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Collisions of nuclei - creation of Quark-Gluon Plasma

Large energy released in collisions of nuclei leads to creation of strongly
interacting dense matter -

Collective phenomena - particle flow
+ Area of the overlap of nuclei has an elongated
shape
+ In this region Quark-Gluon Plasma is created
+ QGP expands and its components, quark and
gluons, behave collectively
* More particles are produced in the event plane ¥
this talk and the talk by Adam Trzupek

Strong interactions of partons in QGP
+ Partons created in a hard scattering travel through
QGP
* Interactions with the dense matter causes that
even the most energetic partons loose energy and
may be stopped inside QGP area
see the talk by Helena Santos
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Flow harmonics in Pb+Pb collisions at 5.02 TeV Pb+Pb
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Flow in Xe+Xe collisions Xe+Xe
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Flow in Xe+Xe collisions Xe+Xe
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Flow in Xe+Xe collisions Xe+Xe
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Flow in Xe+Xe collisions

Scaling of flow harmonics

n/2
v,lv,
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+ scaling by v,

*

+ scaling by v,

+ constant as a function of p_ K
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+ similar values of v _/(v,)"* for
different v_
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Eéo
>Q

ATLAS, Phys. Rev. C 101 (2020) 024906

@ AWL A@ Krzysztof Wozniak, Recent ATLAS measurements of correlations in Pb+Pb and Xe+Xe collisions, ICHEP 2020

EXPERIMENT

20

10

10

Xe+Xe
i 0-5% 7 [ 5-10 % | ATLAS
i I Xe+Xe \syy = 5.44 TeV, 3ub™
;,,,, 113 ‘,,‘,, , A ‘ ml<2.5 O vyl v$?
__ o | ar = - N Av, /v4/2
D=
—[? e e o |PERAARA A A v/ Vg
b iF €0 B0 - 8- 0 L5 & 66 80 - 5- 3 0. O +
_‘ o ve!l vI?
[ 0-5 % 1 5-10 % [ ATLAS
i i Xe+Xe {5y, = 5.44 TeV, 3 ub™
- ml<2.5
- 4 1 s 1 A vyl vgB
:ﬁ ...... . 1Es A A ] vgl VB
N ar 7 Vel VS
10-20 % 1F 20-30 % 1F, 30-40 % ]
{x o & A kR feoy ar 5 9% A 1 2= ]
[ 40-50 % 1l 50-60 % T I e070% 4
[ : ‘
N ] 4 w®h! )\
'L: ‘_ 7y L\ : Lr -A- el =y = Gre —'-HAP- e xA . il el
1 1 | il " N il
1 10 1 10 1 10
P, [GeV] P, [GeV] [GeV]




§A

Flow in Xe+Xe collisions

Scaling of flow harmonics
/2
+ scaling by v, Vn/<V2)n
+ scaling by v, Vn/(v3)n/3

+ constant as a function of p.
+ scaling by v, gives almost the same value for all higher harmonics
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Longitudinal flow decorrelations

Measurement of flow harmonics fluctuations as a function of pseduprapidity
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Vs

®,

Change of Change of
flow event plane
magnitude (twist)
n n

Correlators using flow vectors calculated in different n intervals
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Longitudinal flow decorrelations in Pb+Pb collisions Pb+Pb

Correlator r
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Longitudinal flow decorrelations in Pb+Pb collisions Pb+Pb

Correlator R

+ flow decorrelations are
approximately linear in

+ elliptic decorrelation R,
depends on centrality - it
deviates from 1 more in
central and peripheral
collisions than in semi-
central collisions

+ higher order correlator, R3|3;2=
deviates from 1 even more
but in a similar way for
different centralities

+ no difference for two

collision energies

ATLAS, Eur. Phys. J. C 76 (2018) 142
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Longitudinal flow decorrelations Xe+Xe

Similar trends in Xe+Xe collisions:
+ flow decorrelations are approximately linear in n
* 1,,, depends on centrality - it is larger in central and peripheral collisions
than in semi-central collisions

+ decrease of higher order correlators, r,.. and r are larger then for r
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Longitudinal flow decorrelations in Pb+Pb collisions

+ flow decorrelations are
approximately linear in

rnln;k= 1 - 2ka n
Rn|n;k =1-2 Fﬁ;k Tl

+ decorrelation “strength”
parameters:

Z,- (1 - rn|n(ni))ni

Fr = 2D, n;
Ff _ Z (1 - Rn|n(n))ni

22,.11.-

+ F', and F®, strongly depend
on centrality (here N__ )

ATLAS, Eur. Phys. J. C 76 (2018) 142
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Longitudinal flow decorrelations in Xe+Xe collisions

+ decorrelation “strength”
parameter:

F = Zi(l — rn|n(1”li))ﬂi
" 2.

+ F, larger in Xe+Xe collisions

than in Pb+Pb collisions
+ F, smaller in Xe+Xe collisions

than in Pb+Pb collisions

ATLAS, arxiv:2001.04201
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Longitudinal flow decorrelations in Pb+Pb collisions Pb+Pb

+ decorrelation “strength”
parameters:

5\ N -~ 7 Tt ' [
Z (1 _ (n))n (ULLC E ATLAS EIFtWI IIlF’[WI E
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L
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*» connection with twist and : ®2 000 0 o ¢ ]
asymmetry fluctuations: - :
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+ similar size of these two
types of decorrelations
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Fluctuations of anizotropic flow in Pb+Pb collisions Pb+Pb

+ study of event-by-event fluctuations of
harmonics, p(v_) and p(v_,v_), using

multiparticle cumulants calculated for G [ swndadmetros | @[ Thecsuweventmetiod |

different centralities and p. ranges Sfm_ sgf;:&oewv,@uj‘kp s §'0_04_ PosPD 52 Te, 470 1
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+ negative asymmetric cumulant o e
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between R v R
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additional v fluctuations

ATLAS, JHEP 01 (2020) 51. 6
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Flow of charm and bottom hadrons Pb+Pb
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Flow of charm and bottom hadrons Pb+Pb
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Flow of charm and bottom hadrons Pb+Pb
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models, differences may shred the light
on details of QGP expansion and the
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Summary

Correlation studies in Pb+Pb and Xe+Xe collisions:

> detailed analysis of azimuthal correlations in Pb+Pb and Xe+Xe
collisions,

> scaling of v_/ (v, )"* ratio,

> fluctuations of harmonics as a function of pseudorapididty
(longitudinal decorrelations),

> analysis of event-by-event fluctuations with multiparticle cumulants,

> flow of charm and bottom hadrons.

Deeper insight into properties and expansion of QGP and the
effects of fluctuations of initial conditions in the collisions
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Backup

Backup
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- [p,] correlations Pb+Pb
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(P. Bozek, Phys. Rev. C93 (2016) 044908)
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Suppresion of contributions from non-flow effects

Flow estimation methods

¥ event plane v, = (cos(n(p—>,)))

¥ two-particle correlations Von — <C05(n<(|>a_¢b))>

¥ scalar product

Vo — Re(<quQf*>/\/<ijQS*>), q,,Q, = (U/Z,w)Z,we"

Multi-particle correlations <<{2k}n>> — <<ein(¢l+m¢k_¢k+l_m_¢2k)>> — <Vik>
({4}, ) = ((eMnmortemedyy = (vive)
e, {4} = (({4},)) — 2({2}))°

. sc,mt4} = ({4}, — ({2})) ({2},))
¥ symmetric cumulants
+ asymmetric ac,{3} = (({3},)) = ((e (nuend.2ne) )y

+ standard cumulants

Subevent methods - particles selected from different regions in pseudorapidity

¥ two-subevents fla,,',lzc{4} = (({4}m) 2apze — K230 ap K230 app
¥ three-subevents c b|20{4} = ({4}, m))a, b|2¢ <<{2}n>>a|c S8 2}m>>blc
¥+ four-subevents ab|Cd{4} = (({4}om))a blc.d <<{2}n>>a|c <<{2}m>>b|d

Many different methods tested in order to obtain "real" flow

24
, AFL A@ Krzysztof Wozniak, Recent ATLAS measurements of correlations in Pb+Pb and Xe+Xe collisions, ICHEP 2020 iﬁ
EXPERIMENT 'y



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24

