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Can you guess: PbPb , pPb or pp ? 

 



Motivation 
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High-multiplicity pp collisions at √s = 7 TeV       JHEP 1009 (2010) 091  



pPb collisions could be even more violent ! 

• 418 charged particles detected ! 

Julia Velkovska (Vanderbilt)                    CMS correlations and flow, IS2013, Sept 9-14,2013 4 



We study 2-particle correlations 
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To find ….ridges everywhere … 
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PLB 718 (2013) 795 

http://www.sciencedirect.com/science/article/pii/S0370269312011768


2013 pPb data: match the multiplicity in PbPb 

• Extend the multiplicity range in pPb 

• Study Fourier harmonics 

•  4-particle correlations 

• Revisit PbPb 
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PLB 724 (2013) 213 

n = 2  

“most central” 

http://www.sciencedirect.com/science/article/pii/S0370269313005030


Questions to address 

• What is the origin of the ridge in small systems ? 

– Collective flow ? 

– Quantum interference of gluons (CGC) ? 

–  … or something else ? 

• What are the initial state fluctuations ? 

 

• Methods:  

– Compare 2- and 4-particle correlations in different 

collision systems 

– Study high-order harmonics 

– multiplicity dependence  
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EXPERIMENTAL DETAILS 
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Data sets and triggers 

 
• Start with a L1 trigger “seed” : total transverse energy > 20,40 GeV 

• 4 High-Multiplicity HLT trigger thresholds based on tracking  

• Each recorded 20 M events in 3 weeks run 

• pPb integrated luminosity: 31nb-1 

• PbPb data from 2011: 50-100% , 2.3 μb-1 reanalyzed  
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2-particle correlations 
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Long and short range correlations 
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Collective effects :  

decompose in Fourier components 

Jet-like correlations 



Fourier decomposition 
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pPb: Subtraction of peripheral correlations 

• Away-side: 

– non-flow correlations 

 

 

• Subtract peripheral 

Ntrk
offline<20  

–  to get v2, v3  
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Account for the fact that jet  

correlation increases with multiplicity 

Test in HIJING 

Note: Results are obtained with or 

without peripheral subtraction    



multi-particle correlations 

 

Julia Velkovska (Vanderbilt)                    CMS correlations and flow, IS2013, Sept 9-14,2013 15 



Effect of multiplicity fluctuations on c2{4} 
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Narrow bins + averaging:c2{4}>0 

Wide bins: “generate” v2 in HIJING Turn-on of the signal in data  



RESULTS 
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Long range 1 D correlation functions 
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PLB 724 (2013) 213 

http://www.sciencedirect.com/science/article/pii/S0370269313005030


The ridge yield in different systems 

Similar pT dependence in 

PbPb and pPb 
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Turn on around  Ntrk ~ 50 

Independent of system size 

PLB 724 (2013) 213 

http://www.sciencedirect.com/science/article/pii/S0370269313005030


pT dependence of vn : PbPb vs pPb 
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Dashed-dotted curves 

N<20 subtracted 

Important for high-pT    

n = 2  

Remarkable similarity in PbPb and pPb for same multiplicity 

PLB 724 (2013) 213 

http://www.sciencedirect.com/science/article/pii/S0370269313005030


Multiplicity dependence of v2 

v2{4} turn-on around  Ntrk ~ 50; weak multiplicity dependence 
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v2{4} turn-on around  Ntrk ~ 50; weak multiplicity dependence 

n = 2  

PLB 724 (2013) 213 

http://www.sciencedirect.com/science/article/pii/S0370269313005030


Multiplicity dependence of v2 

v2{4} turn-on around  Ntrk ~ 50; weak multiplicity dependence 
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Larger fluctuation in pPb 

n = 2  

PLB 724 (2013) 213 

http://www.sciencedirect.com/science/article/pii/S0370269313005030


Multiplicity dependence of v3 

• Independent of system size 

• Does not extrapolate to 0  
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CMS 

PLB 724 (2013) 213 

http://www.sciencedirect.com/science/article/pii/S0370269313005030


Other hints of collective effects ? 

Inverse slope increases with particle mass and 

with multiplicity. Reminiscent of  radial flow. 
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F.Sikler on Thursday 



Conclusions 

• CMS has measured elliptic and triangular flow coefficients 

in pPb and PbPb collisions 

• Similar pT and multiplicity dependence in different systems ; 

v3 is identical in pPb and PbPb 

• Four-particle correlations indicate a turn-on of multi-particle 

dynamics at ~ Ntrk ~ 50  

• The ridge becomes apparent at the same multiplicity 

independent of system size.  

– Are we probing the limits of hydrodynamics ?  

• Hints of multiplicity dependent radial expansion 

• pPb provides a testing ground for our “reference” ideas  
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EXTRA 
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