negative log |Ike|IhOOd nIIO
Fit using hypothesis 1 model, get nll1

2
3. 2Anll follows y? distribution
A

double pval = TMath::Prob(” * delta_nll, 1);
double significance = RooStats::PValueToSignificance(pval / ) ;

* Question: significance of what, or between which two models?

I Example at: /publicfs/cms/user/zhangjg/cms2024sysu/fit_test/fitToy.C

26



-1t using condor Jobs

* When you need do many independent fits
* Random sampling In parameter space to find global minimum
* Closure test
* Toy-experiment to evaluate significance

* Fit using condor jobs
* A simple example: gen toys and fit them to do eg. closure test

/publicfs/cms/user/zhangjq/cms2025beihang/fit_with_condor
[zhangjq@lxlogin®B3 fit_with_condor]S$1s

condor_xx for condor

run.jdl jobs output & logs

make_toy_list.sh run_job.sh toy_list_1_7.txt o
[zhangjq@1xlogin®B3 fit_with_condor]S1ls scripts/ Tk)SUbn“tJObs' _
fit_job.sh gen_and_fit.C condor_submit run.jdl

[zhangjq@lxloginB03 fit_with_condor]SI

Example: /publicfs/cms/user/zhangjg/cms2025beihang/fit_with_condor

2025/1/19 FE=EHPECMSEZLE 27



Fit using condor jobs

* Condor job description file: run.jdl

run_job.sh:
executed by condor server.
Will call fit_job.sh

#!/bin/bash
scripts

Mniverse = vanilla
executable = run_job.sh
arguments = $(beg_toy) $(n_toy) $(beg_fit) $(n_fit)

#pass the args to the script/command which do the real job
B/fit_job.sh $1 §2 $3 $4

output = condor_out/$(ClusterId).$(ProcId).out
error = condor_err/$(ClusterId).S$(ProcId).err
log = condor_log/$(ClusterId).S$(ProcId).log

| condor_xx for condor
jobs output & logs

####set max run time by one of the two: +JobFlavor| , , , , . , ,
+JobFlavour = "microcentury” Scripts do real jobs are in directory “scripts”, and will be

# +MaRunTime = number of seconds transferred\to condor server before running
#+MaxRunTime = 10800 [zhangjq@lxlogin@@3 fit_with_condor]$ls scripts/
fit_job.sh gen_and_fit.C

should_transfer_files = yes
transfer_input_files = scripts
#transfer the output root files in the dir job_output to the local job_output dir

#transfer_output_files = job_output _ _
#when_to_transfer_output = ON_EXIT Each JOb has its own argument values,

which are listed in a text file

queue| beg_toy, n_toy, beg_fit, n_fit from toy_list_1_7.txt

] “I
] Wa

Example: /publicfs/cms/user/zhangjg/cms2025beihang/fit_with_condor
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Fit using condor jobs

* When job runs in condor server, O 0851

N_TOY_IN_JOB=${2}

* run_job.sh passes arguments to fit_job.sh and run JEESesEEes:

flt_JObSh -i "s/ _TOY = 1/ _TOY = §¢ _TOY_IN_JOB}/g" gen_and_fit.C
. . . . -1 "s/N_TOY = 1/N_TOY = S{N_TOY_IN_JOB}/g en_and_fit.C
* fit_jobs.sh edit settings (e.g., random seed) of s -o/BELFIT - 1/EEE FIT - S FITINTOV) /g gen_and_fit.C
. . - s/N_FIT = 1/N_FIT = ${N_FIT_IN_TOY}/g" gen_and_fit.C
gen_and_fit.C and then run gen_and_fit.C T T
* gen_and_fit.C does real works, and save result ine cio.Tov + EEELTOY + N_TOY;
. . . . int _FIT = 1;
directly to disk (if path not accessible by condor ft NFIT = 1,
int END_FIT = _FIT + N_FIT;

job, transfer i1t back using transfer_out in run.jdl)

int m_bins = 60;

* Text file for argument values can be gen by a [EesEEEREEREENEINEDE
script and can contain many args for each job

* see make_toy_list.sh

Example: /publicfs/cms/user/zhangjg/cms2025beihang/fit_with_condor/

* HTCondor Manual, and a good slides (In same directory): TrainingSlides.pdf
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https://htcondor.readthedocs.io/en/latest/
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