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Introduction

collective flow of particles produced in nuclear collisions = significant anisotropy in the plane perpendicular to the beam
direction = extensively studied in heavy-ion experiments.

In p+Pb collisions the small size of the produced system compared to the mean free path of the interacting constituents
might have been expected to generate weaker collective flow, if any, compared to heavy ion collisions.

Geometry of initial state produces a pressure gradient, driving the expansion of the hadronic system and overlapping with
non-flow dynamics (resonance decay, Bose-Einstein correlations, jets...)

Observables:
o Particle azimuthal distribution = using v, Fourier coefficients

o Two-particle / multi-particle correlations
(N. Borghini, P. M. Dinh, J. -Y. Ollitrault, Phys. Rev. C63 (2001) 054906, Phys. Rev. C64 (2001) 054901)
Previous measurements:
* v, measured up to vs = special emphasis on elliptic flow v, (pr, centrality, n dependencies)

Discussed today:
* New analysis using cumulant-based v, determination applied to p+Pb collisions

o reduce non-flow contribution by computing multi-particle correlations




Event and track selection
+ Data sample: 1 pb-! p-Pb at /5, =5.02 TeV (2012)
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The p+Pb ridge

The correlation functions is given by:

ATLAS
Pb-Pb |'s,,,=2.76 TeV

Phys.Rev. €86 (2012) 014907

70-80% =2 S(Ag, An)
2<pd, ® <3 Ge C l , l —
B B <3 GeV (A, An) B3 An)
12 1.02] ™ A9 =P — P
1.4 1.011" —An =1 —1np

- S and B represent pair distributions
constructed from the same event and
from "mixed events,” respectively.

- a and b denote the two particles in the
pair ("trigger” and "associated")
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* two-particle correlation studies

~ performed recently on data from

| MZE; >80 GeV p+Pb collisions revealed the presence

> of a "ridge", a structure extended in

the relative pseudorapidity, n, while
narrow in the relative azimuthal
angle, Ag, on both the near-side (Ag
~ 0) and away-side (A¢ ~ )

« the "ridge"” = combination of all v,

« complicated correlations interpreted
as flow

 also resembling the flow modulation

of the Ay distributions in Pb+Pb

collisions

ATLAS  p+Pb (5,=5.02TeV
JL=1ub" 05<p>°<4 Gev
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Two particle correlations in p+Pb collisions
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M, — total number of trigger particles
by — determinated by zero-yield-at-minimum
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Y;.t increase in similar way with centrality.
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Two particle correlations in p+Pb collisions

Per-trigger yield in several
pr ranges.

The difference between yields
for central and peripheral
events is consistent with
modulation:

ay + 2a, cos 2A¢
where:

a, = < AY(A¢) >
a, =< AY(A¢p)cos 2A¢ >

The same type of modulation
in all pr intervals.

PRL 110, 182302 (2013)
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Differences between yields for central and peripheral
events in near side and away side are very similar.
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The s, modulation parameter has similar pr
dependence as elliptic flow in Pb+Pb collisions 5
ATLAS, Phys. Lett. B707 (2012) 330

Two par‘rlcle correlahons in p+Pb collisions

Ridge v,-/ike extraction

Can be translated into v,-equivalent

variables.

015 = 1J-lb1

LI — | L L LI—
[ ATLAS p-+Pb + n=

(M

* ) +

LEY > 80 GeV
2<|An|<5
0.5<p <4 GeV

" PRL 110, 182302 (2013)

4 6

p: [GeV]

ATLAS h' Pb+Pb \Js,, =2.76 TeV 40-50%

ALICE h* Pb+Pb \[s,,=2.76 TeV 40-50%
STAR N Au+Au\[5,=200 GeV 40-60%
PHENIX i AusAu\[s, =200 GeV 40-50%

15



p+Pb v2 fr'om cumulan‘rs
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Summary

B ATLAS has measured the second harmonic coefficient in p+Pb collisions
at /syy = .02 TeV using two- and four-particle cumulants.

E A significant magnitude of v, is ob.served.using both two- and four-
particle cumulants, al’rhoqgh v,{2} is consistently larger than v, {4},
Indicating a sizeable contribution of non-flow correlations to v,{2}.

¥ Transverse momentum dependence of v,{4} shows a behavior similar to
that measured in Pb+Pb collisions at \/syy = 2.76 TeV.

B Good agreement is also found with the predictions of a hydrodynamic
calculation for p+Pb collisions.

¥ The multi-particle cumulant results presented here provide additional
evidence for the importance of final-state effects in the highest
multiplicity p+Pb reactions which may lead to collective flow similar to
Thﬁfr observed in the hot, dense system created in high-energy heavy-ion
collisions.



