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Correlation/flow observables
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Correlation/flow observables
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probability distributions:
PV, Ve, Py P nl)

= Event plane correlation:
p(q)n’cbm) and p(q)n’q)m,cDL)

= EbyE v, p(vy), p(v3) and p(v,)

Probes: initial geometry and transport properties of the QGP



Observables at detector level
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Summary of average flow v (cent,p+, n,n)
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v, coefficients rise and fall with centrality-> collision geometry

v, coefficients rise and fall with p;.

-> hydrodynamic response

v, coefficients are ~boost invariant. - global event shape



Comparison of v, results with hydro models

Gale et al. (2013) Pt\ys. Rev. Lett; 110, 012302
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Tracks

Event-by—event fluctuation seen in data
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Tracks

60—

40(

20

Event-by—event fluctuation seen in data
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Obtain p(v,,) from p(v,°°s)

. b
response function: p(v)°°|v,)

ATLAS arXiv: 1305.2942

¢

I

Obtain p(CDn,CDm) from p(q)nObS,CDmObS)

Determine resolution corrections

ATLAS-CONF-2012-49



m Correlations exist in the initial geometry and
are also generated during hydro evolution:

non-linear mixing, e.g.
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Correlations exist in the mitial geometry and
are also generated during hydro evolution:
non-linear mixing, e.g.

= k84+v2vze_i4®2 +...

The correlation quantified via correlators

=142y Vicos(4j(®,-®,))

Jia, Soumya, Teany,
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arxXiv:1203.5095
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m  Generalize to three-plane correlations
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Event plane correlation results

<cos 4D, - <I)4)> <cos 6(D, - (I)3)>
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Event plane correlation results
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Event plane correlation results

<cos 4D, - CI)4)> <cos 6(D, - (I)3)> <COS 6(P, - (D6)>

<cos 6(D,-P, )>
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Event plane correlation results
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Compare with EbE hydro calculation
Initial geometry + hydrodynamlc Zhe & Heinz 1208.1200
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Compare with EbE hydro calculation
Initial geometry + hydrodynamlc Zhe & Heinz 1208.1200
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Measuring the p(v,,) distributions
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v,,) distributions
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Expectation for v fluctuations

<r” cos(n¢)> <r” sin(n¢)>
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Expectation for v fluctuations

<r” cos(n¢)> <r” sin(n¢)>
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Are flow fluctuations Gaussian?

p(v,) < exp
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First indication of non-Gaussian behavior
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Measuring the hydrodynamic response
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Models need to map p(g,) to p(v,)
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Summary

m Detailed differential measurement of v (pr,n,centrality) for n=2-6

s Detailed constraints on geometry models and n/s

s Event-by-event fluctuation of the QGP and its evolution can be
accessed via p(V,,Vyy-ee 0, P, Py - o)
= First measurements of 2- and 3- event plane correlations:
p(®,,P,,) and p(P,,D,, ;).
= First measurements of the p(v,), p(v;) and p(v,).

= Strong non-linear effects in the hydrodynamic response to initial
geometry fluctuations.
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Double ridge in p+PDb collisions
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Vv, and v, from p+PDb

= Significant v, and v;, comparable to Pb+Pb collisions.
= Significant v,{4} = 0.06 suggest large collective motion.

= Vv, values compatible with hydrodynamics (also CGC)
= Butv;, v,{4}, and PID v, (ALICE) challenging for CGC.
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Jet tomography

= Significant jet v, over 50-200 GeV, clearly sensitive to Path length
= Comparable to charged hadron v, at high p;

m Better constraint on AE(L)?
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All p+ respond: same shape
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Three-plane correlations
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