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® Correlations of v, harmonics: with event mean-prin Pb+Pb and p+Pb collisions
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® Fow measurements in Pb+Pb with multi particle cumulants

arXiv:1904.04808
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® Measurements mostly based on the Inner Detector tracker (ID)
In|<2.5 - 5 rapidity units



A@ Mean prt correlation with flow _—

EXPERIMENT

narmonics in Pob+Pb and p+PDb

® Relate initial state quantity (event mean
harmonics)

® Known that the correlation exists (ALIC

[ oT]) with evolution towards the final state (flow

- Collab. Phys. Rev. C 93, 034916)

® Pearson correlation coefficient distorted by the limited event multiplicity

® A modified correlator proposed R cov(v,,{2}%, [pt])
(P. Bozek Phys. Rev. C93 (2016) 044908) \/Var(vn{2}2)\/Var([pT])
® Replaces variances by dynamic counterparts Vargyn, Ck '+
; 2 ;
® Reproduces true R even with limited event multiplicity 0 = OV(Vn{z} ’
— detector independent measurement \/Var(vn{z}z)dyn /Ck
* |s the correlation present & positive or negative?
Is it strong? Is it the same for all harmonics? Var(vn{2}2) = (corr{4}) — (corr{2})?

Is it the same in Pb+Pb an p+Pb?
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@s The P In p+Pb In comparison to Pb+Pb
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The p for v2 is negative in high multiplicity p+Pb
collisions

The pr fluctuations (ck) are of similar magnitude on

0+Pb and peripheral Pb+Pb when matched Nch Favours small dimensions of the initial state

-> higher pressure ([pT]), low eccentricity (v2)

he difference in the p values driven by the flow
No geometry driven trend observed in p+Pb

compared to a strong effect in Pb+Pb



! Flow measurements in Pb+Pb
collisions with multi particle cumulants

arXiv:1904.04808

® [he cumulants methodology can be used to extract the flow
harmonics, and correlations between themnr

® Result checked with sub-event method to exclude non-flow

b a C

® Can answer number of questions about vn . .
=
e |s it driven by the initial stage geometry only? ) oo

n

(’()_\"O‘ O O (,‘). ’

e Are v, fluctuations an initial state effect or final
state effect? 3-subevent method

* Is the dipolar flow (v1) visible in multi particle
correlations?

® + other questions: Does the “centrality definition™ affect
measured? Are different modes correlated?
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% The shape of PDF(vn)
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® Sub-event cumulants to eliminate short-range correlations —> same conclusion

® [he vi{4} is most pronounced in the peripheral events and only exits for higher pr
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Flow 1IN Xe+Xe collisions

EXPERIMENT

® (Goal is to measure the flow in Xe+Xe collisions in comparison to
Po+Pb

-, ATLAS 'Preliminary
Sy\=9-44 TeV
Xe+Xe

® Centrality dependence
® Scaling via higher order correlations

® Measurements performed in bins of
centrality (0-80%) quantified by Er in FCal 3.2<|n|<4.9

dNevents/d ET [Tev_ 1]

® Mapped to Npart Via Glauber modeling

® |s the measurement sensitive enough to see geometry

3
change (oblate Xe shape)? FCal E; [TeV]

How do harmonics scale with centrality (geometry)
or Npart(Size)?

12



A@ Centra”ty dependence g ~ ATLASPrelminary IO.5I<p$<I5GéVE
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® Vv, is higher in most central events for Xe+Xe collisions . :

® Elongated Xe shape
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® Smaller Npart = larger fluctuations

o Theory, Giacalone et al -

® Reduced value in mid central and peripheral
— surface effect = smaller initial eccentricities
— VISCOUS corrections

—
N
| | |

Xe+Xe/Pb+Pb v,{2PC} ratio

® A similar behaviour seen for vs and vgtor different pr

® (Consistent with predictions! Centrality [%]

Giacalone et al.
i3 Phys. Rev. C 97, 034904 (2018)
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A@ Npart dependence - tluctuations scaling

EXPERIMENT
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TLAS

EXPERIMENT

Conclusions

® ATLAS Measured correlations of flow with event mean-prin Pb+Pb and p+Pb

® Significant values for all harmonics in mid central Pb+Pb

® [or peripheral Pb+Pb collisions and p+Pb the vo-mean-pr correlation negative

® Using cumulants shed light on the initial and final state effects Iin observed viin
Pb+Pb collisions at 5.02 TeV

® ow fluctuations, di-polar tlow, shape of vi

® Performed a comprehensive study of flow in Xe+Xe collisions at 5.44 TeV and

compared to

P+

Pph at 5.02 eV

® [he observed vn are mostly compatible with that in Pb+Pb - slight deviations well
poredicted by theory

® Scaling of vo and higher higher tlow harmonics indicate a different origin of them
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ATLAS Backup for va-pr
correlations measurement



atas Mleasurement detaills n
| |

-2.5 -0.75  -0.5 0.5 0.75 2.5

|
Z wp(PT jp — <[PT]>)>
pWh 4

1 no,—1n
cov(va(2)%, [p1]) = ( SR D wawee™ P
a,c =2a="C g ¢

® Distinct sets of particles for [pr] and v,{2}2

2

® Rapidity gaps to suppress non-flow prl = S W Z WoPTh
® Analysis in narrow bins of multiplicity in A+C regions
(unconstrained in B) k= <(Z W )2 Z Z
b b b#b’
® Mapped to charged particle multiplicity Nen and number Wa(ptp, — <[PT]>)wb’(PT,b' = <[pT]>)>
of participants Npart ¢« - STAR Collaboration Phys. Rev. C72 (2005) 044902

® Several printervals to test hydrodynamics region, energy
loss region & sensitivity to multiplicity change var(y)ayn = {corr{4}y — (corr{2})*
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@ INntermeaiate results:

EXPERIMENT

® Covariances

® [at dependence — very different Neh
dependence compared to vo

® \ery different magnitudes

® Dynamical variance
® a similar Nep dep. as vo

® Cx quantifies magnitude of pr fluctuations
® p7 interval ordering yet different than for cov and dyn. var

22
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INntermediate results:

V4

® Covariances and dynamical variar
behaviour to vo except much smal

® [ ow N:, NoOt accessible

ces similar
er magnitude

® Cx quantifies magnitude of pr fluctuations

® pr interval ordering yet different than for cov and ayn.
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