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(® Collectivity in Pb-Pb and p-Pb

ALICE

ALICE, PRL 107, 032301 (2011) C. Gale et al PRL 110, 012302 (2013)
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@ Is flow

ALICE

produced in pp collisions?
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CMS, JHEP 1009:091 (2010)
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Do we have an indication of collectivity?

* Ridge observed in high multiplicity pp
collisions at y/s = 7 TeV and 13 TeV

» Negative co{4} in high multiplicity pp
collisions at y/s = 13 TeV measured by CMS

and ATLAS

What does ALICE observe?

CMS, PLB 765 (2017) 193-200
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ATLAS, arXiv:1708.03559 [hep-ex] (2017)
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Three-subevent method
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ALICE

- ITS - VO
* trigger, tracking, vertexing e trigger

- TPC - ToF

* tracking, PID * PID

« Data samples:
e Pb-Pb at /sy = 2.76 TeV
* p-Pb at+/syy = 5.02 TeV
* minimum-bias and high-multiplicity trigger
* pp atys=13TeV

 minimum-bias and high-multiplicity trigger
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% 2-particle cumulant c {2}
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* All systems show decreasing dependence on
multiplicity

* Co{2} is clearly higher in pp collisions than in p-
Pb or Pb-Pb

* However, 2-particle correlations measurements
are affected by non-flow effects (e.g.
contributions from jets and resonances),
especially in small collision systems

Are there observables less sensitive to non-flow?
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% 4-particle cumulant c {4}

ALICE
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 2-particle correlations (including non-flow) are + 02 >_<1.°,_3 , , ] : e

subtracted from c,{4} o - ALICE Preliminary -

. . . . = 0.2 3.0 GeV/ -

* Negative c,{4} is considered to be a hint of 0 15: + n <<1p5< evie -

collectivity - ' -

o1l [~ Jpp\s=13TeV ]

« Clear negative sign of c,{4} in high multiplicity p-Pb E L] Ig':g S\BSN%;%&Z Tev E

and Pb-Pb collisions is observed oosk @ 50 Pb-Pb | 5, = 2.76 TeV -

: : : . - R o ¥ PRC 90, 054901 ]

* No evident negative signal of c,{4} in pp collisions - o N :

Or H0 + = a—’l’ 3] S -

Any possible flow signal is probably significantly - e o . -

smaller than non-flow effects in small systems. T
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How can we suppress such effects in the Nep(m_ < 1)

measurements?
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(D Looking for flow in small systems

ALICE

* How can we find the flow signal?
1. Enhance flow by increasing the transverse momentum threshold

2. Suppress non-flow by introducing |An| gap
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® Looking for flow in large systems
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 How can we find the flow signal?

1. Enhance flow by increasing the transverse momentum threshold

Vz{m}

Both flow and non-flow increase
the measurements vs. Ngx
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Enhancing “flow” in small systems ¢

ALICE
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 Measurements in p-Pb collisions exhibit * Co{4} in pp collisions increases with

similar behaviour as in Pb-Pb collisions: increasing minimum pr cut through the whole

multiplicity region
* C»{4} increases with increasing minimum pr cut
at low multiplicity * Opposite behaviour to p-Pb or Pb-Pb
measurements at similar multiplicities

e C»{4} seems to decrease with increasing
minimum pr cut at high multiplicity
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® Looking for flow in small systems

ALICE

* How can we find the flow signal?
1. Enhance flow by increasing the transverse momentum threshold

2. Suppress non-flow by introducing IAnl gap

jet » Particles from jets or resonance decays are strongly
correlated, therefore they contaminate the
measurements

* Angle between these particles is usually small

* Applying a |An| gap between sub-events suppresses
resonance correlations from particles with small opening angles
decay
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ALICE

% 2-particle cumulant ¢ {2, |Anl}
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e Co{2, |An| > 1.4} is significantly smaller than
co{2} in all collision systems

e Suppresses non-flow effects from short-
range correlations
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ALI-DER-129673

* Co{2, |An| > 1.4} in pp collisions shows weak
dependence on multiplicity, which is different
from PYTHIA
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® 4-particle cumulant c,{4, [Anl} ilffjf;i?
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% Future in multi-particle cumulants

4-particle cumulant with 3-subevent method
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e Measurements done with PYTHIA simulations

* Splitting the acceptance into 3 subevents further
suppresses non-flow

13

6-partic|e cumulant with 2-subevent method
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* Measurements done with PYTHIA simulations

* Results of c,{6} and c»{6, |An| > 0.0} are
compatible within statistical uncertainties
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ALICE

r aspects as in Pb-Pb -> enough
Further investigation needed. |

Coi.i.ec&ivi&vj ?
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® ldentification of particles

ALICE
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% |dentified

particle v, in p-Pb collisions

Niels Bohr Institutet

* Suppression of non-flow done by applying |An|
gap

* Non-flow subtraction method is not applied

» Mass ordering is observed for pr < 2.5 GeV/c
for all particles
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ALICE

Summary

We present an investigation of anisotropic collectivity in Pb-Pb, p-Pb and pp collisions

Clear signs of collectivity have been observed in high multiplicity p-Pb and Pb-Pb collisions
* Negative cy{4} measurements at high multiplicities

* Increasing the pr cut drives the c,{4} to more negative values, showing dominance of flow

ALICE has not measured a definitive flow-like signature in pp collisions using co{4}
* Increasing the pr cut drives the co{4} to more positive values, shown dominance of non-flow

* Further effort to suppress non-flow contributions using ¢,{4, IAnl} also did not reveal a definitive
negative sign

Evidence of anisotropic collectivity is not confirmed in pp collisions within the precision
of ALICE data

(Presented results are based on data collected in 2015. Analysis of full data sample is ongoing.)

* Mass ordering reported for pr < 2.5 GeV/c in p-Pb collisions (collectivity?)
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Thank you for your attention!




