
How are relative particle species 
abundances determined? → chemistry

How is momentum 
distributed? → kinematics
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kinematically and chemically 
equilibrated system: hydrodynamics 

and statistical principles

How are momenta 
Correlated? → collectivity
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Hadrochemistry
Via integrated particle ratios

Kinematics
Via pT-differential particle ratios
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“Elliptic flow” in PbPb, pPb, pp — but not in e
+
e
�

Long-range (in rapidity) angular correlations (a.k.a. “elliptic flow”) observed in
PbPb, pPb, and high- multiplicity pp collisions, but not in e+e� collisions:

Yen-Jie Lee (MIT)

Archived ALEPH e+e- Data at 91 GeV

3Status of Heavy Ion Physics

pp PbPbpPbe+e-

Badea et al., arXiv:1906.00489 CMS, PLB 724 (2013) 213CMS, JHEP09 (2010) 091

(figure credit: Yen-Jie Lee (MIT))

Whereever the
e↵ect is seen, it
is a collective
phenomenon:
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• The double ridge: 
• There in pp, p-Pb, Pb-Pb

• Systematic studies by ALICE 
reveal v2 not only a function 
of Nch across systems

Collectivity
Via multi-particle correlations

Where do we go from here?
Ideas for future measurements

§ Behavior known from Pb-Pb
collisions

§ Interpreted as radial flow: p 
are pushed to a higher 
momentum
§ pushed by a common 

velocity field

§ Remarkable consistency across 
systems as a function of 
multiplicity

§ high pT: recovery of universal 
behavior?

§ Small systems:
-Strangeness enhancement
-Mult-independent proton/pion ratio

§ Towards central Pb-Pb:
-Strangeness abundance constant
-Proton/pion decreases

Theoretical challenge: 
• Statistical hadronization? 
• pQCD description? 
• Role of the hadronic phase?

This is also a puzzle: 
how can radial flow act 
the same on p/𝜋 in Xe-Xe
and Pb-Pb but elliptic flow 
is different? 

The goal: 
To isolate where in phase space the pp-to-Pb-Pb  dynamics transition takes place

• Technique: 2-particle correlations of identified particles
• Promising technique to study production mechanism
• Triggers: charged particles for jet studies; Ξ, ɸ for 

strangeness production / string breakup 
• Important to understand the conditionals at play

• Selection: spherocity / event shape
• Select on event shape based on transverse 

arrangement of charged particles
• Provides handle on multi-parton interactions

• Selection: transverse 
multiplicity RT
• Select on event 

multiplicity 
perpendicular to the 
highest-momentum 
particle in the event 
• Separate jet and U.E.

§ Clearly needed: strong interaction between theory / phenomenology and 
experiment to guide the next generation of measurements

2 → 2 scatterings (LO)
Soft physics: multi-parton interactions 

and initial and final state radiation
MPI correlated via b, Q2

ALI-PREL-322959

From small to large: 
Particle production from proton-proton to lead-lead collisions

David Dobrigkeit Chinellato


