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Excellent	detector	for	B physics, especially for studies with muons
• Muon	system

– High-purity	muon	ID,		Dm/m~0.6%	for	J/ψ
• Silicon	Tracking	detector,		B=3.8T

– DpT/pT~1%	&	excellent	vertex		resolution	
• Special	triggers	for	different	analyses at	increasing	Inst.	Lumi.

–  !	pT, (!!) pT,  (!!) mass, (!!) vertex, and additional !

CMS dimuon & trigger
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Associated heavy flavour production

• MPI (multiple parton scattering) studies are important for 
○ Probing partonic structure of proton 

○ Tuning of Monte Carlo event generators 

○ Background for new physics searches 

• Associated heavy flavour production
– Initial state: e.g. sensitivity to the concepts of 

single (SPS), double (DPS) and triple (TPS) parton scattering

– Final state: e.g. sensitivity to heavy flavour hadron formation (colour 
singlet vs. colour octet), sensitivity to resonant multi-heavy-flavor 
states 
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CMS results on associated quarkomium

• Double J/ψ in pPb at 8.16 TeV (2024)
– First observation

• Double J/ψ in pp at 13 TeV (2023, Kai Yi’s talk)
– New structures in double J/ψ mass spectrum

• Triple J/ψ in pp at 13 TeV (2023)
– First observation 

• Double Upsilon in pp at 13 TeV (2020)

Early analyses with Run 1 data

• Double Upsilon in pp at 8 TeV (2017)  – First observation

• Double J/ψ at 7 TeV (2014)
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J/ψJ/ψ in pPb
• MPI cross section increases with √s; increased parton densities 

– Many measurements from UA2 to LHC

• DPS cross section can be written as 
– Effective cross section σeff ≡ (Interpretation transverse distance)2 

• pPb data provide an independent tool to extract σeff

– DPS is enhanced by a factor of 600 in pPb collisions as compared to pp 
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First observation of J/ψJ/ψ in pPb
• pPb data sample collected at 

√sNN = 8.16 TeV during 2016 
– Integrated luminosity: 174.56 nb−1 

• Channels considered 
– J/ψ(→μμ)J/ψ(→μμ)

– J/ψ(→μμ)J/ψ(→ee) 

• Signal Yield
– J/ψ(→μμ)J/ψ(→μμ) : 8.5 ± 3.4

– J/ψ(→μμ)J/ψ(→ee) : 5.7 ± 4.0 

• Significance is 4.9 sigma for the 
4 muon channel (Likelihood ratio of 
the fits + asymptotic formula under Wilks 
theorem) 

• 5.3σ (combination with Fischer 
Formalism) 

8Zhen Hu              May 30, 2024, FPCP
CMS-PAS-HIN-23-013 

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-013/index.html


J/ψJ/ψ cross section in pPb at 8.16 TeV

• Using J/ψ(→μμ)J/ψ(→μμ) only, fiducial cross section
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Separate DPS and SPS
• events (SPS) = 6.4 ± 4.2
• events (DPS) = 2.1 ± 2.4 

Fiducial cross section: 
SPS: 16.5 ± 10.8 (stat) ± 0.1 (syst) nb 
DPS: 5.4 ± 6.2 (stat) ± 0.4 (syst) nb 
 

CMS-PAS-HIN-23-013 

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIN-23-013/index.html


Effective cross section from pPb
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σeff (pp) 

Neglecting parton correlations, factorization of double PDF in transverse and 
longitudinal components, σeff (pp) can be calculated as



J/ψJ/ψ cross section in pp at 7 TeV
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Total cross section, assuming unpolarized prompt J/ψJ/ψ pair production 
1.49± 0.07 (stat.)± 0.13 (syst.) nb

Different assumptions about the J/ψJ/ψ polarization imply modifications to 
the cross section ranging from -31% to +27%.
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J/ψJ/ψ candidates in pp at 13 TeV
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• CMS data: 135 #$!", taken 
in 2016, 2017 and 2018 LHC 
runs

• %/' mass and vertex related 
cuts removed

• Clean %/' signals are seen
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New structures in J/ψJ/ψ 
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• Fit with interf. among BW1, BW2, and BW3 describes data well

• Measured mass and width in the interference fit 

                                                  X(6600)         X(6900)        X(7100)

                                           First observation                  First evidence

7.9+ 9.8+

4.7+

Phys. Rev. Lett. 132 (2024) 111901

http://dx.doi.org/10.1103/PhysRevLett.132.111901


First observation of triple J/ψ in pp

l Signal yield: 5!".$%&.'events 

l Significance > 5σ
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σ(pp→J/ψJ/ψJ/ψX)
= 272 +141−104 (stat) ± 17 (syst) fb

Nature Physics 19 (2023) 338

http://dx.doi.org/10.1038/s41567-022-01838-y


3 J/ψ: SPS, DPS and TPS processes

• Expect dominance of DPS, with some TPS and very little SPS
– SPS: ~6%, DPS: ~74%, TPS: ~20%
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DPS effective cross section

Two“clusters”of results -> σeff might not be universal
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• Consistent with results 

from di-quarkonium

• 3 – 10 mb

• Inconsistent with jets, 

photons and W bosons

• 10 – 20 mb



Double Upsilon at 13 TeV
• 35.9 fb−1 pp collision at 13 TeV，both |Y(1S)|<2
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Phys. Lett. B 808 (2020) 135578

http://dx.doi.org/10.1016/j.physletb.2020.135578


Outlook for Run 3

• New trigger at CMS for Run 3, new possibilities! 
– J/ψ + ψ(2S)

– ψ(2S) + ψ(2S) 

– J/ψ + Upsilon

– ψ(2S) + Upsilon
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Thank you!

https://cds.cern.ch/record/2868780


