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Panos Christakoglou (Nikhef) 

Many thanks to the flow groups from PHENIX, STAR, ALICE

Experimental overview of collective flow with identified 
particles at RHIC and the LHC
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Panos Christakoglou (Nikhef) 

Could not help adding my (in some cases 
biased) interpretation of results

Experimental overview of collective flow with identified 
particles at RHIC and the LHC
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Studying the properties of the QGP
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M. Roirdan and W. Zajc, Scientific American 34A May (2006)
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The “perfect liquid” at RHIC and LHC
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The “perfect liquid” at RHIC and LHC
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Probing the properties of the QGP
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Identified particles v2 at the LHC
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(ALICE), arXiv:1405.4632 [nucl-ex] 
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The three momentum scales: low pT (pT < 2 GeV/c)
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Low pT (pT < 2 GeV/c): mass ordering ➜ elliptic/radial flow interplay 

(ALICE), arXiv:1405.4632 [nucl-ex] 
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Comparison with hydrodynamic calculations

10

H. Song, S. Bass and U. Heinz 
Phys. Rev. C89, (2014) 034910
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Centrality 10-20%

Systematic deviations for the majority of particle species 
(with the exception of K) 

Proton v2 underestimated (i.e. extra push expected in 
hydro) but Λ v2 overestimated (i.e. less push expected in 
hydro)
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Understanding the role of hadronic rescattering

11

Mass ordering not preserved in VISHNU due to the hadronic cascade 

not supported by ALICE data
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The three momentum scales: intermediate pT (2 < pT < 8 GeV/c)
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Number of constituent quark (NCQ) 
scaling holding with good accuracy at 
RHIC 

quarks coalesce forming hadrons? 

NCQ scaling was considered as 
“evidence” of partonic degrees of freedom

J. Adams et al., (STAR Collaboration), 
Nucl.Phys. A757 (2005) 102 

K. Adcox et al., (PHENIX Collaboration), Nucl. 
Phys. A757, (2005) 184

A. Adare et al. (PHENIX Collaboration), Phys. Rev. C85, (2012) 064914
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Scaling properties at the LHC
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Intermediate pT (3 < pT < 6 GeV/c): ~grouping based on type (mesons/baryons)

Scaling at the level of no better than ± 20%
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Scaling properties at the LHC
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Scaling at the level of no better than ± 20%
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The special role of the φ-meson
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Important test of: 

mass ordering at low pT 

the particle type grouping at intermediate pT
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The special role of the φ-meson
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At low pT (pT < 2 GeV/c): mass ordering ➜ elliptic/radial flow interplay 

First bins could hint to a different ordering? Still inconclusive… 

Intermediate pT (2 < pT < 6 GeV/c) the φ-meson follows 

the baryon band for central events 

the meson band for peripheral events

Important test of: 

mass ordering at low pT 

the particle type grouping at intermediate pT
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The special role of the φ-meson
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Important test of: 

mass ordering at low pT 

the particle type grouping at intermediate pT

Mass effect also at the intermediate pT 
range (at least for central events)! 

Challenges the coalescence picture

At low pT (pT < 3 GeV/c): mass ordering ➜ elliptic/radial flow interplay 

First bins could hint to a different ordering? Still inconclusive… 

Intermediate pT (3 < pT < 6 GeV/c) the φ-meson follows 

the baryon band for central events 

the meson band for peripheral events
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Comparison with RHIC: low pT
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Pions at the LHC have systematically larger v2 than at RHIC 

Protons at the LHC have significantly lower v2 than at RHIC 

Blue-shift for heavier particles



Panos.Christakoglou@nikhef.nl

Comparison with RHIC: intermediate pT
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Forming the double ratio
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Comparison with RHIC: intermediate pT
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Qualitative trend similar at RHIC and LHC 

Differences between different particle species
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The three momentum scales: high pT (pT > 8 GeV/c)
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Probing the path length dependence of 
energy loss 

particles flying in-plane have to travel 
through less (more) medium  

expect to see an azimuthal dependence of 
jets and high pT particles
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High pT pions, kaons, protons @ LHC: v2

Significant v2 for all particle species at high pT 

azimuthal dependence of high-pT particle yield 

no significant particle species dependence for pT > 10 GeV/c 

Theory curve describes data fairly well

22

B. Abelev et al. (ALICE Collaboration), Phys. Lett. B719, (2013) 18
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High pT pions, kaons, protons @ LHC: nuclear modification factor

Large suppression of high pT particles 

Suppression does not depend on particle species for pT > 10 GeV/c
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B. Abelev et al. (ALICE Collaboration), arXiv:1401.1250
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Searching for the critical point
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BES: v2 of antiparticles

Similar mass ordering at low pT as the one reported for higher energies 

The φ seems to deviate from the ordering at lower energies

25

L. Adamczyk et al. (STAR Collaboration), Phys. Rev. C88, (2013) 014902



Panos.Christakoglou@nikhef.nl

BES: v2 of particles

Similar mass ordering at low pT as the one reported for higher energies 

Spread of v2(pT) narrows with energy (not for antiparticles!)
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L. Adamczyk et al. (STAR Collaboration), Phys. Rev. C88, (2013) 014902
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BES: v2 difference between particles and antiparticles

Particle composition, baryon stopping change with energy 

Is the difference a “trivial” effect or does it signal the transition to hadronic degrees of freedom? 

Models that couple hydro to baryon stopping seem to be getting  similar differences with energy 

Situation is still quite unclear ➞ need for further input from theorists
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L. Adamczyk et al. (STAR Collaboration), Phys. Rev. C88, (2013) 014902
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Τα πάντα ρει…(everything flows)

28

Ηράκλειτος (Heraclitus) ~535 - 475 BC



Panos.Christakoglou@nikhef.nl

Τα πάντα ρει…(everything flows)
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Ηράκλειτος (Heraclitus) ~535 - 475 BC

Not only in A-A it seems but also for smaller systems!

B. Abelev et al. (ALICE Collaboration: Phys. Lett. B726, (2013) 164
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And there is more…: higher harmonics!
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THANK YOU FOR YOUR ATTENTION
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Backup
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How does mass ordering develop?

Radial flow pushes particles to higher pT ➞ depletion at lower pT 

heavier particles “feel” more the boost  ➞ the higher the mass the larger the low pT 
depletion

33

B. Abelev et al. (ALICE Collaboration), Phys. Rev. C88, (2013) 044910
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How does mass ordering develop?

34
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How does mass ordering develop?

Larger “push” in-plane than out-
of-plane as a function of mass 

larger low-pT depletion in-plane 
than out-of-plane ➞ lower v2 in a 
mass dependent way
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How does mass ordering develop?

Larger “push” in-plane than 
out-of-plane as a function 
of mass 

larger low-pT depletion in-
plane than out-of-plane ➞ 
lower v2 in a mass 
dependent way

36

Heavy particles have lower v2 at a fixed pT than light particles
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Comparison with hydro: central events

37

Systematic deviations for the majority of particle species (with the exception of K) 

Proton v2 underestimated (i.e. extra push expected in hydro) but Λ v2 overestimated 
(i.e. less push expected in hydro) 

Mass ordering not preserved in VISHNU due to the hadronic cascade 

not supported by ALICE data


