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Heavy ion physics program in ATLAS Recorded datasets

2010 2 76 7 ub-1
Complex program of measurements covering 2011 2,76 0.14nb-
: : 2012 3 19.4 fb-
= (Collective flow in small & large
2013 2,76 4 pb-1
systems
2013 5,02 29 nb-1

= (Colorless probes - electroweak

bosons (W/Z) in Pb+Pb Christopher McGinn

2015-16 13 0.9 pb-

| Sun, 14:50
= (Colored probes - jets & heavy 2015 502  28pb
flavour quarks 2015 502  0.49 nb-
= Ultra Periphera\ Collisions (UPC) 2016 5.02 0.5 nb-1
Benjamin Gilbert 2016 8,16  0.16 pb!
Wed, 14:12 2017 544 3 pb

2017 502 270 pb-
2018 502  1.76 nb-

Run 1

Run 2


https://indico.lip.pt/event/592/contributions/3247/
https://indico.lip.pt/event/592/contributions/3249/

Global observables of heavy ion collision:
collective flow

= 3D hydro description of QGP expansion

= Role of the Initial conditions?
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https://link.springer.com/article/10.1140/epjc/s10052-019-7439-3
https://www.sciencedirect.com/science/article/pii/S0370269320300666?via=ihub

Longitudinal flow decorrelation Xe+Xe & Pb+Pb

Phys. Rev. Lett. 126 (2021) 12230
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https://link.springer.com/article/10.1140/epjc/s10052-019-7489-6?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20191206#enumeration
https://arxiv.org/abs/2001.04201

Longitudinal flow decorrelation Xe+Xe & Pb+Pb
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https://link.springer.com/article/10.1140/epjc/s10052-019-7489-6?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20191206#enumeration
https://arxiv.org/abs/2001.04201

Longitudinal flow decorrelation Xe+Xe & Pb+Pb

Phys. Rev. Lett. 126 (2021) 12230
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https://link.springer.com/article/10.1140/epjc/s10052-019-7489-6?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20191206#enumeration
https://arxiv.org/abs/2001.04201

Longitudinal flow decorrelation Xe+Xe & Pb+Pb

Phys. Rev. Lett. 126 (2021) 12230
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decorrelation and transverse flow provides strong
constraints for modeling of heavy-ion collisions.


https://link.springer.com/article/10.1140/epjc/s10052-019-7489-6?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20191206#enumeration
https://arxiv.org/abs/2001.04201

vn-[pT] correlation in Xe+Xe & Pb+Pb

Correlation between “radial” (mean pr)
and “transverse” evolution of the system
(Vn harmonics)

o = cov(vy, {2}29 [p1])
\/VZlI’(Vn {2}2) dyn\ﬁ
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https://link.springer.com/article/10.1140/epjc/s10052-019-7489-6?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20191206#enumeration

vn-[pT] correlation in Xe+Xe & Pb+Pb
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Strong centrality dependence and sensitivity
to the event class definition.



https://link.springer.com/article/10.1140/epjc/s10052-019-7489-6?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20191206#enumeration
http://cdsweb.cern.ch/record/2748818

vn-[pT] correlation in Xe+Xe & Pb+Pb
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https://link.springer.com/article/10.1140/epjc/s10052-019-7489-6?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20191206#enumeration
http://cdsweb.cern.ch/record/2748818

vn-[pT] correlation in Xe+Xe & Pb+Pb

ATLAS-CONF-2021-001
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https://link.springer.com/article/10.1140/epjc/s10052-019-7489-6?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20191206#enumeration
http://cdsweb.cern.ch/record/2748818
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| not yet able to constrain nuclear
deformation
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https://indico.lip.pt/event/592/contributions/3247/

Flow In small systems

= How the flow in pp collision is affected by hard processes”
= (Can we constrain the geometry of the pp collision?

0-5% Pb+PDb 0-5% Xe+Xe 0-5% O+0 0-5% p+Pb 0-5% P+P
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https://link.springer.com/article/10.1140/epjc/s10052-019-7439-3
https://www.sciencedirect.com/science/article/pii/S0370269320300666?via=ihub

Flow In pp with jet particle rejection
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-018/

Flow In pp with jet particle rejection

¢ | |

< /3 >
&

| |

particles accepted

| | |

-2 -1

Charged parti

the jet (track jet with pt > 10 GeV)

0 1 2
n

cles close (|An|<1) to

removed from the 2PC (both
trigger and associated)

1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 I 1 1 1 I 1 1 1 I 1
-~ ATLAS Preliminary Template Fit -
0.15 ~ pp Vs=13 TeV, 64 nb" -
i O.5<p1a’_’b<5 GeV | _
- 2<lAni<5 0=N"""<20 -
0 1'_ ® Inclusive OAlEvents ONodJet A WithJet _
_ + A -
- mmmmﬁmm@@mcﬁ@
0.05 —
O I | | | I | | | I | | | I | | | I | | | I | | | I | | | I | ]

0 20 40 60 30 100 120 140

16

ATLAS-CONF-2020-018

rec,corr


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-018/

Flow In pp with jet particle rejection
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-018/

Flow in UPC

UPC y+Pb (p+Pb)

Run: 286717

Event: 43643466
2015-11-26 09:53:40 CEST
Pb+Pb, Vsyy = 5.02 T

= | ooking In the class of high multiplicity photo-

Nnuclear collision

= (500d separation from peripheral Pb+Pb due to
the characteristic asymmetric topology
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https://indico.lip.pt/event/592/contributions/3249/

Heavy flavour flow in pp

Phys. Rev. Lett. 124 (2020) 082301
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https://link.aps.org/doi/10.1103/PhysRevLett.124.082301
https://link.aps.org/doi/10.1103/PhysRevLett.124.082301

Heavy flavour flow in pp

Phys. Rev. Lett. 124 (2020) 082301
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https://link.aps.org/doi/10.1103/PhysRevLett.124.082301
https://link.aps.org/doi/10.1103/PhysRevLett.124.082301

Summary

Lots of results based on the Run2 data
= Full list of ATLAS heavy ion results
Good prospects for the future:

Year Systems, |/Sxx Time Lint
2021 Pb-Pb5.5TeV 3 weeks 2.3nb*
pp 5.5 TeV | week 3 pb ! (ALICE), 300 pb~! (ATLAS, CMS), 25 pb~! (LHCDb) | )
2 172022 Pb-Pb55TeV 5 wecks 3.9ub ! Aun T Line 0.17 nb-1
5 0-0, p-O | week 500 ub~" and 200 pb ™" w— Run 2 Lint 2.2 nb-1
(T | 2023 p-Pb88TeV 3 weeks 0.6 pb~!' (ATLAS, CMS), 0.3 IMW Run3&4L;,; ~ 13 nb-1 1!
pp 8.8 TeV few days 1.5 pb~ ! (ALICE), 100 pb~! (ATLAS, CMS, LH _
2027 Pb-Pb55TeV  5weeks 3.8nb~! -5 e . . .
- bp 5.5 TeV | week 3 pb~! (ALICE), 300 pb~! (ATLAS, CMS), 25 pb~! (LHCb) ossioility of using lighter ion
— | 2028 p-Pb88TeV  3wecks 0.6pb ! (ATLAS, CMS), 0.3 pb ! (ALICE, LHCb) species (test of O-O
E pp 8.8 TeV few days 1.5 pb~' (ALICE), 100 pb~! (ATLAS, CMS, LHCb) configuration in Run 3).

2029 Pb-Pb55TeV  4weeks 3nb !

Run-5 Intermediate AA 11 weeks e.g. Ar—Ar3-9 pb™ ' (optimal species to be defined) . .
pp reference | week «— _ Nucleon nucleon |Um|nOS|ty

| | equivalent to:
From HL/HE-LHC Physics Workshop Working Group 5 report Pb-Pb @ Li: 75-250 nb-1.
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
https://arxiv.org/abs/1812.06772

Backup
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Centrality in Heavy Ilon collisions
2015 Pb+Pb data
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in the Forward calorimeter (|n[>3.2)
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Peripheral collision




Centrality intervals and their corresponding geometric

quantities
Centrality [ 9o] (Npart) (Tan) [mb~1]
0-2% 3000+1.6 28.30+0.25
2—4% 380.2 +£2.0 25.47 +£0.21
4—6Y% 3589+24 23.07+£0.21
6—8% 338.1 £2.7 20.93 +£0.20
8—10% 317.8 £2.9 18.99 +0.19
10—-15% 2852 +29 16.08 +0.18
15-20% 2429 +£2.9 1259 +0.17

Centrality [ Y]

<Npart> (TAA) [mb_l]

20-25%
25-30%
30-40%
40-50%
50-60%
60-80%
80—-100%%

205.6 £ 2.9 9.77 £ 0.18

172.8 £2.8 7.50+£0.17

131.4 £ 2.6 4.95+0.15
37.0 2.4 2.63+£0.11
53.9+2.0 1.28 £ 0.07
23.0+ 1.3 0.39 + 0.03
4.80 +£0.36 0.052 +0.006
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0-100%

114.0x+ 1.1 5.61 +£0.06



Flow decorrelation
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Flow decorrelation and flow harmonics ratios all harmonics

Phys. Rev. Lett. 126 (2021) 12230
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Heavy flavor muon versus heavy flavor meson flow

arXiv:2003.03565
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Events with and without track jet of certain threshold in pp

ATLAS-CONF-2020-018
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Flow in pp with jet particle rejection - pr dependence

ATLAS-CONF-2020-018
S\I— i LI D I | I LI N | I LI N | I LI D I | I LI N | I LI N | I I D I | I LI D I | i q) LI N | I LI D I | I LI N | I LI N | I LI N | LI D I | I LI N | I LI N |
Q ~ ATLAS  Preliminary Template Fit 3 i [:] _
=' [ ppVs=13TeV, 64 nb" - O ., B
0.3~ - o 14
- 2<|Ani<5 O.5<p;<5 GeV - > i )
[ 60=N*"<150  0<Niy <20 . @ | )
0.o[- ®Inclusive OAllEvents [INoJet _' E I )
I - %’ 1.2 _
0.1~ Soasua 1 2 1 —
A === < D - O O
_ = [ - +— i ] -
- == ® _ © qH=
- 0 - as 1 -5 .DDDDD_DI_ZIEIY ________________________ —
o e e — 01==
' ® i - _
I I | v 0 I I I L1 I I I L1 I I I
0 1 2 3 4 5 6 / 8 0 1 2 3 4 5 6 / 8
p? [GeV] p? [GeV]

30


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-018/

Flow in pp with jet particle rejection - jet threshold

ATLAS-CONF-2020-018
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Flow in UPC - details of the CGC calculations

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2018-27/
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Q¢? - saturation scale
Bp2 - controls the
transverse area of the
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Flow in UPC - pure photonuclear MC

Without (left) and with (right) non-flow subtraction

arXiv:2101.10771
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ATLAS detector
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= And forward detectors located far far away from the interaction point ZDC (140m), AFP & ALFA (~240m)
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