Flow measurements in p+Pb
(and their comparison with Pb+Pb)
at ATLAS

Krzysztof Wozniak, IFJ PAN, Krakéw, Poland
for the ATLAS Collaboration

Rencontres de Moriond 2015, QCD and High Energy Interactions

_\_, AT L AS High multiplicity p+Pb event

12 Run: 217946 Ny, (py > 0.4 GeV) = 273,
A EXPERIMENT  Event: 32291041 Nu. (pr> 1.0 GeV) = 106 (shown)
2013-01-20 FCal A (Pb going side) 2E, = 139 GeV

http://atlas.ch

ES N
= T
fe 7
C iy e -
_}E-- -
Pb - ® ow




Flow in heavy ion collisions

In the collisions of nuclei Quark-Gluon Plasma (QGP) is created.
Preassure gradients result in differences in particle emmision
observed as particle flow.
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Flow in heavy ion collisions - azimuthal angle distribution
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Flow In heavy ion collisions - azimuthal angle distribution

Especially in the most central collisions
azimuthal angle distribution deviates

from sinusoidal form.
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Flow in heavy ion collisions - nuclei overlap fluctuations

Especially in the most central collisions
azimuthal angle distribution deviates

from sinusoidal form.
It is connected with the fluctations of the

shape of the initial collision volume.
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Flow Iin heavy ion collisions - Fourier decomposition

Event plane method

D23, oy neos(n(6—8,)

v, = (cos(n(p—2,)))

Two-particle correlations method

dN
d(cl)a_(l)b

- 1+2Zv (p%. p7)cos(n(d,~b,))

vn,n — <Cos<n(¢a_¢b))>
for flow: Vn,n(P;,Pl;) = Vn(PC})Vn(P?)

Cumulants from 2k-particle correlations

<Cor”n{2k}> = <eXp(i”<¢1+---+¢k_¢k+1+---+¢zk))>
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Centrality of Pb+Pb and p+Pb collisions
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Distribution of the signals registered in the Forward Calorimeter (FCal),
in 3.1 <|n| < 4.9 range, is divided into bins with appropriate percentage of
events. For p+Pb collisions only the side of Pb nuclei fragmentation is
used.

Fraction of the sampled non-Coulomb inelastic cross section after all
trigger selection cuts is estimated to be 98% +2%
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Particle density distributions
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ATLAS, Phys. Lett. B710 (2012) 363. ATLAS-CONF-2013-096.

Large difference in the multiplicity.
Asymmetric shape of pseudorapidity distribution in the central p+Pb collisions
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Geometry of Pb+Pb and p+Pb collisions

Pb+Pb collision p+Pb collision
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Two-particle correlations in Pb+Pb collisions

Pb+Pb collisions

Phys. Rev. C86 (2012) 014709. o
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Two-particle correlations in p+Pb collisions

o In the p+Pb events with high multiplicity a long-
Pb+Pb collisions range correlation similar to flow is observed.
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Per trigger yield in p+Pb collisions - recoil subtraction

To study long-range effects without contribution from jets, the yield from
peripheral events has to be subtracted:
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Per trigger yield in p+Pb collisions - corrected and recoil yields

Per trigger yield integrated over 2 < |An| <5 range, in high multiplicity events
and several intervals of p.’
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Corrected yield

corrected
yield

recoil

larger

then recoil contribution,
especially in the near

side
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Per trigger yield in p+Pb collisions - dependence on p_
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Per trigger yield in p+Pb collisions - dependence on multiplicity
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Flow in p+Pb collisions
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Flow in p+Pb collisions

Flow harmonics for different multiplicity ranges, v, > v, > v,
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Flow in p+Pb collisions

Flow harmonics as a function of multiplicity
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Flow in p+Pb collisions - directed flow v__
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Flow in p+Pb collisions - directed flow v,
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Flow in p+Pb collisions - comparison with Pb+Pb collisions

Comparison of v _(p,) in p+Pb and Pb+Pb collisions, n=2-4

Rescaling of Pb+Pb harmonics:
« change of p. by a factor K=1.25

(to account for different values
of <p>)

« modification of the absolute
magnitude of v, and v, by a

common empirical factor 0.66

Similar shape of v (p,) is obtained

Phys. Rev. C90 (2014) 044906.
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Flow in p+Pb collisions - cumulants method

Elliptic flow obtained from two-particle, v {2}, and four-particle, v,{4} cumulants
compared with v, values from two-particle correlations, v,{2PC}.
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v.{2} > v_{4}, as in v {4} contributions from two-particle correlations are
canceled.

Phys. Lett. B 725 (2013) 60.
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Summary

Two particle correlation in p+Pb collisions studied by ATLAS
> in p+Pb events with high multiplicity correlations similar to flow seen in
Pb+Pb collisions are observed
> in order to remove contributions from jets the yield from peripheral collisions
has to be subtracted

Properties of flow phenomena in p+Pb collisions
> the magnitude of v_decreases with n, for n=2-5

> v_values, for n=2-5, increase with p_ up to 3-4 GeV and then decrease

> v, saturates at large multiplicity, while v, increases linearly

> v, changes sign at p_1.5-2.0 GeV and increases linearly

> the shape of v (p.), for n=2-4, is very similar in p+Pb and peripheral Pb+Pb
collisions, when a rescaling of p_ is first applied

> the elliptic flow has the same dependence on the number of particles used in
cumulants method: v,{2} > v_{4}, both in p+Pb and Pb+Pb collisions, indicating

sizable contribution from non-flow correlations to v,{2}
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Flow in p+Pb collisions

Flow harmonics for different ranges of p_°
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Flow in p+Pb collisions

Flow harmonics as a function of muIt|pI|C|ty
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Flow harmonics as a function of the signal in FCal detector
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Monotonic increase of flow harmonics with event multiplicity
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Flow in p+Pb collisions - directed flow v,
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Flow in p+Pb collisions - cumulants method

Elliptic flow obtained from two-particle, v {2}, and four-particle, v,{4} cumulants
compared with v, values from two-particle correlations, v {2PC}
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values of v {2} and v, {4} measured in p+Pb collisions are comparable with

results for semi-peripheral Pb+Pb collisions .
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