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Outline

Study of Quark-Gluon Plasma initial conditions and evolution

s Integrated elliptic flow

s Flow harmonics from multi-particle cumulants
s Event plane correlations

s Correlations between flow harmonics

Pb+Pb

s Long range pseudorapidity correlations
More details were given in the earlier talk by Martin Spousta
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The ATLAS detector

Q Detector characteristics
Muon Detectors Electromagnetic Calorimeters — W:idth: 44m
- — Diameter: 22m
\o <¢ || | Weight: 7000t

End Cap Toroid

\ Solenoid \ CERN AC - ATLAS V1997
\ \ \. Forward Calorimeters
-\ \ /.-

i
o)
Barrel Toroid Inner Detector

Shielding

I Hadronic Calorimeters I

- >
44 m

Inner detector
In|<2.5

Calorimeter - .
In|<3.2

Forward
Calorimeter ® 31<nl<4.9 =
@ATLAS Krzysztof Wozniak, Soft probes of the quark-gluon plasma in ATLAS, PANIC 2014
EXPERIMENT



Centrality of PbPb collisions
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Distribution of the signals registered in the Forward Calorimeter (FCal)
is divided into bins with appropriate percentage of events .

Fraction of the sampled non-Coulomb inelastic cross section after all
trigger selection cuts is estimated to be 100% 2%
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Azimuthal correlations decomposition - definitions

Event plane method

W23,y m)cos(n(4,)

v, = (cos(n(b=2,)))

Two-particle correlations method

dN
d(d)a_(bb) ~ 1+2Zv pT’pT COS( ((I)a_(l)b))

v = (cos(n(Pp,—d,)))

n,n

for flow: v, ,(pr. py) = v,(p3)v,(p})

Cumulants from 2k-particle correlations

<00rrn{2k}> = <eXp(in(¢1+-~~+<|>k_¢k+1+-~+¢2k))>
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Integrated elliptic flow in Pb+Pb collisions

Integrated elliptic flow:
+ from reconstructed tracks with p.>p.™", extrapolated to p. =0

+ measured down-to very low p. (p,>0.07 GeV) [arXiv:1405.3936v2]
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Using pixel tracklets (vertex+2 hits) and pixel tracks ATLAS is reconstructing
low-p.. charged primary particles with sufficient efficiency to measure

integrated elliptic flow without model dependent corrections
ATLAS, arXiv:1405.3936v2
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Integrated elliptic flow in Pb+Pb collisions

Integrated elliptic flow:

+ from reconstructed tracks with p.>p,™", extrapolated to p. =0
+ measured down-to very low p_ (p,>0.07 GeV) [arXiv:1405.3936v2]

Using pixel tracklets (vertex+2 hits)
and pixel tracks ATLAS s
measuring low-p_ charged primary

particles with sufficient efficiency.

Integrated flow is ~20% smaller
that the flow calculated from tracks
with p.>0.5 GeV

ATLAS, arXiv:1405.3936v2
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Integrated elliptic flow in Pb+Pb collisions

Elliptic flow for different p_ cuts:
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ATLAS and CMS results with the same p_ cut agree very well

ATLAS, arXiv:1405.3936v2
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Integrated elliptic flow in Pb+Pb collisions

Integrated elliptic flow - after transformation to the rest frame of one of

colliding nuclei:
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LHC results consistent with the extended longitudinal scaling observed at RHIC

ATLAS, arXiv:1405.3936v2
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Flow harmonics with multi-particle cumulants in Pb+Pb collisions
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ATLAS, arXiv:1408.4342
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Cumulants method results:
v,{4}, v,{6} and v, {8} values of elliptic flow obtained from 4, 6 and 8-particle correlations,

in which effects from two-particle correlations are canceled, are significantly smaller
than v, from two-particle correlations or from event plane method 10
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Flow harmonics with multi-particle cumulants in Pb+Pb collisions
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Flow harmonics with multi-particle cumulants in Pb+Pb collisions

Weak pseudorapidity dependence of v, and v,
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Flow harmonics with multi-particle cumulants in Pb+Pb collisions
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Event plane correlations in Pb+Pb collisions

Correlation between event planes ¢_and &_

dN S,
events oC 1 + 2 V}{l mCOS k(cbn_q)m)
d(k(®,—®,)) le Y

Vi = (cos jk(®,~@,))

Event plane angles & reconstructed in separated pseudorapidity
intervals:

2 planes: (-4.8, -0.5) and (0.5, 4.8)

3 planes: (-2.7,-0.5), (0.5, 2.7) and (3.3, 4.8)

In the correlators combinations of angles ¢, to ¢,

are used. Two methods of calculations are deployed:
EP - event plane method

Correlators:

(cos4(d,—D,))
(cos8(P,—P,))
(cos12(d,—d,))
(cos6(D,—D,))
(cos6(P,— D))
(cos6(P,—D))
(cos12(d,—d,))
(cos10(P,—d))

(cos(29,+3P,—59,))
(cos4(—8P,+3P,+5d,))

SP - scalar product method - in which flow vector weights are (cos4(2®,+4P,—6D))
used (cos4(— 10<I>2—|—4<I>4—|—6<I>6)>
(cos4(2D,—6P,+4P,))
For comparison unweighted or weighted correlators obtained (cos4(—10D,+ 6D, +4®,))
from Glauber model are calculated. ? ’ )
14
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Event plane correlations in Pb+Pb collisions

Correlation between two event planes ¢ and &_
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Event plane correlations in Pb+Pb collisions

Correlation between two event planes ¢ and &_
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Glauber model does not describe these correlations

ATLAS, arXiv:1403.0489v1 [hep-ex]
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Event plane correlations in Pb+Pb collisions

Correlation between three event planes ¢ , & and &,
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Event plane correlations in Pb+Pb collisions

Comparlson W|th AMPT model predlctlons
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Correlations between flow harmonics in Pb+Pb collisions

Studies of correlations between v, and v_ (n=2-5), obtained from two-particle

correlations:
+ as a function of centrality
+ as a function of p..

+ as a function of event shape, characterized by q, - flow vector magnitude,
measured in 3.3 < |n| < 4.8 interval

g, = (qyzc,z,Qi,z) = L(Z Wicoszcl)i’zwicoszd)i) — (q,)
Zwi

\/Qi,z T Qi,z

2

2
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Correlations between flow harmonics in Pb+Pb collisions

Correlations between v, values for different p. ranges

L B B B B

> 0.2 aTLA8 7 . - ST I
[ Pb+Pb > " ATLAS Preliminary Centrality 0-70% i
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Correlations between flow harmonics in Pb+Pb collisions

Correlations between v, values for different p. ranges

When events in each centrality
bin are divided into subsamples
according to q, values, linear

correlations are observed.
For fixed centrality the viscous-

damping changes very little
with event ellipticity.
Viscous corrections are

controlled by the overall system
size.

ATLAS-CONF-2014-022
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Correlations between flow harmonics in Pb+Pb collisions

Centrality dependence of correlations between v, and v_(n=3-5)
measured in the same range of p.

S T D L
— - P | ATLAS Prelim. Centrality 0-60%
- _ATLA_S Preliminary (C)Dzntrallty (;-éoC’(; i >¢0.03?ATLAS Preliminary Centrality 0-65%  — 0.01- VSNN=2'76 TeV 0.5<pT<2GeV h
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Similar dependence also at higher p_ Vs
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Correlations between flow harmonics in Pb+Pb collisions

Centrality and q, dependence of correlations betweenv,and v, orv,
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Correlations between flow harmonics in Pb+Pb collisions

Centrality and q, dependence of correlations betweenv,and v, orv,
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i —— Linear Fit [ 0'025._ —— Fit V4=\jlc(2)+(c1\,§)2 ]
004-_ — Glauber 004 : —— Glauber 4 L
- 0.02F - MC-KLN ] 0.02f
0.03 0.03 0.015f . 0.01f
005 01 015 02 0 005 01 015 0 005 01 015
V, Vo v,
0 . \/ 2 ( 2 )2
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Parameters of the fit can be used
to extract linear and non-linear
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Correlations between flow harmonics in Pb+Pb collisions

Linear and non-linear terms in v,

ATLAS Preliminary
\Sy=2.76 TeV

Line =7 Hb1

—® Inclusive
: Z ,
| —O- Linear 42 EP Linear
: N ,
~ —B non-Linear % EP non-Linear

fit: \/co

Parameters of the fit can be used

SA

to extract linear and non-linear
components of v,

L
Vy Co
NL

[2 2
Vy = V4G

The same components can be
calculated using the correlations
between event planes

viVL = v,(cos4(d,—P,))
vi = W= ()’
ATLAS-CONF-2014-022
ATLAS
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Correlations between flow harmonics in Pb+Pb collisions

Centrality and q, dependence of correlations between v, and v,
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Long-range pseudorapidity correlations in p+Pb collisions

To study long-range effects the yield from peripheral events needs to be
subtracted:

NE° > 220
NE® > 220

= I I I I L L N L L DL
B o JL JL i
0.15_ 02. o ° ¢ 10 11
] ] [ g* e ® 11
Flow harmonics obtained | ¢ . 1t 1t ]
from correlation function It oo It ; ?
. . i {1 20 I
without subtraction ooty .. % ¥ & o * + 1t Oi ]
(v _unsub) and after T ] f ' [ %41
" . oL 1<Pi<sGeV2<pn<s (€ 0 1 LY S "I
SUbtraCtlon (Vn) ATLAS Preliminary | [ .
i _e_vgnsub VSNN:5 02 TeV _e_vgnsub —e-VanUb
More details were given in the ‘0'050-' o I “zspjz; L 0 D L 2 1% .'-0-' RN L ]
earlier talk by Martin Spousta p? [GeV] p* [GeV] p® [GeV]
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Long-range pseudorapidity correlations in p+Pb collisions

Comparison of v_(p,) in p+Pb and Pb+Pb collisions
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i ] 015 O e e o El3 E
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F Og® 1F o 1
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oy : [GeV] [GeV]
 modification of the absolute magnitude - 1T
- >m o1 F® p+Pb220<Ny’ <260 1L —EI— Pb+Pb Centrallty 55-60% v3(p /1 25)
of v, and v, by a common empirical - coa @ O ForP Cenallysseo 4 i
L 1L d]l]
factor 0.66 oosf. S °° % I 4 °* -
T 1r & _
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0__ """ P T PR P A R |_- __. """" PR T | SRR N .'_-
earlier talk by Martin Spousta 0 5 ol (13 0 y 0 5 o (13 o y
ATLAS-CONF-2014-021 -8

@APE%/'AEF Krzysztof Wozniak, Soft probes of the quark-gluon plasma in ATLAS, PANIC 2014 iﬁc‘
/



Summary

Integrated elliptic flow
~measurement of elliptic flow down-to very low p_ (p, > 0.07 GeV)

~ no need for model dependent extrapolations to p_=0

Flow harmonics from multi-particle cumulants
> higher order cumulants insensitive to two-particle correlations
harmonics obtained from cumulants better represent real flow
confirmed significant non-flow contribution in v_from two-particle correlations
v,{2} > v, {EP} > v {4} ~ v {6} ~ v,{8]
strong centrality dependence of v, and a weak dependence of v_for n>2

v

v

v

\%

Event plane correlations
- correlations between 2 or 3 event planes studied
> Glauber model inconsistent with the data, AMPT model including final state collective dynamics describes these
correlations well

Correlations between flow harmonics
> presence of viscous-damping effects expected from hydrodynamic calculations
- negative correlation between v, and v, for changing ellipticity within fixed centrality

- positive, non linear correlation between v, and v4 for changing g, within fixed centrality

Long range pseudorapidity correlations
~significant correlations extending to [Anl ~ 5 present also in the away-side
- extracted v (p;) (n=2-4) in p+Pb collisions similar to those in Pb+Pb collisions after appropriate rescaling
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The ATLAS detector

2 Detector characteristics
Muon Detectors Electromagnetic Calorimeters - Width: 44m
- — Diameter: 22m
Pk \\ < | Weight: 7000t
oy L R
/ L Solenoid \\ CERN AC - ATLAS V1997
oA \ O\ \ -.H‘\, I Forward Caiorimetersl
o \ End Cap Toroid
[— 7
W

22 m

e — ]

e T

I Hadronic Calorimeters I Shielding .

Barrel Toroid Inner Detector

< >
44 m 3l
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The ATLAS detector

Hadronic Tile LAr FCAL
0.2x0.1 HAD

0.1x0.1 % 0.2x0.2

0.1x0.1

o o
g Inner Detector g
| I | ] | | I | I I | I | I [ I | I
9 8 -7 6 5 -4 -3 2 14 0 1 2 3 4 5 6 7 8 9
Inner detector - . track reconstruction
In|<2.5
Calorimeter - m<3.2 s jet reconstruction
n|<9.

Forward Calorimeter <% 35 1. 49 < centrality determination

Muon spectrometer - [ muon reconstruction
In|<2.7
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Integrated elliptic flow in Pb+Pb collisions

Integrated elliptic flow - n dependence:
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