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Recent ATLAS results to be reviewed in this talk

@ Measurement of multi-particle azimuthal correlations in pp, p+Pb and low-multiplicity
Pb+Pb collisions with the ATLAS detector. Eur. Phys. J. C (2018) 77:428

@ Measurement of long-range multiparticle azimuthal correlations with the subevent
cumulant method in pp and p+Pb collisions with the ATLAS detector at the LHC.
Phys. Rev. C 97, 024904 (2018)

@ Correlated long-range mixed-harmonic fluctuations in pp, p+Pb and low-multiplicity
Pb-+Pb collisions with the ATLAS detector. ATLAS-CONF-2018-012

@ Measurement of long-range azimuthal correlations in Z-boson tagged pp collisions at
/s =8 TeV. ATLAS-CONF-2017-068

@ D meson production and long-range azimuthal correlations in 8.16 TeV p+Pb
collisions with ATLAS. ATLAS-CONF-2017-073

@ Measurement of longitudinal flow decorrelations in Pb4-Pb collisions at /syn = 2.76
and 5.02 TeV with the ATLAS detector. Eur. Phys. J. C (2018) 78:142

@ Measurement of the v, — mean pr correlations in Pb+Pb collisions at \/ﬁ =5.02
TeV with the ATLAS detector. ATLAS-CONF-2018-008

@ Measurement of azimuthal anisotropy of charged particle production in Xe+Xe
collisions at \/sxy = 5.44 TeV with the ATLAS detector. ATLAS-CONF-2018-011

@ More details and results from the heavy ion physics program realized by ATLAS are
available in https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults
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https://dx.doi.org/10.1140/epjc/s10052-017-4988-1
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.024904
https://cds.cern.ch/record/2317304
http://cdsweb.cern.ch/record/2285806
http://cdsweb.cern.ch/record/2285811
https://doi.org/10.1140/epjc/s10052-018-5605-7
https://cds.cern.ch/record/2318589
http://cdsweb.cern.ch/record/2318870
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults

Introduction

> Immadiately after an A+A collision, the overlap region defined by the nuclear
geometry is almond shaped, with shortest axis along the impact parameter vector.

> Multiple interactions between particles in the evolving system change the initial
coordinate space asymmetry into final momentum space asymmetry.
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Two-particle correlations and the template fitting method

. . . ATLAS p+Pb 0.5<p>’<5 GeV
> Two-particle correlation function (and focus on LRC): {9502 TeV, 28 b NE=s220

Cln, b9 = SBLAY. L2 540)
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e S and B are pair distributions constructed from the 0-984 \}}\\\\\\\\\\ \‘\“\\\\\\\\\\\
same and from “mixed events” (similar N}:° and z,.x). \‘\\\\\ \\\\\\“‘\ “
e Ratio S/B removes correlations due to detector effects. % &
> Per-trigger-particle yield - the average number of asso- 3 seETT ‘M::MQSGEV ‘ 3
ciated particles per trigger particle in a given A¢ range: P TG E
1 1 37/2 : ; ° :(vd‘f)“mm G B!
— F Yo mm
v(as) = < / . B(A¢)dA¢> c(a9) oYy

> Template fitting procedure is applied to separate ridge
from other sources of angular correlations (e.g. dijets):

2 51An4 ‘ ‘ 05p2<5 GeV. ‘ 3
= E pp {s=13 TeV, 64 nb™! 24”(5 E
templ periph 3 4E N0 -~~~ n=3 component 3
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where Y?°"P*(Ag) is obtained from low-multiplicity events. §:

. N . . RN R
> Importance of higher order harmonics is also visualized.

PRC 96, 024908 (2017 0
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Cumulants with the standard method

> The standard cumulant method is based on the k-particle azimuthal correlations, ({k}):
({2ha) = (€019} | ((3},) = (M@1H027299)) g}y (in(or1=02)tim(s=0n))
> The 2- and 4-particle cumulants are than defined as:
{2} = ({2}n))  en{4} = ({43a) —2({2}a)" where ({4}n) = ({4}n.n)
> The multi-particle symmetric and asymmetric cumulants are obtained from ({k}) as:
acn{3} = ({3}a)),  scam{4} = ({4}n.m) — ({2}n) ({2} m)

> In the absence of non-flow correlations, ¢,{2}, cn{4}, ac,{3} and sc,,m{4} read:

a2 =i, {4} = —vi,  scam{d} = (vivi,) — (VAN (VZ.)

m

ac, {3} = (vZva, cos 2n(®,, — P2y,))
> Normalized cumulants:

nsenmid) = —sonn i) {avm)
n,m{4} vn{2}2vm{2}? <V%><V72n> 1
nacn, {3} = acn{3} _ (Viva, cos 2n (P, — P2y))

V{22 /van {212 V3 (v2,)

where the v, {2}? = (v2) are flow harmonics obtained using a 2-particle correlation
method based on the template fitting method.
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Cumulants with the subevent method (SE)

To suppress the non-flow correlations, that usually involve few particles within a localized
region in n, the tracks are divided into several subevents, each covering a unique 7 range.
Multi-particle correlations are constructed by correlating tracks from different subevents.

» Two subevents (2SE) - removes intra-jet correlations a _
({2 dapy = (1 99) s} = (b mdzatz = ({2 Daip ({2 e
({3}n)aap = (@820 ) acy" {3} = ({3}nhain 22} = ({2hn)ars
({4 m)aafan = (M OEAHmES0D) () = ({4} autan — 22D
+ Three subevents (3SE) - removes inter-jet correlations | @ L@ b
(Bhdaste = (m@THA25) sty = (Whmasize = ((2nDatel{ZhmDute
(@ nm)asiae = (e @EDTmEA0D) i3} = ({3} e

P4} = ([N wsrze — ({22

> Four subevents (4SE) - removes partly inter-jet correlations also in case of jets
belonging to two adjacent subevents

in(b? —bS)tim (bl —pd —2.5 2.5
{4}nm)a, b\cd:<e (¢1 —5)+im(dy ¢4>> n

se2OU Y = (D asied — ({2} acl2mdua - @ HCEE b NN
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co{4} cumulant and v in pp and p+Pb with SE method

e
> The c2{4} values in pp collisions and in p+Pb R ATLAS ] sonaas menos '
. rl pp 13 Tev [[E] 2-subevent method 1
collisions for (Nc,) < 100 are smallest for the 3SE W 0spb’ [ ssubesemavos ]
method and largest for the standard method. b . 03<p3GeV ]
S % + N for 0.3<p <3 Gev |
> In the p+Pb collisions the c2{4} are consistent for E ! L b ° e .
all three methods for (Nc,) > 100 sugesting that FT TR b
. .. Eremmmmeee Tt R ]
non-flow effects in p+Pb colisions are much smaller o R 7 ‘ e
% o o oo
than those in pp collisions at comparable (Nep). o,C
x10°
. . . %; T8 standerd method _
» The 3SE method gives negative c2{4} values in 1y Noneozrev [ ommemmemos |
most of the measured (Ng,) range. - ore ‘Ilzb%”v"” 1
[ S
> The v2{4} values obtained from the 3SE method o t o ee
¢
are smaller than v2{2} extracted from 2PC, s % . ]
possibly due to EbyE flow fluctuations associated Lo %Hw; ,,,,, — i
with the initial state (PRL 112, 082301 (2014)). % %
m
PRC 97, 024904 (2018) < x10° . .
= T T T T T T T T T 5 o ATLAS [[51] standard method ]
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T T T r 0.3<p <3 GeV/ 1
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Symmetric cumulant

> Measured in two pr intervals: (9 L

T T T
—e—Standard method _| e Standard method

G, 5{4}
«
T

0.3 < pr <3 GeVand 0.5 < pr <5 GeV. B o oot e
—&— Four-subevent method { 0-01 o Foursubevent method |
> In pp and at low values of (Nen) in p+Pb

the sca,3{4} obtained from the standard | jue =3 Py e
method are positive and significantly : e
differ from SE. ATLAS Preliminary ] 0.01- iﬂ ATLAS Preliminary

0.3<p <3 GeV pp 13 TeV,09pb"
/

omi e

sk ‘ ) .5<p“<5 GeV ppt‘STeV 0.9 pb “
. . 50 100 150 50 100 150
> Non-flow is largely suppressed in SE; some _ . ‘ ‘ ant ‘ ‘
residual non-flow in pp at low (Nen) in2SE. ¢ [ * D emanea 14T S Tvosisormatod ]
—&- Three-subevent method—| [} -8~ Three-subevent method
. T Roamovemmonas | | I Roamoven oo ]
> For the pr region of 0.5 < pr < 5 GeV 2
results from 2SE are systematically lower " *
than the 3SE/4SE, suggesting that the %#“5 ek ¢ : ; . M]é@ﬁﬂ LRI IR B
2SE method my be affected by negative T ATLAS Proiminay ] ATLAS Preiminary
R . 0.3<p <3 GeV p+Pb5.02TeV, 28 nb” 4 éﬁ¢05<py<5 GeV p+Pb 5.02 TeV, 28 b |
non-flow contribution (recently observed S A S
in PYTHIA, PLB777 (2018) 201). 5 2 e .—
I —e— Standard method 5 —e— Standard method —
. . . g &~ Two-subevent method i ‘Two-subevent m:‘I:ud
> Anticorrelation between v2 and vs in SE. i3 - Tvee subovent methoc e Fowibovam mahon
> |In case of Pb+Pb collisions the measured $
sca,3{4} is consistent among all four ISR 1, ] ' 204
methods across most of the (N, ) range LI WLLE
ch ge. 2r ATLAS Preliminary ] ATLAS Proliminary
0. 3<p7<3 GeV Pb+Pb2.76 TeV, 7ub” 0. 5<Dr<5 GeV Pb+Pb 2.76 TeV, 7ub”
> 3SE method seems to be good enough for B e L R R )
N, Ny
non-flow removal. ATLAS-CONF-2018-012 ¢
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Symmetric cumulant

H H x10° x10°
> Measured in two pr intervals: = apsansmewass IV RaRRS IaSeRneLL
5 —&— Two-sube it method —&- Two-sube it method
0.3 <pr <3GeVand 0.5 <pr <5 GeV. % o Tres supovent methor 2 Tresubevent mthod
—4— Four-subevent method —— Four-subevent method

> In pp and in p+Pb the scy 4{4} obtained 5 ' oo 4

from the standard method are positive .. ..
. . . é L
and significantly differ from SE methods. 8.8 g @ R
ATLAS Preliminary ATLAS Preliminary
> Non-flow is largely suppressed in SE; some “‘:g”ev ""“jo““’""b‘éo ”E‘SG‘*V "”“50”"“"“‘5‘0
residual non-flow in pp at low (Ngy,) in 2SE. 8 : : 0 : :
et —e— Standard method —e— Standard method
» Positive correlation between Vo and Va4 is & o et manes | et e
i —+— Four-subevent method 10+ & Four-subevent method —
observed in all methods due to non-linear i
22 2 1
effect V4 = var + X V3. i " i *. ]
Te o , * e . ®
.. 5 @ 7 g @ $ % Q -]
> In case of Pb+Pb collisions the measured (878002 bgagons
R . ? ATLAS Preliminary ATLAS Preliminary
SCo 4{4} IS consistent among all SE 0.3<p,<3 GeV p+Pb5.02 TeV, 28 b’ 0.5<p,<5 GeV p+Pb5.02TeV, 28 b
! . . 700 200 300 700 200 o —
methods while the standard method gives . o ot I
. T
values systematically larger. - e 0 s |
@ 5 Three-subevent method 5 Three-subevent method
o Fourssbevent et 3 Foursthovar mathod
> 3SE method seems to be good enough for | crsmenmenes ] orsemnene
H gLl e s " 588
non-flow removal. o, ; g8° % HEE 8
]
ITULL :
¥ ATLAS Preliminary ATLAS Preliminary
D3<p <3 Ge\/ Pb»Pnz 76 TeV, 7ub’ 0.5<p <5 GeV Pb+Pb 2.76 TeV, 7ub”
40‘0 1(‘10 2!‘)0 3("10 460
Ny Ny

ATLAS-CONF-2018-012
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Asymmetric cumulant

> Measured in two pr intervals: B AR S .
“Ju —e— Standard method B —8— Standard method
03<pr<3 GeV and 0.5 < pr <5 GeV. °© o~ Two-subovent method o~ Two-subevent method
0_24? . -5~ Three-subevent method-| ¢ 5~ Three-subevent method
> The ac2{3} are positive for all methods. o -, T .. ]
o ® * . i o * e
> The standard method gives much larger Ve s - fuue . .
8 g g @ 5288 88 g
results then the SE methods = standard e °
reliminary ATLAS Preliminary
method is dominated by non-flow effects. Oapis G P TV 09 | AR
50 100 150 200 50 100 150 200
> The ac2{3} from the 3SE method in pp &% G ot ——
collisions show some increase at low (Ne,),  “orst Dot B & Tuo subevnt metod
. ~&- Three-subevent method ¢ 4 ~E- Three-subevent method_|
but are nearly constant at large (Nen). N ] .
This suggest that 3SE method contains . Zo . ;;;;;;;; sloge Teen.l. ]
some non-flow contribution at (N,) < 40 wes® Saaas cooosoos 8
which is negligible at larger (Nen). ATLAS Py ATLAS Priivay
0.3<p <3 GeV p+Pb5.02TeV, 28 nb" 0.5<p <5 GeV p+Pb5.02 TeV, 28 b’
. . | | I | | |
> In SE methods in both p+Pb and Pb+Pb 1103 0000 0TS
. . . &0 =
collisions the influence of non-flow effects % L Sandamtrod T Senders et
. © —&— Two-subevent method ~&- Two-subevent method
is very small for (Ne,) > 60. The aca{3} 0al & T subovent e ] TR —-—
. ,. -
from SE increase with (Ncy) reflecting : LeszazieiEd 10 .
T . JERPTILEL
the (Necn) dependence of the vo and va. ‘“’g'.--;gnEg 10 ...;;;gaanﬁaaaa
. b
. ge® sge®
> Difference between standard and SE S— S—
methods at |arge <Nch> COUId be due tO 0‘.3<pr<3GTaV Pb+Pt‘;27ETeV‘ 7ub u‘,5<py<5sfv FboPI‘>2.76Te\/“7ub‘
100 200 300 400 100 200 300 400

flow decorelation (EPJC 78 (2018) 142). o oy

of of
ATLAS-CONF-2018-012
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System size dependence

> Use 3SE method as it is sufficient to suppress most of the non-flow effects.

> The results for sca 3{4}, sc2,4{4} and ac2{3} support in small collision systems, an
anti-correlation between v and vs and a positive correlation between va and vy, the
pattern abserved previously in large collision systems.

> In the multiplicity range covered by the pp collisions, (Nen) < 150, the sc2,3{4} and
sc2,4{4} are similar among the three systems.

> For (Nen) > 150, sc2,3{4} and sc2 4{4} are larger in Pb+Pb than in p+Pb collisions.

> The results for ac2{3} are similar among the three systems at (Ne,) < 100, but they
deviate from each other at higher (Ncn): pp data are approximately constant, while
p+Pb and Pb+Pb data show significant increases as a function of (Nen).

6 -6 3
o ol - N
vﬁ *) v: ATLAS Preliminary :,T“ ATLAS Preliminary
g L g ©
e L ‘#F? OO © o @ o pp 13 TeV 0ol ePR1aTOV ]
L + 2 -©-p+Pb 5.02 TeV - ©-p+Pb 5.02 TeV
-1 * -1 -5 Pb+Pb 2.76 TeV & Pb+Pb 2.76 TeV unﬂn o
[ lﬁl B gm o0 oo
F =}
[ " b . h oo ] 0.1 =" -
[ o oo
o . % o o ¢ 900000 %o o
3 & - oee
[ ATLAS Preliminary ~®=pp 13 TeV
[ 0.34p <3 Gov & p+Pb 5.02 TeV o RS - o DRI -
| Three-subevent method &~ Pb+Pb2.76 TeV Three-subevent method Three-subevem method
R | | | | | | | | | | |
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
ATLAS-CONF-2018-012 (N, (N, (N
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System size dependence

> Use 3SE method as it is sufficient to suppress most of the non-flow effects.

> The results for sca 3{4}, sc2,4{4} and ac2{3} support in small collision systems, an
anti-correlation between v and vs and a positive correlation between va and vy, the
pattern abserved previously in large collision systems.

> In the multiplicity range covered by the pp collisions, (Nen) < 150, the sc2,3{4} and
sc2,4{4} are similar among the three systems.

> For (Nen) > 150, sc2,3{4} and sc2 4{4} are larger in Pb+Pb than in p+Pb collisions.

> The results for ac2{3} are similar among the three systems at (Ne,) < 100, but they
deviate from each other at higher (Ncn): pp data are approximately constant, while
p+Pb and Pb+Pb data show significant increases as a function of (Nen).

. x0® T 0
5 [\ =naas T T T T = T T T T 2 T T T T
2 [ 1 3 ATLAS Preliminary S ATLAS Preliminary
o LS o o O 2 ®
@ + & o9 o 1 -8-pp 13 TeV 04  ePp13TeV i
-2 r 4) + 7] -©-p+Pb 5.02 TeV -©-p+Pb 5.02 TeV ——
[ + ] 51| & PosPo276Tev —_ + B PbiPb 276 Tov T
F 1 oo o
A H o . ] " o o0
[ 1 o o 0.2 - E
; * bl X v
[ i = 0000000 o
o . et o0 0 00 Hmoss
[ ATLAS Preliminary ~“®-pp13Tev ] o ®
3 0.5<p_<5 GeV. ©-p+Pb5.02TeV of - of- -
L g m - T
| |Three-subevent method & Pb+Pb 276 TeV Three-subevent method Three-subevent method
1 1 1 1 1 1 1 1 1 1 1 1
100 200 300 400 0 100 200 300 400 100 200 300 400
ATLAS-CONF-2018-012 (N, (N, (N,
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Normalized cumulants

> Remove dependence on harmonics magnitude and focus only on correlation strength.
> Normalization removes most of (Ncn) dependence at (Nen) > 100.
> Normalized cumulants are similar among different collision systems at large (Nan),
although some splitting at the level of 20 — 30% is observed for smaller (Nep).
> Values of nsca,3{4} in pp collisions are very different from those in p+Pb and Pb+Pb
collisions. This suggest that the (v3) values from the template fitting method may be
significantly underestimeted.
> Normalized cumulants are consistent between the two pr ranges. These results suggest
that pr dependence of symmetric and asymmetric cumulants largely reflects the pr
dependence of v,, at the single-particle level.
SR NN Ry T g, ARARLRARARARRAL
§ +$ + § 4 ATLAS Preliminary - & 4| ATLAS Preliminary
-e-pp 13 TeV -e-pp 13 TeV
T * ATLAS Prolminary ] %’ o PorpbzzaTev o PepoasaTev
st 1T Wl RS TP
4 ] ;* a® nO.ﬁj’ R +¢nnﬂPEFDD feqpes
05ep 3600 T T e
Three-subevent method Three-subevent method Three-subevent method
) 1(5)0 260 3(‘)0 4(‘)0 0 1(‘)0 260 3‘00 4(‘)0 0 1(‘)0 2(‘)0 3(‘)0 4(‘)0
ATLAS-CONF-2018-012 (Nch> (Nch> <Nch>
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Normalized cumulants

> Remove dependence on harmonics magnitude and focus only on correlation strength.
> Normalization removes most of (Ncn) dependence at (Nen) > 100.
> Normalized cumulants are similar among different collision systems at large (Nan),
although some splitting at the level of 20 — 30% is observed for smaller (Nep).
> Values of nsca,3{4} in pp collisions are very different from those in p+Pb and Pb+Pb
collisions. This suggest that the (v3) values from the template fitting method may be
significantly underestimeted.
> Normalized cumulants are consistent between the two pr ranges. These results suggest
that pr dependence of symmetric and asymmetric cumulants largely reflects the pr
dependence of v,, at the single-particle level.
S,,;;V é%@o&)@@luDdD EEQ jTl T T T @; T T T T
o o o
§ ¢ + Z 4r ATLAS Preliminary . g 4 ATLAS Preliminary T
2+ ¢ B - pp 13 TeV -e-pp 13 TeV
. -©-p+Pb 5.02 TeV -©- p+Pb 5.02 TeV
* ATLAS Preliminary 5 Pb+Pb 2.76 TeV $ -8 Pb+Pb 2.76 TeV
13 TeV
4 :SEPb 5.22 Tev B 2 H» 7 2r $3$ 1
-5 Pb+Pb 2.76 TeV +O ouo 056 + ¢¢D‘.§3u‘b%%%mmuuu
Q 8 geesas ¢ *
o ] O« f e 4 0 4
0.5<pT<5 GeV 0.5<pT<5 GeV 0.5<pT<5 GeV
Three-subevent method Three-subevent method Three-subevent method
) - 100 260 3(‘)0 4(‘)0 0 1(‘)0 2(‘)0 3(‘)0 4(‘)0 0 W(I)O 20‘0 3[‘)0 4(‘)0
ATLAS-CONF-2018-012 (N, Ny N

M. Przybycied (AGH UST) Correlations and fluctuactions with ATLAS ICHEP 2018 4 - 11 July 2018 11



Two-particle correlations in oson tagged pp co|||5|ons

> Strong dependence of va on (Ne,) in p+Pb and Pb+Pb f““, ATLAS Proliminary

pp, V5=8 TeV, 19.4fb"

collisions is atributed to the dependence on centrality. [ 05<p2<5.0 Gev 1
.. . . . P | 2.0<lAnl<5.0 _
> In pp collisions vz is independent of event multiplicity. T onireso 1

. c

> Try to control collision geometry in pp by requiring
presence of a Z boson, produced in a hard scattering.

Z-boson tagged events have smaller impact parameter b g
0.98| - ¢ o -

and in consequence smaller v then in inclusive events. | ===t =

. . 2 | ATLAS Prehmmary i

> A new technique was developed to subtract pileup © [ e fs=8Tev, 104" ]
. . . O.5<p:‘ <5.0 GeV

contribution in 2PC measurements. 192 5 050 7

[ 70<n™<80 1

> A template fitting method was used to extract va [« ceo 1

o G+ FC"™(ag)

v

Pileup subtraction changes vo by 20% on average.
> Z-tagged vo is 8 £ 6% higher than the inclusive one.

> No multiplicity dependence of v2 in the Z-tagged data.

; — r ; o
® ¢TLAISt Pﬁlmmaw 20dAn|<5.0 {1 = [ 7 ATLAS Prefiminary  2.0<lAni<5.0 18 : ATLAS Preliminary  2.0<lAn|<5.0 ]
Ro.1- Template Fits 0.5<p™°<5.0 GeV | Template Fit 22, @141 i ab, B
o : o 0.4 Template Fits 05<p*°<5.0 GeV | Template Fits 0.5<p*°<5.0 GeV
L Zp{ rﬁzTer (19-4'b ! y ] [ pp, (s=8Tev, 19.41b" T ] § [ pp (5=8 TeV, 19.4fb" Pr ]
L “tagged events | [ 1 £ [ 1
L ¢ . . . J [ ‘ . 1 312k b
[ 6o o ot [ o o & 8 oo & §] @7} { | [} 1
=] | T T LY, SYUpupepupuyt U Iy, ¥
0.05- o o 005F 12 i LB
b 4 L 4 o k
L o No correction for pileup 1 | e8TeV Z-tagged | ; [ e8TeV Z-tagged 1t
L e Pileup corrected ] [ o5TeVinclusive 15 I ]
L 1 | 013 TeVinclusive 1 =08 =
| | L | | | | | > [ | | | ]
% 20 40 60 80 100
nswgnal or ndlrec! 0 20 40 60 80 nswngaQO 0 20 40 60 80 om0
ATLAS-CONF-2017-068 ok gy
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Longitudinal flow decorrelation in Pb+-Pb collisions

> Both longitudinal & transverse fluctuation exist in EbyE particle distribution in (7, ¢).
The goal of this analysis is to study the longitudinal flow fluctuation.

> EbyE fluctuation in the magnitude and the phase of the harmonic flow vector:

Z w;e' e
Zi Wi

> The longitudinal flow fluctuations are studied using the correlation, r,,|,,;x, between the
kth-moment of the nth-order flow vectors in two different 7 intervals, averaged over
events in a given centrality interval (sensitive to twist and magnitude decorrelation).

Fn(n) = va(n)e™® (M s estimated from the observed flow vector G, =

> Another correlator, R,|y;2, involving flow vectors in four 7 intervals is also used to
separate contributions of the asymmetry and twist effects.

(@5 (=) @3* (rer)) (G (=1rer) @5 (1) G (=) G5, (rer))
r . = e O R = in A n
alnik (1) = 2R G G er) nini2(M) = (G e G ) (4, (1) G )
DG, Crer)
(rl)q" Crre) G (e qn () (NG5 Clrer)
-n n qu Tref -0 n Mref
1
f I
I FCal- I Tra(lcker I FCal+ I I FCal- I Tra¢ker FCal+
I
| |
|
! I (Mee)dn (1) i n 5 M)
!
49 40 24 ' 24 40 49 n 49 -40 24 24 40 49 n
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Longitudinal flow decorrelation in Pb+-Pb collisions

> 7T3j2;1 shows a linear decrease with 7, except in the most central collisions.

> The decreasing trend is weakest around the 20 — 30% centrality range, and is more
pronounced in both more central and more peripheral collisions (related to a strong
centrality dependence of the v, associated with the average elliptic geometry).

> The decreasing trend is slightly stronger at \/sxn = 2.76 TeV than at /sxn = 5.02
TeV collisions(collision system less boosted at lower collision energy).

> Similar linear decrese of 7,,,,1 with 1 also for n = 3,4, which is almost independent of
centrality (v, n = 3,4 are mainly driven by fluctuations in the initial state).

v

The decreasing trend of 7,51 for n = 2 — 4 indicates significant breakdown of the
factorisation of two-particle flow harmonics into those between different 1 ranges.

& [ATLAS
LN I
1_$+$ ...........................
0957 Pbipb 0-19% 4; & [ Pb+Pb 5-10% [ Pb+Pb 20-30% 1[ Pb+Pb 40-50% 1
| @ 276 Tev, 7pb"+ [@ 276 Tev [©) 2.76 Tev [@ 276 Tev
| @ 5.02 Tev,22ub” @ 5.02Tev @ 5.02Tev @ 5.02Tev
L 1 L 1 1 1 1 1 1 1L 1 1 1
0 05 1 15 2 0 05 1 15

EPJC (2018) 78:142

1
0 05 1 15
n

1
2 0 05 1 15 2
n
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Longitudinal flow decorrelation in Pb+-Pb collisions

o T T T bn T T T = T T T
N[ ATLAS w6 ATLAS o S ATLAS
LL
[B]Pb+Pb 2.76 TeV, 7ub™ [@]Pb+Pb 2.76 Tev [©] Pb+Pb 2.76 Tev
0.02r2  [Eprb+po5.02 Tev2zun® [EPb+Pb 5.02 Tev [@ Pb+Pb 5.02 Tev
© 0.04F 4 o.04- -
o
©000©
o O e
o (€] o
g BoOdo g © ?é Q e o
=]
oot & . O ) Bc:H:M:ID O e
Dga ) 0.02F 0.02r 1
Bepe B

1 1 1 1 1 1 1 1 1 1 1 1
G0 100 200 300 400 (b 100 200 300 400 (b 100 200 300 400

Npart Npar‘( Npart

> Tnln;k(n) are expected to be approximately a linear EPJC (2018) 78:142

function of n (JPhysG 44, 075106 (2017)):

s T asy twi % % ATLAS l @nlzz "
Tn|nk(n) ~1- 2Fn;k777 Fn;k = Fn;k + Fnk ; : 1.4 %n:a ]
~ e s 1
> Slope for r|o;; first decrease and theen increase 9'«;}%1 L m'{} 1
as a function of Npart. “r :F T3 I 5 =
> Slopes for higher-order harmonics are larger. 1 gy + ]
> Decorrelation of v,,, (n=2,3,4) is 10 — 20% I ]
stronger in 2.76 TeV than in 5.02 TeV Pb+Pb 0.8 Pb+Pb, 276 TeV 7ub", 5.02 TeV 22ub"
collisions. 0 700 200 300 300

‘part
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V,, — mean p; correlations in Pb+Pb

> Correlations between magnitudes of the flow harmonics and %107 3 " amAS Pty
other global event characteristics, e.g. mean pr, [pr]|, may }107 ;-,:_ jgNgN:giégvgxi
provide ne insight into the properties of the QGP. 5ot B B R
nq’”u s s .
> Replace the standard Pearson’s R coefficient with a modified 104%, Te. ey
correlator to avoid additional broadening of v,,{2}* and [pr] Tea Tt e
distributions due to finite charged particle track multiplicity 10°F e
(PRC 93, 044908 (2016)): T ‘
& - ATLAS Preliminary
_ cov(vn{2}?, [pr]) = p= cov(vn{2}?, [pr]) §o.4—§= . I orsAl
— = £ Bt
\/Var(vn{Q}z)\/Var([pT]) Var(vn{2}2) v/ s matbiibldet
> Multiplicity dependent variances are replaced by their 0_2; : ]
dynamical counterparts (STAR PRC 72, 044902 (2005)): &=
Folielz,
o = (5 S (ra = (o) (s — () -
[ %= ATLAS Pve\lmmary
& 0.1 .' Pb+Pb S, =5.02TeV ]
Var(va {2} avn = va {2} —va {0} = ({(4)0) = ({217 v ;
T TR
—2.5 —0.75 —0.5 0.5 0.75 2.5 ° cf& SLSLRCTE S N
n ﬁ —-05<p <2GeV
-0.05 e
a C ’ +1<g1<5cev
; 20‘00 40‘00

ATLAS-CONF-2018-008
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V,, — mean p; correlations in Pb+Pb

> Correlations between magnitudes of the flow harmonics and " ‘

T
ATLAS Preliminary

5k
other global event characteristics, e.g. mean pr, [pr]|, may % ) ;-,:_ Pij;?g:g;;nggxi
provide ne insight into the properties of the QGP. 10* :e%%"- - =iy
> Replace the standard Pearson’s R coefficient with a modified 10—413”1:” ., fre, .
correlator to avoid additional broadening of v,,{2}* and [pr] Te. Tt
distributions due to finite charged particle track multiplicity 10°F Tte.. =
(PRC 93, 044908 (2016)): T :
9 2 g;;? a ATLAS Preliminary
COV(V”{2} a[pTD _ COV(V”I{2} 7[pT]) E 15 ® . pmigz;ég\r

= P = .
/Var (v, {2}2)/Var([p]) Var(vn{2}2), vk <+ S 154

> Multiplicity dependent variances are replaced by their .
dynamical counterparts (STAR PRC 72, 044902 (2005)): s S

g0 o 3 o

= <ﬁ ZZ J#i (pri — ([pr]) (pr; — <LpT}>)> TS TPt .,

% A " ATLAS Pre\‘lmlr\ary ]
o, Pb+Pb |5, =5.02 TeV
Var(va{2}*)aye = va {2} — va{4}* = ({4}n) = ({2})* &
>
=3
—2.5 —0.75 —-0.5 0.5 0.75 2.5 S
7 -2+ ——05<p <2CeV

——05<p <5GeV
—e-1<p £2Gev
C _4,l —=-1<p]<5GeV ]

| !
ATLAS-CONF-2018-008 0 2000 4000
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V,, — mean p; correlations in Pb+Pb

10™ T

T
ATLAS Preliminary

> Correlations between magnitudes of the flow harmonics and % 3 aTLas meimnay
other global event characteristics, e.g. mean pr, [pr]|, may Y jgNgN:g:gggg

. i . . 1075 "1, T1dpit2cey o
provide ne insight into the properties of the QGP. s vae mitheiow

nq’”u s s . .

> Replace the standard Pearson’s R coefficient with a modified w04 e, 'y
correlator to avoid additional broadening of v,{2}* and [pr] Tea Tt e

distributions due to finite charged particle track multiplicity 10°F e

(PRC 93, 044908 (2016)): T ‘

2 2 g;:? 3 + ATLAS Prenmmary -

cov(va{2}", [pr]) __cov(va{2},[pr]) F L e

Bt

= p =
/Var (v, {2}2)/Var([p]) Var(v{2}?),,.VCr 2 " il
g
> Multiplicity dependent variances are replaced by their g
dynamical counterparts (STAR PRC 72, 044902 (2005)): r "L ]

o
o

sEEz g °
_ 1 _ o nl - ° 8.8, 8 &
k= <Nr)air Zz NE pT i <[pT]> (pT‘-‘ <LPT}>)> % 10X106 ATLAS Pre\‘lmlr\ary
S og it ™
Var(va {2} )am = va {2} —va {4} = ({4}n) — (2)* 3 T4 THEIGS
> 6 ——1<p <5CeV 1
=3
—2.5 —0.75 —0.5 0.5 0.75 2.5 S ) 1
Ui voe
2r st - ~
a C vuu:E - LT e . .
0| ‘i 6. 2.8 .8 8
0 2000 4000

ATLAS-CONF-2018-008
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V,, — mean p; correlations in Pb+Pb

> p(v2{2}?, [px]) C g
< 7 .2 2 5 g
o rapid increase with centrality for Npare < 100, starting from = ok Lt o8 s .
negative values at Npare < 40, oo
. . . 0.1~ go B
o weaker increasing dependence is observed over the Npart o
range 100 — 350, and a fall in more central collisions, s o5 <76y
. . pe . . . . . ——05<p_<5GeV
e significant correlation in midcentral events is attributed to -0 iiiﬁ%igg E
stronger hydrodynamic reponse to the large initial state a i ATILASTPre“"lmaW i
eccentricities (PRC 93, 024913 (2016)). F od PoiPh [S=s02Tey
g .
IS p(Vg{Z}Q, [pT]) 0.05F P B g
L3,
e correlations for v3 are smaller and have a weaker centrality 0*'§'$';¢;'§"3"°"'E' """""""""""
dependence compared to va, -0.05]- * E
o correlations are positive for all studied centralities except for | % i%?:ﬂgéﬁ?
- . . N —a— <DT< €'
Npart < 100 where they are negative or consistent with zero. L TeisepeseeV
» p(va{2}2, [pr]) s i A
2 0.2 —-05<p <2Gev
e significant positive correlations over the full Npar range, % ' Dabeh; Dodevid
0.15F 4 —a1<p <5Ge B
o largest values of p are observed at low Npare = 100, 1 % g "y e
magnitude of vs and v4 correlations are similar at Npare >270 o1 t ' ' E
. _ . . § ;3 3 %
> Theoretical predictions are consistent with the data for 0.05- $ ; o 14
p(v2{2}% [pr]) and p(vs{2}? [pr]) (PRC 93, 044908 (2016)) S
ATLAS-CONF-2018-008 % 100 200 300 400

part
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Azimuthal anizotropy in Xe+Xe collisions

> Flow harmonics, vo—vs, have been measured in Xe+Xe collisions at /sy = 5.44 TeV

using 2PC, template fitting and SP methods as a function of pr and centrality.
2<pj"<aGev
(60-70)%

ATLAS Preliminary
Su=5-44 TeV, 3 ub”!

C(ag)

1.04

2<p$-b<3 GeV
(0-5)%

ATLAS Preliminary
(Su=5.44 TeV, 3 ub™!
Xe+Xe

2<p}°<3 GeV
(30-40)%

ATLAS Preliminary
{Sun=5.44 TeV, 3 ub™
Xe+Xe

S \ /3; \\\“\\ \\\ \\ \ %,_—? * LN
“.\\\ \\\ \\\ s RN \\\\\@\ \\\\\.\ 3 I\ '\\\\\\
\\\\t\\“\\\\\ ,\\‘\\\\ \\“\\ \\\\\\\ \ “\\\\\ i \\\\\ 0.9 \\\}\\\\ W
f \\\\ Il i . ‘\\‘)\‘ \ :
) \\\“\\\\\\\ 4 \\\\\\ w“ 4
ATLAS-CONF-2018-011 0
4 4 4
[ aTLAS Preliminary (05)%  2<Ani<5 | —g [ ATLAS Preliminary (30-40)%  2<fAn<5 | :g [ ATLAS Preliminary (60-70)%  2<Ani<5
o 19 14 2<p?°<3GeV ]

[“Xe+Xe 5,=5.44 TeV, 3 ub™"

2<pj°<3 GeV

[ Xe+Xe [5=5.44 TeV, 3 b’

2<p?°<3 GeV

[ Xe+Xe [5y=5.44 TeV, 3 b
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Azimuthal anizotropy in Xe+Xe collisions

> Flow harmonics, vo—vs, have been measured in Xe+Xe collisions at /sy = 5.44 TeV
using 2PC, template fitting and SP methods as a function of pr and centrality.

ATLAS Preliminary 2<p3°<3 GeV ATLAS Preliminary 2<p}°<3 GeV ATLAS Preliminary 2<p3°<3 GeV
Su=5-44 TeV, 3 ub”! (0-5)% (Su=5.44 TeV, 3 ub™! (30-40)% {Sun=5.44 TeV, 3 ub™ (60-70)%

Xe+Xe Xe+Xe
4

\\\\“‘\ i
i 3 \\\ i i -»“‘\\ \\\\\\\\\\\\\\\ -
N e R E
‘\‘\‘“‘ NE \\g\\\\\\\\\\ @{\\\\\\\\\\\\\\\ e \\\\\\\\\\\‘\
4 4 > \\\\\\\\\\\\\\\\ “ 4
] g“
" ATLAS-CONF-2018-011 4 4
& e e, & | s, 13 | amascrame,
. Cla0) 1 ; F(c‘gv | [ c(mg; 1

104 o FC"™a0)+ G o)+ G 1 15— a8 + G
) — cie) [

- C"(ag) + FO™0)

G+FC™™0)

)
- C*%ay) + FC™™0)

102 G+Fc™™0)

I Hj’ﬂLH I
o ; :
Feeoglooooooodgoe®® - o

[ " s070% = N
098eel™  05<ptc5Gey e

05<pl<iGeV

= ¥ Ve
ko 00
o o B
200g0000000lge0° F2004f80 500 00%°

60-70% Te-or®: 5| "o s070% e 0 Lo
05<p?<5GeV T O[T 0s<pi<sGev 7

2<p2<3GeV 1 [ 4<pt<6GeV

Hﬁjw_wrwéuw\uw\uw\

i I I | I . | I I
0 2 e 0 2 T ae 0 2 L

> In the template fit C**"'""(A¢) is constructed using /s = 5.02 TeV pp events with less
than 20 reconstructed tracks.
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Event-by-event flow fluctuations in Xe+Xe collisions

T T
ATLAS Preliminary 0.5<pi<5 GeV.

> If flow fluctuations are 2D Gaussian in the transverse plane:
Xe+Xe | $=544 TeV, 3 ub" 5 xg,xe

Vn{ZPC} _ \/Té.n’ Vn{4} _ Vn{ﬁ} =5, 015k Pb+Pb\sNN=5v02TeV.22yb. ..pb..pb. ._

> Similar centrality dependence for different order flow a3 . ]
e
cumulants, vo{2k}: largest in mid-centraland decreasing oosfo § ]
towards both central and peripheral. :
. § | ATLASFrehr‘ninary ! 05<p:<5Ge\/ 4
> v2{2PC} > vo{d} ~ v2{6} = flow fluctuations close to %" xeroisusttoramw’  oxerie

PbiPb | 5,,=5.02TeV, 22 ub™ 4 pp,pp

00 g8 e e,

Gaussian; also strong vs fluctuations: vs{2PC} ~ 2 - v3{4}

0.04f o * * L
o %, s
> vo{4}/v2{2PC} - reflects the relative strength of flow .t
fluctuations - flow fluctuations are larger in central collisions. °*f ]
> vo{6}/vo{4} <1 = in mid-central Xe+Xe collisions, the " e —
entrality [%)
non-Gaussian component is slightly larger than in Pb+Pb. ATLAS-CONF-2018-011
o T T T 10 F T T T Ty g 1.03 T T T T T T T
) ATLAS Prellmmary ¢v2{4} 1 & ATLAS Prehmlnary ]l = ATLAS Preliminary #Xe+><e
> 0.12[-Xe+Xe |5, =5.44 TeV, 3ub™ #v. (6){ Sk 0.9 Xe+Xe\s =5.44 TeV, 3ub* e i 1.02[Xe+Xe \[,=5.44 TeV, 3pb* 9
0.5<p, <5.0 GeV 2raz [ 0.5<p <5.0 GeV % 1z Pb+Pb s =5.02 TeV,CMS  ¢Pb+Pb
0. et o $V3{4) 1o ettt e o 4 M0osgsocey E
* N i .
0.08 . ¢ Eoo E 1 A
o ] Pe 1 oof offtfyee . °o E
006 o* E o ] % .00,
K % ] 1 0.98F . 3
0.04 ] 7; 097k 3
oomPene = 70 E 1 oseef E
e b b bevnn Lo b Lo Lo dd Euu\uww\uu\uu\uu\uH\HH\HHE 09:HH\HH\wuw\uu\uu\wuw\uu\uu
Pb 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 "D 10 20 30 40 50 60 70 80
Centrality [%)] Centrality [%] Centrality [%]
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ATLAS provided several new results on correlation and fluctuations in HI collisions:

Standard, symmetric and asymmetric cumulants have been measured with standard
and subevent methods in pp, p+Pb and Pb+Pb collisions.

Results obtained with standard method are dominated by non-flow effects.

Three subevent method removes most of non-flow effects.

Normalized cumulants show similar strength of the correlations between flow
harmonics across all systems.

@ Within (1~2)o syst. uncertainties, the Z-tagged v is consistent with the min-bias vs.

@ Evidence for long-range azimuthal correlations and collectivity in small systems is

confirmed and supplemented by new ATLAS measurements.

The factorisation of two-particle azimuthal correlations into single-particle flow
harmonics was found to be broken, with the magnitude of decorrelation increasing
linearly with the rapidity separation between two particles.

Significant correlations of flow harmonics with event mean-pr in Pb+Pb collisions is
observed.

A comprehensive study of flow in Xe+Xe collisions at 5.44 TeV has been performed
and compared to Pb+Pb at 5.02 TeV.

Thank you for your attention!
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Heavy-ion data sets

» A-+A collisions:

o Pb+Pb @ 2.76 TeV (2011), Li, = 0.14 nb™"
o Pb4Pb @ 5.02 TeV (2015), Ly, = 0.49 nb™!
o Xet+Xe © 5.44 TeV (2017), Ly = 3 ub™*

> p + A collisions:
o p+Pb @ 5.02 TeV (2013), Li, = 29 nb™"
o p+Pb @ 5.02 TeV (2016), Ly, = 0.5 nb™!
o p+Pb @ 8.16 TeV (2016), Ly, = 0.16 pb~!

> Reference pp samples:

pp © 8 TeV (2012), Liw = 19.4 fb~!

o pp ©@2.76 TeV (2013), L = 4 pb!
pp © 5.02 TeV (2015), Ly = 28 pb™!
pp @ 5.02 TeV (2017), L, = 270 pb™!
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The ATLAS detect

Detector coverage:
Inner Detector (ID):

In| < 2.5
Calorimeter (CAL):

In| < 3.2 (EM)

In| < 4.9 (HAD) A g 4 =}

3.2 < |n| < 4.9 (FCal) A=A G WA i
Muon Spectrometer (MS): ‘ e

Il < 2.7 — 3k i
Zero Degree Cal. (ZDC): \ ] ) v e\ \% - //
In] >83 @z=+140m \ A A\ !
\ A e \ 1

MB Trig. Scint. (MBTS):
2.1 < |n| <39

Magnetic fields:

e 2T solenoid field in ID
e Toroidal field in MS

Muon Detectors Tile Calorimeter

Liquid Argon Calorimeter
[l

Toroid Magnets  Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker

Identification of minimum-bias p+Pb and Pb+Pb collision
measurement of spectator neutrons in ZDC and charged
particle tracks (pulse hight and arrival times) in MBTS.
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Centrality determination in Pb+Pb and p+Pb

» Centrality is measured using forward calorimeters (3.2 < |n| < 4.9):

= —Data ATLAS f TOF M~ " atLas! ]
£ Model Pb+Pb [5.,=2.76 TeV — o ™ p+Pb, By = 5.02 TeV, 1pb™

% Lin =200 mb" 3 &
s 1 _ E.ué
im 10 . % 12::
zg 102 %’3 4 25

= 83 S 3

10° E 10°} 4

10 *; ' t ]

0 1 2 3 4 0 50 100 150 200

sEP [Gev]

FCal £E, [TeV]
> in Pb+Pb use sum of Et on both sides, 0o ‘

. . . § [ ATLAS Simulation ]

> in p+Pb use sum of Ex on Pb-going side only,  z* 5[ sen 1wt ysr=soerev J E

£ \ E

» for Pb+Pb use Glauber MC for geometry, o[ + ﬁ |

. C Y |

> for p+Pb use both Glauber and Glauber-Gribov [ o b ¢ E

color fluctuation model (PLB 633: 245 (2006)). of o " E

£ . +  Glauber M=

> Average number of participants (Npart) for each S T SScrazon 4

centrality bin resulting from fits to the measured ) S S

. 3 . ”~90%4‘7>50%3‘7-4a%2”~30%1D’?o%5‘10% 2595 095 0;90%
Er distribution for p-+Pb. Centrality
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Pileup subtraction in high-luminosity pp data (p ~

> Tracks comming from pileup are partially 10t
rejected by requiring matching to the
collision vertex where Z-boson is produced.
Then the measured distributions are
corrected for pileup on a statistical bases.

> Direct - tracks and track pairs that pass
selection criteria and result from a single event.

T T
ATLAS Preliminary
pp, V5=8TeV, 19.4fb"

10°

ATLAS Preliminary

> Direct contributions consist from Signal and 2,
. . . °c150)
from pileup interactions (Background).

0<v<05

> Use Mixed events constructed from tracks
from different events, but with similar i and
[(z6™ — 2Z7°") sin @] < 0.75 mm, to obtain
Background distributions as functions of

mixed __ /. bkgd
both n{17°¢ and v = (nE)

100y

pp. Y5=BTeV, 19.4b"

[ pp, (s=8Tev, 10.41"

ATUAS Preliminary

9<v<95

50 100 150

drect
Nk

> One can build transition matrices, which can

signal ,

be used in the unfolding to restore n; 3
signal ,_directy __
M(V7 Trie ) ntr‘lrjc ) -

signal direct
= PDir(V < 057 n:;im )PMiX(l/, ’I’Ltrllr:c

signal
= Mk

ATLAS-CONF-2017-068
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Pileup correction he pair-distribution

» D=Direct, S=Signal ac o
' gnat, goeoor ATLFS‘eﬁre\ymiga‘alb‘r‘ e ' ] 2 ' " "
a b — a b 5o ppVs=BTeV. 1 SN sl ]
D* x D” = Z Z (¢ - ¢ ) sl 7O<TEE1<80 . .
a€D beD,b#a 05<p?°<5.0GeV  ® - . 1
b b 2.0<lAni<5.0 . .
> a — gqa P . ]
D*xD bS x S°+ , , . .. _(DiectxDirec) srof (Mixed)x(Mixed)
+S4x B” 4+ B*x S+ B*x I ‘ ‘ ‘ ‘
$ % 4 5 + 4
. A A
> Averaging over many events: i o
L2750 T T — 2 T T T
g 12400 ]

(S*x 8% = (D*x Db — (B%x B®)—
—(Bx5") - (5" x )

27450 4

2740BrpgI000EAHR AP pooon o 1235{ AP ASANOLN NN NDNSNE p e AP

N 2735 ]
> S and are |ndependent, and (Direct)x(Mixed) (Mixed)x(Mixed)
3 1w
(8%) =(D*) = (B*), hence j ; : g — . :
Ad Ap
(S*x S = (D*x D®) — (Bo*x B — , ae T e
b b g g o 00n®
—(D*) x(B%) = (B*) x(D")+ S <
a b < ° 6500 o % ]
+2(5%) x (1) o RS Y
> Background events are statistically N M- K g2
. as00fe - *(Signal)x(Signal) B D)
equivalent to events at the 007 000 ‘ oegestten, ‘
L s 3 3 s % 3
same multiplicity. o ATLAS-CONF-2017468
direct,max
max .
signal ___signal,0 v Mrk direct

| DD DR 0 (e I oo (CUEC D1 W

v direct _, signal,0
Terk  — rk
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D* meson production in p+Pb collisions

x10°
%) 8F ATLA‘é‘PreIlmlnary T LZ
» Heavy quarks are primarily produced at early stages § roosietey T E
of HI collisions in gluon-gluon fusion and can carry % 675005:'; S E?Zﬁi‘ﬁ"a‘*
information about early stage properties of the QGP. ,_,2 g X =09 :.anwgpp:ué
> Compared with gluons and light quarks, heavy quarks % aF e
lose less energy when traversing the medium due to 2 3 E
the dead-cone effect (JPhys G17 (1991) 1481). o E
> Reconstruction of D* mesons in “golden channel”: 1 E
ob b e ]
.t 0 o+ 175 18 18 19 195 2
D*" = D'r blow — (K77 )7 o + C.C. m(Kn) [GeV]
L —
» DO candidates are constructed from opposite-sign 2 35[ATLAS Preliminary 4+ oata Sio%" Signar]
pairs of tracks with pr > 1 GeV each. g 35”;P§<?{~<§516Te" i 1a, E
Both_ combinations of kaon.and pion masses are 2,5 S0<Pieo0s E
considered for the tracks, since no particle R ]
identification is applied. E & ]
The invariant mass of the pair is required to be in the §’ 150 + F
range 1.75 < m(K7) < 1.96 GeV. 1 }
» D* candidates are built by adding a soft pion track 0.5¢
with pr > 250 MeV to D candidates. P L L e ot
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-hadron correlations in p+Pb collisions

> Study of azimuthal angular correlations between charged particles and inclusive D*
candidates with 3 < pr < 30 GeV and —1.5 < y* < 0.5 in p+Pb collisions.

> D*-hadron (D*-h) correlations are quantified using the two-particle correlation
function C(A¢) obtained from all pairs of D* candidates and charged particle tracks,
separated in pseudorapidity by An > 1.

> A template fitting method is used to extract the harmonic coefficients associated with
the long-range ridge contribution, using the shape of peripheral contribution obtained
from events with low multiplicity of 10 < Ng, < 80.

> A finite va,2 is extracted from inclusive D*-h correlations with (1 ~ 2)o significance.

gl gll2o e ey FrrT T T TR
& b ATLAS Preliminary go<n, <120 | < 1 [ ATLAS Preliminary 150<n, <160 ] S--08[" ATLAS Preliminary 160< N, <240 |
01 087 PPD 5 =B16TeV  Simutancousfit ] © T PPOVSW=B6TV  simutancousft | O [ PHPOSw=816TeV  Simutancousfit ]
°F 4cen 1 108 ycwe 7 104r ycee ]
1.06F g+ fc PP A g) = £ gric P (Ag) 1 [ ogric PP ag) ]
) 3 ' —c"™ag) ] )

I S, 1 1040 o g e q 0 102L Cueg o .
1.02- E : ] r ]
E 1 1o02f + E [ 1
1 E F 3 1 b
0.98F e = r ]
0.96F E 098] T B 0.98- b
0.94F v, x10° = 15.4 + 8.5(stat) + 0.9(syst) E 0.96[ v, x10° = 8.5 + 3:3(stat) + 0.4(syst) B! [ v,,x10° = 3.1+ 2.6(stat) £ 0.3(syst) ]
£ ] L ] 0.96- |

Il L Il Il Il Il Il L Il Il Il Il Il L Il Il Il Il

0'920 0.5 1 1.5 2 25 3 0'940 0.5 1.5 2 25 3 0 0.5 1 1.5 2 25 3
Ap Ap Ae
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v, measured by the SP method in Xe+Xe collisions

= : —
> H . 2 ATLAS Preliminary Inl<2.5 _
Scalar Product (SP) method for v, calculatlon %[ Koo ot vev, 37
p FCaI N FCal P 0-5% -
{SP} _ <‘1n n) 021 2
Vn = \/W Q" ﬂ a7 | o
-49<n<-32 -25 0 32<n<49 |
+V5
> For all centralities, v,{SP}(pr) increase at low pr, reach a oaf . -
maximum at 2 — 4 GeV and then decrease. §+*“¢
s o
. . . e O
> As a function of centrality, the v,, values for all harmonics ofpet ‘
. o T al
are comparable for Xe+Xe and Pb+Pb = flow is related & QTLQSVPE"Q'ZZ? a2
.. > e+Xe |5, =5 eV, 3yl
to the initial geometry rather than to the number of sources. 2030% i
0.2 =
> Difference between v,, as a function of Npare may be related - = j
to the difference of sizes of 123Xe and 235Pb nuclei. S -
ATLAS-CONF-2018-011 o v T - 1
& T e g 02 e s |
® [ ATLAS Prellmlnary 0. 5<pT<5 GeV| @ [ ATLAS Prellmmary 0. 5<p <5 GeV] fo p0 T
S [ XetXe 5,=5.44TeV, 3ub™ |7]<2.51 = | Xe+Xe |5,=5.44 TeV, 3ub™ yl<2. 51 o e
02 Pb+Pb / =5.04 TeV, 5yib™ 1 o1s/Pb+Pb |5 / =5.04 TeV, 5yib™ b & [ATins preiminary Tiezs.
[ ov, ov, Solid: Pb+Pb 1 [ o Solid:Pb+Pb °v. ] ¥ [ XerXe |5,,=5.44 TeV, 3ub”
Open: Xe+Xe r ~.__Open: Xe+Xe °Vs 02l 2060% w2
- b e 4 =
N i . ev3
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] ** —— V5
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Symmetric and asymmetric cumulants in Xe+Xe collisions

. . . 3: 7ATLAS‘ Preliminary . _ 1
> Differential flow cumulant, v,{4}(pr), is calculated as: e T o
0.5<p,<5.0 GeV (5-10)% $n=3
dn{4} 0.15F 4
vifd} = ——— 555 dedd} = (d{4}n)—2(d{2}0) ({2})
(—enf4})
0.1~ B
> For all centralities, v2{4}(pr) and vs{4}(pr) increase at low e
. 0.05 ! i
pr, reach a maximum at 2 — 4 GeV and then decrease. [re™ 5 +:¥++
foro-r0t
. nl L L
> sc2,3 and sca4 = vz and vs are anti-correlated, and S Farins pratminay 1—
. . . > 027><e+>(e\{sTN=544TeV.3ub’ =2
positive correlation between vo and linear component of vy. 05p <50GeV 20400 dn=
. . . . 0.15 g, —
> 1NSCpn,m and nac,,, keep increasing towards peripheral, i.e. . .
their centrality dependence originates mainly form the (v2). ok e . ]
. ATLAS-CONF-2018-011 -
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