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Agenda

• Azimuth autocorrelations

• Nonflow and minijets

• Quadrupole (flow) systematics

• A-A eccentricity models

• Universal quadrupole trends

• Flow fluctuations

• Quadrupole yt dependence

• What is elliptic flow?
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Autocorrelations and Power Spectra

2D random walk correlations
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Conventional EP Flow Analysis

1. Event-wise ‘flow’ vectors:

2. Event-plane angle from Qm:

3. Ensemble average: 

4. Correct for event-plane resolution:
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vm Relation to Azimuth Autocorrelation
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200 GeV Centrality Trends
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Modeling 2D Autocorrelations
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Quadrupole Centrality Systematics
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√sNN (GeV)
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Quadrupole Energy Systematics

common energy trend

〈〈〈〈pt〉〉〉〉 fluctuations

suggests a common underlying mechanism
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• Minbias N-N interactions are not point-like objects 
acting at a distance

• The W-S distribution may better describe low-x glue

point-like objects 
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Universal Centrality and Energy Trends
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Quadrupole ν and √sNN Dependence

• Centrality dependence is universal

• Energy dependence consistent with QCD

• Optical eccentricity represents low-x glue

• Combined trends reveal a universal relation

• Ideal hydro v2 ∝∝∝ ∝ ε ε ε ε not observed in data

• What is ‘elliptic flow’ in N-N collisions?
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Flow Fluctuations – I: v2{2} – v2{4}

ν
∆ρ

[2
] /

 √
ρ re

f

1D-proj-200
X[2]-200
X[2]-62
v2-17
v2{2}
v2{4}

17 GeV

62 GeV

200 GeV

v2{2}

v2{4}

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

2 4 6

2

4 4 4 2 2
2 2 2

2 2 2
2

{2} {4} 4 (1 / 2)

/v

v v v r r

r vσ
− = +

≡

nucl-ex/0612021

• v2{2} ~ 1D projectionof 2D autocorrelation:   
quadrupole + minijets 

• v2{4} ~ quadrupole only: no minijets

• v2{2} – v2{4} entirely due to minijets flow fluctuations are not
required by these data

difference attributed to flow fluctuations
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Flow Fluctuations – II: Flow Vector
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Flow Fluctuations – III: Eccentricity

• seems to confirm v2 ∝∝∝ ∝ εεεε
• true fluctuations may be small
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What Do We Learn From v2( pt)?
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minimum-bias event sample

boosted source simply described
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Quadrupoleyt Dependence and Boost
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minimum-bias event sample

boosted source simply described
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Quadrupoleyt Dependence and Boost
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Boost Centrality Dependence

Phys. Rev. C 72, 014904 (2005)
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Quadrupole yt Dependence

• Hydro predictions apply to the numerator of v2, 
not the denominator

• Can hydro predict boosts for different multipoles?

• Is a hydro description required? … permitted?

• Is ‘elliptic flow’ actually glue-glue scattering?
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Summary

• 2D angular autocorrelations separate ‘flow’ (quadrupole) from 
‘nonflow’ (minijets)

• Quadrupole trends depend only on initial parton conditions, 
not on system evolution or EoS

• Accurate data inconsistent with hydro expectation v2 ∝∝∝ ∝ ε ε ε ε 
• Optical Glauber eccentricity better models low-x glue

• Claimed ‘flow fluctuations’ are a manifestation of minijets

• Quadrupole yt dependence reveals a boost distribution

• Radial boost and quadrupole are present in N-N collisions

• ‘Elliptic flow’ may represent a novel manifestation of QCD


