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Introduction

ØMeasure the inclusive J/ψ pair production cross section using all Run2 data in CMS

ØLast presentations
• Study different lifetime variables to distinguish prompt and non-prompt(here)

ØThis presentation
• Add trigger matched in event selection
• Do 4D fit in invariance mass and lifetime dimension to extract prompt J/ψ pair events
• Try to separate DPS and SPS components
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Dataset
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Prompt/Non-prompt sample Sample

Non-prompt sample BBbar -> J/ψ J/ψ + X /Pythia8_BBartoJJ/jinfeng-MC2016_SKIM_JinfengLiu_bDecay-36fd85e4f67556ca0c698512e4b68db7/USER

Prompt sample
SPS /Pythia8_MC_SPS_Direct_TighterFilter_2016/shunlian-SKIM_v1-1180d22d2a36d93597d4befd39820c18/USER

DPS /Pythia8_DPStoJJ/jinfeng-MC2016_SKIM_JinfengLiu_Tight2-9b15e3a700bc0e2adf631d6ebeb85f0a/USER



Object and event selection 

ØTrigger 
HLT_Dimuon0_Jpsi_Muon(2016 and 2016APV) 
HLT_Dimuon0_Jpsi3p5_Muon2(2017 and 2018)
ØMuon
• Standard Soft muon ID
• pT(muon)>=3.5GeV
• |η(muon)|<=2.4
• Gen match for MC

• DeltaR(Gen muon, RECO muon)<0.03

ØJ/ψ
• The J/ψ was reconstructed by two 
opposite sign muons

• The vertex probability of the 2 
muons associated to the J/ψ is 
greater than 0.5%

• 2.7<m(dimuon)<3.5GeV
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ØJ/ψ Pair 
• J/ψ1(muon12) and J/ψ2(muon34) do not share a common muon
• Assign the J/ψ randomly
• Make one J/ψ match trigger J/ψ and another muon match trigger muon



fiducial inclusive cross section

• 𝑁!"# number of observed J/ψ Pair events in fiducial region

• 𝜔!"" the probability for a J/ψ (|η| <2.2 and decaying to a pair of muon) decay to two muon within the geometrical acceptance of 
detector(muon (|η| <2.4 ) 

• 𝜔#$"%the probability for two muon from the J/ψ which pass 𝜔!"" can be reconstructed by PF algorithm as muon
• 𝜔$&& the probability for two muon from the J/ψ which pass the 𝜔!"" and 𝜔#$"% can pass soft muon ID

• 𝜔'() the probability for two muon from the J/ψ which pass the 𝜔!"" , 𝜔#$"% and 𝜔$&& to have a vertex probability above 0.005

• 𝜔(#*++$# the probability of a event include a pair of J/ψ  which have pass the 𝜔!"" , 𝜔#$"%, 𝜔$&& and 𝜔'() can pass the trigger

• 𝜔(#*_-!(".$/ the probability of a event include a pair of J/ψ  which have pass the 𝜔!"" , 𝜔#$"%, 𝜔$&&, 𝜔'() and 𝜔(#*++$# to pass 
the trigger Matched 
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𝜔+,-$ (𝐽/𝜓()𝜔,#$.$ (𝐽/𝜓', 𝐽/𝜓()𝜔)+,$ (𝐽/𝜓', 𝐽/𝜓()]/'

The J/ψ pair production cross section is measured in the fiducial region where both J/ψ  pt>6 and absolute rapidity below 2.2 (when absolute rapidity 
below 1, J/ψ  pt>7).  The fiducial inclusive cross section can be calculate as follow formula: 
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ℒ = 36.3𝑓𝑏%& ℬ' 𝐽/𝜓 → 𝜇𝜇 = 5.93 ± 0.06%

The 𝑁()** can be obtained as:



Acceptances and Efficiencies

Use SPS official sample to get weights

|𝜂 𝜇 | < 2.4 𝑝0 𝜇 > 3.5𝐺𝑒𝑉
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Extract prompt J/ψ pair strategy

Ø The muon pair could be J/ψ or comb. Since J/ψ maybe prompt or non-prompt, the J/ψ1 + J/ψ2 
could be separate to 4 categories. So we totally have 7 components

Ø J/ψ1 + J/ψ2
• prompt J/ψ1 + prompt J/ψ2
• prompt J/ψ1 + non-prompt J/ψ2
• non-prompt J/ψ1 + prompt J/ψ2
• non-prompt J/ψ1 + non-prompt J/ψ2

Ø J/ψ1 + comb.
Ø Comb. + J/ψ2
Ø Comb. + comb.

• We can distinguish muon pair are J/ψ or comb in invariance mass dimension
• We can distinguish J/ψ1 + J/ψ2 prompt components in lifetime dimension
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The 4D fit PDF 

ØJ/ψ + J/ψ

𝑓,2#%3 ∗ 𝑓,2#%4∗ 𝑔25!6273 ∗ 𝑔25!6274

𝑓,2#%3 ∗ 𝑓,2#%4∗ 𝑔8!8925!6273 ∗ 𝑔25!6274

𝑓,2#%3 ∗ 𝑓,2#%4∗ 𝑔25!6273 ∗ 𝑔8!8925!6274

𝑓,2#%3 ∗ 𝑓,2#%4∗ 𝑔8!8925!6273 ∗ 𝑔8!8925!6274

• I use 𝑓 to stand for J/ψ or comb. mass PDF; use 𝑔 
to stand for J/ψ + J/ψ prompt and non-prompt ctau 
distribution; use ℎ to stand for Jpsi + comb. or 
comb.+ comb. ctau distribution

• The 𝑓123$ get from MC sample and 𝑓!"45 get from 
data sideband region

• The 𝑔2#"42, and 𝑔6"6/2#"42, get from MC sample

• The ℎ123$' and ℎ!"45. get from data sideband region
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ØJ/ψ1+ comb.
𝑓,2#%3 ∗ 𝑓:!6"4	∗ ℎ,2#%3 ∗ ℎ:!6".

𝑓!"45' ∗ 𝑓123$(	∗ ℎ!"45. ∗ ℎ,2#%4
Øcomb.+ J/ψ2

Øcomb.+comb.

𝑓!"45' ∗ 𝑓!"45(	∗ ℎ!"45. ∗ ℎ:!6".



The J/ψ and comb. mass PDF

J/ψ: using double Crystal Ball (DSCB) function, the 
parament get from J/ψ MC fit

Combinatorial component: use the 2nd Chebyshev 
Polynomial in the data sideband region
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• Get J/ψ invariance mass distribution from MC sample
• Get combinatorial invariance mass distribution from data sideband region 



The J/ψ prompt and non-prompt PDF

• Use double gauss function to fit prompt (DPS and SPS) distribution
• Use the Gauss⊗Exp function to fit non-prompt(BBbar) distribution
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• Get prompt(DPS and SPS) and non-prompt(BBbar) distribution from MC sample 



Comb. lifetime PDF
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𝑐𝑡𝑎𝑢(𝜇'8𝜇(/) distribution in ①+④+⑦+③+⑥+⑨ region  
or
𝑐𝑡𝑎𝑢(𝜇98𝜇:/) distribution in ①+②+③+⑦+⑧+⑨ region

• We expected to get comb. distribution in two dimension ①+③+⑦+⑨ region, but these 
region have very little number of events, so we get the comb. ctau distribution in one 
dimension mu pair mass ∈ [2.7, 2.95]∪[3.25, 3.5]GeV region

• The comb. ctau can use Exp⊗Gauss function to fit.



J/ψ + comb. Lifetime PDF

• J/ψ + comb. background region is ②+⑧ or ④+⑥. 
• The ②+⑧ or ④+⑥ region include J/ψ + comb. and comb. + comb. two components.  
• We have get the comb. + comb. ctau shape from last slides
• The J/ψ + comb. background J/ψ ctau can use Exp⊗Gauss + DSCB function to fit.

②+⑧ or ④+⑥ region
②+⑧ region ctau fit plots
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Fit validation

ØBefore fitting data, we should produce the pseudo data to do the Fit validation 

ØHow to produce each components of pseudo data
• Prompt J/ψ + Prompt J/ψ: use SPS or DPS MC sample
• Prompt J/ψ + Non-prompt J/ψ: no MC sample, we generate the events by PDF
• Non-Prompt J/ψ + Non-prompt J/ψ: use BBbar sample 
• J/ψ + comb.: no MC sample, we generate the events by PDF
• Comb. + comb.: no MC sample, we generate the events by PDF

• We will produce two types of pseudo data to do test:
• Mix data and pseudo data 
• Pure pseudo data 

• We use pseudo to do fit to see if we can extract each components successfully
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Fit validation result(1)

We mix data and pseudo data to do fit 
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In this table, “0” mean the data, “1-9” mean the input pseudo data 

The table shows the fit result of different input

Compare the two tables, we can extract the input pseudo data successfully 



Fit validation result(2)

ØWe only use pseudo data to do fit 
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In this table, “1-9” mean different input pseudo data 

The table shows the fit result of different input

Compare the two tables, we can extract the input pseudo data successfully 



4D fit for data
Ø 4D fit 
• we merge some components in the plots, the 

legend in the plots:
p J/ψ1 prompt + J/ψ2 prompt

• The two muon pair are all prompt J/ψ,  this component 
are signal

p J/ψ1(2) non-prompt + J/ψ2(1) prompt
• The two muon pairs are all J/ψ, but one of them is non-

prompt
p J/ψ1 non-prompt + J/ψ2 non-prompt

• The two muon pairs are all non-prompt J/ψ
p J/ψ1(comb.) + comb. (J/ψ2)

• One muon pair is J/ψ and another is comb.
p comb. + comb.

• All these two muon pairs are comb
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Add mapping Fit

• Total number of events in this region is 251293
• Prompt Jpsi pair events are 80300±3130
• Prompt Jpsi + Non-prompt Jpsi events are

38960±3075
• Non-prompt Jpsi pair events are 68655±4285
• Jpsi + comb. events are 49542±4852
• Comb. + comb. Events are 119±1078
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Extracting the DPS fraction strategy

DPS

• The SPS and DPS contribution can be separated because of their different kinematics
• We get SPS and DPS templates of invariance mass and delta rapidity 

SPS

SPS DPS
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DPS fraction

The definition of DPS  fDPS = NDPS/(NDPS+NSPS)

DPS fraction: 0.60±0.01

• We extract prompt J/ψ pair events in each invariance mass and delta rapidity bin. 
• Use the SPS and DPS templates to fit data 

DPS fraction: 0.65±0.01
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Summary

• We add trigger Matched in event selection and get the corresponded efficiency

• We distinguish J/ψ and comb. in invariance mass dimension and distinguish J/ψ prompt 
component in lifetime dimension

• We do the fit validation first and then do four dimension fit for two muon pairs to distinguish all 7 
components

• We try to separate SPS and DPS according to their different kinematics

• Next step
• We will write analysis note and get the CADI line 
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