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Outline

• 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
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• What is the exotic hadron

• 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

Motivation
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…

Exotic hadrons



What channel we want to study

• 𝐽/𝜓 can be easily tagged/reconstructed

• Resonances in 𝐽/𝜓𝐽/𝜓 most likely contains at least 4 charm quarks
• Otherwise decays to 𝐽/𝜓𝐽/𝜓 will be suppressed

• Study the channel: 𝐽/𝜓𝐽/𝜓 → 𝜇+𝜇−𝜇+𝜇−
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How to do this analysis from scratch

• We now have chosen the channel:

𝑝𝑝 → 𝑋 → 𝐽/𝜓𝐽/𝜓 → 𝜇+𝜇−𝜇+𝜇−
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Final states

Objects recorded in data

Filter four muons from data for 
further study

Intermediate states

Mother of muon pair

Reconstructed from 
selected muons

Intermediate state

Mother of J/psi pair

Is there such signal?



How to do the analysis from scratch
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CMS detector

pp 
collision

Tracks/showers detected 
by CMS detector

Dataset/MC at 
Tier1 & Tier2:

AOD, MiniAOD, 
NanoAOD

HLT
Calibration
Reconstruction

Ntuples/trees in 
root files

Your algorithm 
in CMSSW

Generator:
Signal/BKG  

MC

Digi & 
Simulation …

Analysis ntuples with ROOT/RooFit:
BKG shape, signal shape, efficiency, resolution…

Fit to mass distribution (Set upper limit)
Significance, Systematic uncertainties



What/where is the data

CMS Data Aggregation Service (cern.ch)

PdmVRun3Analysis < CMS < TWiki (cern.ch)

• Our channel: 𝑝𝑝 → 𝑋 → 𝐽/𝜓𝐽/𝜓 → 𝜇+𝜇−𝜇+𝜇−

• 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 PdmV: PdmVRun3Analysis < CMS < TWiki (cern.ch)
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?

DAS page

PdmV page

Links to dataset in DAS

Applied triggers
(≈ what events  in datasets) 

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


What/where is the data
• From PdmV:
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HLT 
Menu

Primary name 
of dataset

Can explore all 
datasets like this

DAS page

Then check the triggers/cuts of a primary dataset
in confDB: ConfDB < CMS < TWiki (cern.ch)
→ ConfDB Web interface 

Click and select ‘open remote config’

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

• A dataset containing J/psi: 

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

HLT 
Paths

Trigger menu

Cuts in a trigger
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Exercise: how many trigger paths containing J/psi for this dataset?

• ConfDB Web interface → Configurations → Open remote →

→ →

→

10

All triggers for the dataset

Make a selection

Click to choose
Click to choose

1
2
3

4

5
6

Choose the 
dataset and click 
on hlt path

8

7

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


CMS HLT Info tool
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From dataset to ntuple

WorkBookWriteFrameworkModule < CMSPublic < TWiki (cern.ch)

• Signal channel: 𝑝𝑝 → 𝑋 → 𝐽/𝜓𝐽/𝜓 → 𝜇+𝜇−𝜇+𝜇−

• Dataset: /ParkingDoubleMuonLowMass0/Run2022C-PromptReco-v1/MINIAOD

• Write an analyzer, analyze data and produce ntuples: 
WorkBookWriteFrameworkModule < CMSPublic < TWiki (cern.ch)

• Setup env

• Setup CMSSW
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?

cmsrel CMSSW_13_0_13
cd CMSSW_13_0_13/src
cmsenv

https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBookWriteFrameworkModule


Write an analyzer
• Create an analyzer package

• 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)
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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

• Exercise: create a DemoAnalyzer following above instruction
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The analyzer module/package

Input data files

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

This config file then is an input 
of the crab job config file, 
which uses the dataset name to 
identify data

Input file should contain contents of 
‘generalTracks’,
Which is in AOD, but not in MiniAOD



• Write codes in the DemoAnalyzer then compile and cmsRun

• Save a histogram and a tree in output

• DemoAnalyzer/plugins/DemAnalyzer.cc

1 header files: 

2 Member data in class definition:

3 Constructor

Write an analyzer
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1

2

3

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

‘generalTracks’ is a label of AOD contents.
‘slimmedMuons’ is a label of MiniAOD
We make this analyzer to read MiniAOD file.



Write an analyzer
4 fill histograms and trees in analyze()

5 Modify DemoAnayzer/plugins/BuildFile.xml
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4
5

We comment out ‘generalTracks’ (to read 
reco::Track of AOD) related contents, 
and add ‘slimmedMuons’ to read pat::Muon 
of MiniAOD

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



Run the analyzer
• Add output part in DemoAnalyzer/python/ConfFile_cfg.py

• cd DemoAnalyzer/; scram b; cd python; cmsRun ConfFile_cfg.py

• Exercise: add above codes to save

a tree and a histogram and run it
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Output 
root file

Input file format should contain 
contents with the InputTag

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



Event selection

• To suppress bkg:
• cuts in analyzer step and ntuple analysis step

𝑝𝑝 → 𝑋 → 𝐽/𝜓𝐽/𝜓 → 𝜇+𝜇−𝜇+𝜇−

• Example cuts: 
• Detector acceptance/coverage: 𝑝𝑡 and 𝜂 of tracks
• Tracks should be muon: MuonID
• 𝐽/𝜓 candidate: mass window of muon pair; vertex fit of muon pair
• 𝑋 → 𝐽/𝜓𝐽/𝜓 → 𝜇+𝜇−𝜇+𝜇−: vertex fit of two 𝐽/𝜓 and four muons
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• Combinatorial background: non-𝐽/𝜓𝐽/𝜓 process

• Background from non-resonant process

• Non-resonant single parton scattering, NRSPS

• Double parton scattering, DPS

• MC simulation for NRSPS & DPS

• For DPS, another method is ‘event mixing’

Background estimation
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𝐽/𝜓

𝐽/𝜓

𝐽/𝜓

𝐽/𝜓



• DPS essentially contains two independent 𝐽/𝜓s

• Idea: artificially make events with independent 𝐽/𝜓s

• Exercise: get 𝑴(𝑱/𝝍𝑱/𝝍) shape from event-mixing using MC in

• Copy mix_event.C in the same path, and add code in line 61-73

• Full example is mix_event_done.C in the same path 

Event mixing for DPS shape
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𝐽/𝜓

𝐽/𝜓

…

…

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

Event1

𝐽/𝜓1 𝐽/𝜓2

Event2

𝐽/𝜓1 𝐽/𝜓2

Event3

𝐽/𝜓1 𝐽/𝜓2

𝑀(𝐽/𝜓𝐽/𝜓) 𝑀(𝐽/𝜓𝐽/𝜓)𝑀(𝐽/𝜓𝐽/𝜓) 𝑀(𝐽/𝜓𝐽/𝜓)



Fit to mass distribution
• A toy 𝑀(𝐽/𝜓𝐽/𝜓) distribution

• Signal: three interfering relativistic BWs
• Background: DPS

• Signal yields and parameters?

• Significance?
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Fit to mass distribution
• DPS shape:

• Relativistic Breit-Wigner:
• S-wave: 𝐿 = 0, 𝐵𝐿

′ = 1

• Amplitude with interference:

• How to implement and use them in RooFit?
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𝑓 𝑚 = 𝑟1 ⋅ exp 𝑖𝜙1 ⋅ 𝐵𝑊1 + 𝐵𝑊2 + 𝑟3 ⋅ exp 𝑖𝜙3 ⋅ 𝐵𝑊3
2

𝑎 = 0.24358, 𝑝0 = 0.23137, 𝑝1 = −0.041952, 𝑝2 = 0.012206



Fit mass distribution
• RooClassFactory::makePdf()

• Edit evaluate() function in MyDpsPdf.cxx

• root –l –b –q “MyDpsPdf.cxx+”

• Then include .h, load .so in a root script, and use it as built-in pdf
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Note: here and after, we use the roofit version in CMSSW_11_1_1
So first: cd some/path/CMSSW_11_1_1/src; cmssw-el7; cmsenv;
Or: cd some/path; cmssw-el7; cmsrel CMSSW_11_1_1/src; cmsenv;



• Exercise: wirte your own MyDpsPdf.cxx and use it to make a plot
• Example in the path: 

Fit mass distribution
• In root script, include .h and load _cxx.so

• Use MyDpsPdf as a built-in pdf
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𝑎 = 0.24358, 𝑝0 = 0.23137,
𝑝1 = −0.041952, 𝑝2 = 0.012206

/publicfs/cms/user/zhangjq/cms2025beihang/pdf_dps

DPS mass distribution in [6, 9] GeV



• Pdf for interfering BWs

• Auxiliary files

• First: root –l –b –q “ComplexRelBWFcn.cxx+”

• Then: root –l –b –q “MyRelBW1BW2BW3Square.cxx+”

Fit mass distribution
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ComplexRelBWFcn.h
ComplexRelBWFcn.cxx

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



Fit mass distribution
• Fit to the toy

• Significance:
1. Fit using hypothesis 0 model, get negative log likelihood, nll0
2. Fit using hypothesis 1 model, get nll1
3. 2Δ𝑛𝑙𝑙 follows 𝜒2 distribution
4.

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

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

condor_xx for condor 
jobs output & logs

To submit jobs:
condor_submit run.jdl



• Condor job description file: run.jdl

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

condor_xx for condor 
jobs output & logs

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

Scripts do real jobs are in directory “scripts”, and will be 
transferred to condor server before running

Each job has its own argument values,
which are listed in a text file



• When job runs in condor server, 
• run_job.sh passes arguments to fit_job.sh and run 

fit_job.sh
• fit_jobs.sh edit settings (e.g., random seed) of 

gen_and_fit.C and then run gen_and_fit.C
• gen_and_fit.C does real works, and save result 

directly to disk (if path not accessible by condor 
job, transfer it back using transfer_out in run.jdl)

• Text file for argument values can be gen by a 
script and can contain many args for each job
• see make_toy_list.sh

• HTCondor Manual,  

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

and a good slides (in same directory): TrainingSlides.pdf

https://htcondor.readthedocs.io/en/latest/
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