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Collective-like effects in small systems
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Collectivity in small systems
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Small systems to study as a tool to study the onset of hydrodynamic behavior
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Signature of sub-nucleonic structure!



Collectivity in small systems: transport models
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The elliptic flow in pA can be also described in transport models as the PHSD
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CGC calculations

• Generating non vanishing odd harmonics in the CGC
• Going beyond the Glasma graph approximation in the projectile (Vila)

• Going beyond eikonal in the target (Altinoluk)
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Experimental results on flow on small systems
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v2 – tool to study the flow of produced particles

• non-central collisions : elliptical geometry

• expansion (flow) → azimuthal modulation in momentum 

• azimuthal mom. distribution → decomposed into a Fourier expansion, with anisotropic flow coefficients:

Elliptic flow in Pb-Pb
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Mass ordering at low pT: 
described by hydrodynamics

Baryon vs meson splitting at high pT: 
quark-level flow + recombination

Fig. D. Chinnelato

arXiv: 2206.04587 



Elliptic flow in small systems

• Mass ordering at low pT: described by hydrodynamics

• Baryon vs meson splitting at high pT:  quark-level flow + recombination

• Characteristic flow behaviors of Pb-Pb have been observed in pp and p-Pb!
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Flow of partons in small systems

without quark coalescence with quark coalescence

• Mass ordering at low pT: described by hydrodynamics

• Baryon vs meson splitting at high pT:  quark-level flow + recombination

• Model without quark coalescence cannot qualitatively describe trends seen in data

• Indication of partonic flow in small systems
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Flow of partons in small systems
• Mass ordering at low pT: described by hydrodynamics

• for the first time for prompt D0 in pp and nonprompt D0 in pPb

• indications of collectivity of charm quarks in pp collisions

• indications of mass dependence of heavy-flavor hadron v2 in the pPb
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Flow of partons in small(er) systems
γ-p collisions from CMS

• For the first time long-range correlations have been studied in γ-p collisions, identified from pPb
collisions and studied

• No collectivity effect seen so far (data match the Pythia simulations)
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https://arxiv.org/abs/2204.13486

https://arxiv.org/abs/2204.13486


Flow of partons in small(er) systems

• v2 measured 
also in UPC from 
ATLAS
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Strangeness enhancement in small systems
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Pythia/Arganthyr
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Onset of collectivity, 
phase diagram
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NA61/SHINE program



Outlook

• Light nuclei more under control. Optimistic future
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