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introduction

we use hard probes to learn about QGP
large systems: Pb+Pb, Xe+Xe
» what phenomena are driving jet quenching?
sub-structure? QCD color charge? quark flavour?
» how do azimuthal anisotropies fit into this?
small systems: p+Pb, pp
» what is the origin of flow?
> are jets modified?
» how are quarkonia formed?
e UPC
» technically Pb+Pb, but more interested in v+~ or v+ Pb
> impact parameter for photon flux
» nuclear PDFs

all ATLAS results
=> https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults
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large systems: Pb+Pb, Xe+Xe

ATLAS

EXPERIMENT

Pb+Pb, 5.02 TeV

Run: 366011

Event: 999067412
2018-11-15 22:59:24 CEST
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Py = 420.1 GeV
Pt = 289.7 Gev
SEl = 3.74 Tev
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1
e pp B0-10% =40-60%

s, A -

- : AX EaTLas E

o di-jet pr imbalance shown before 215 5sthorms 2.2 E
subleading ; leading —|_& _Fpp260pb 1

o Xy =pp /pT Z 3-100<p, <112 GeV E

o development of a peak at x; ~ 0.67

anti-k, R =0.4

\Syn = 5.02 TeV
P

0.? 04 05 06 07 08 0?

whon b1

X

- talk by Martin Krivos, Tuesday, 9:40
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jet quenching & di-jet imbalance

o di-jet pr imbalance shown before

___subleading , leading
® XJ=Pr /Pt

@ balanced di-jets are more suppressed
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@ in Xe+Xe, the results are consistent to Pb+Pb
o if considering the same energy in forward calorimeter
@ and if correcting for higher center-of-mass energy

- talk by Martin Krivos, Tuesday, 9:40
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jet quenching Wlth Su bstructu re arXiv:2211.11470, arXiv:2301.05606

o the anti-k; jets (R=0.4) are re-clustered with Cambridge—Aachen algorithm
o used soft-drop to identify
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- talk by Martin Rybar, Tuesday, 11:50
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jet quenching Wlth Su bstructure arXiv:2211.11470, arXiv:2301.05606

o the anti-k; jets (R=0.4) are re-clustered with Cambridge—Aachen algorithm
o used soft-drop to identify
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- talk by Martin Rybar, Tuesday, 11:50
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jet quenching with substructure

o

o large anti-k; jets (R=1.0) made

from smaller anti-k; jets (R=0.2) 1o

o classify jets based on the
hardest splitting:

> /dio = min(pr,1,pr,2) - AR12
> AR = 4/AyZ, + A¢3,

» SSJ = single sub-jet

@ sub-jets “farther” away

arXiv:2211.11470, arXiv:2301.05606
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photon—+jet quenching
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o ~-tagged jets are less suppressed

> inclusive jets have steeper falling spectrum

» isospin and nPDFs
» color charge
Petr Balek

arXiv:2303.10090, ATLAS-CONF-2023-008

o ~-tagged jets are predominantly quark-jets

c ———————————r
£ ,[ ATLAS Simulation Vs=502Tev |
< F anti-k; R = 0.4 jets 7| <2.8 o
w 4
z 08 1
i ““*f;*i i *
: $ :

Y 3 1
O o6l

L ‘J‘}d}‘{}ﬁ}“ﬂ}‘{? i
q 04l W
By Inc. jets y-jets

o~ -& PYTHIAS
PY>50GeV, | <237 ¢ —+ SHERPA
Aq;(v jet) > 7108 -85 & HERWIG |

‘
100 150 200 250 300
Jet p‘T"“'1 [GeV]

0.2 |- For y-tagged jets

o°

- talk by Christopher McGinn,
Wednesday, 9:00
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photon—+jet quenching

AA

2018 Pb+Pb 1.7 nb™, 2017 pp 260 pb”™, |5, = 5.02 TeV
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o ~-tagged jets are less suppressed

> inclusive jets have steeper falling spectrum

» isospin and nPDFs
» color charge
Petr Balek
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arXiv:2303.10090, ATLAS-CONF-2023-008

o ~-tagged jets are predominantly quark-jets
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photon—+jet quenching

2018 Pb+Pb 1.7 nb™, 2017 pp 260 pb?, sy = 5.02 TeV
e e R A A
o 12[ ATLAS
C antlk R =04 jets
|<28

;

0.8

0.6
: W::‘—P -
04— 3
b For y-tagged jets [PLB 790 (2019) 108] ]
02— p} >50GeV, || < 2.37 o Inclusive jet - Vet -
L Aglyjet) > 718 0-10% 0-10% ]
ol v v L 1]
50 100 150 200 250 300

Jet P, [GeV]

o ~-tagged jets are less suppressed

arXiv:2303.10090, ATLAS-CONF-2023-008

o radiative energy loss depends on the color charge

@ extract Sjes

> inclusive jets have steeper falling spectrum

» isospin and nPDFs
» color charge
Petr Balek
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P h oton +J et quenc h in g arXiv:2303.10090, ATLAS-CONF-2023-008

o study jet quenching with respect to ~ 5 508,;%;%‘046%‘ AT Preiminary
. . . .0, -t

o what if there are more recoiled jets? T =R [ B oy P 260 b
» this could complicate the interpretation og T UEWELPIPD (x1.2) 904{ jé’gé‘:xi
of the measurement ' 30<p, <501 GeV
. . . antl k R =0.2 jets |
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> di-jet system in the opposite direction than ~ ]
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Pb+Pb/pp
\\rl‘\\rl_;—r\r\‘\w\‘\\\‘

g
q 05
- talk by Christopher McGinn, T s
Wednesday, 9:00 Xy
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P h oton —|—_] et quenc h in g arXiv:2303.10090, ATLAS-CONF-2023-008

@ study jet quenching with respect to ~ Sl F e-PbsPb 0-10%  ATLAS Preliminary
: - - 513 = pp 2018 Pb+Pb 1.72 nb " |

o what if there are more recoiled jets? A2 [ wmJEWEL pp (x1.2) 2017 pp 260 pb™
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- talk by Christopher McGinn,
Wednesday, 9:00
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b-jets in Pb+Pb

@ b-jet identified by a presence of a muon
@ unfolded to correct also for a missing neutrino

@ in central collisions, b-jets less
suppressed than inclusive jets by ~20%
@ in peripheral collisions,
suppression is comparable

@ b-jets have similar
suppression as y-jets
but the quark-/gluon-jet fraction
is similar to inclusive jets

- talk by Sebastian Tapia Araya,
Wednesday, 10:50
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arXiv:2204.13530, ATL-PHYS-PUB-2023-009
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T(nS) in Pb+Pb arXiv:2205.03042

o 1.4 ATLAS
L pp, s=5.02TeV,L=0.26fb*

1.21 Pb+Pb, |5, =5.02 TeV, L=1.82 nb*
[ Iy"|<1.5, Cent. 0-80 %

14 1.4} ATLAS
L pp, 's=5.02TeV,L=0.26fb"

1.21 Pb+Pb, \s ., =5.02 TeV, L=1.82 nb™*
|y |<15 p <30 GeV

mu‘huh
5 DT

T iy bu et - T bueral TS
—m— Y(2S) 1Y(@s) ] [ -=Y(29) y@s) ]
—— Y(2S+3S) 1 Y(2S) — 08— —&— Y(2S+3S) Y(@2S) —
L [ Y(25+3S) ] C [ Y(2S+3S) ]
0.6 n 1 osf ]
0.4F E 0.4F 3 -
g % CED! oo ] nn-_—
0.2F OR 0.2F ]
:mmmmmmmmmmm 1 01‘Hm‘J\HH\HH:\HH\HHM:
50 100 150 200 250 300 350 400 0

HU

I:NpanD P [GeV]

@ using T — pp channel
e measurement of T(nS) in Pb+Pb shows suppression for all states
@ suppression combination of energy loss and Debye screening

- talk by Zvi Citron, Tuesday, 14:00
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azimut h a | anisotro py arXiv:2111.06606, ATLAS-CONF-2023-007
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- talk by Xiaoning Wang, Tuesday, 15:00

Centrality
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charged hadron production

o ATLAS final words regarding charged hadron production

in pp, p+Pb, Pb+Pb, Xe+Xe

. . x
precise measurement In 4 systems 15

R

» consistent with measurements
of jet Raa and jet
fragmentation functions

o Pb+Pb Raa changes
slope at pr =~ 100 GeV

@ Xe+Xe Rpa shows the same
trends as Pb+Pb at
pr < 100 GeV

Petr Balek

opb = 1.14709% (syst.) in 0-90%

arXiv:2211.15257
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small systems: pp, p+Pb

Di-photon event
p+Pb \/Syn = 8.16 TeV
1, =36.7 GeV, 1 = 0.96, ¢1 = 0.21
=34.2 GeV, 7, = 1.68, ¢ = -2.91
> ERP =19.9 GeV

g; EXPERIMENT

Run: 313100
Event: 369734588
2016-11-19 00:22:17 CEST
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strong constraints on jet modification arXiv:2206.01138

@ in p+Pb collisions, there is no jet quenching
@ maybe some jet modifications are hidden under the surface

g p ‘ o
S L ] 4
- [ ATLAS pp. <8 Ap,  >T7m8 o ATLAS
1.3F chijet + e jet 4 o -
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4 567810 20 30 40 4 567810 20 30 40 5x107 1 2 345 10 20
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o lppp = (tracks per jet in p 4+ Pb)/(tracks per jet in p + p) pPb/pp: jet-hadron
@ small enhancement in the near side of the jets (~ 5%) PbPb/pp: Z-hadron

@ consistency with unity in the opposite side of the jets

» very small energy loss of the partons
» different story than seen in Pb+Pb - talk by James Nagle, Thursday, 10:20
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d IJ ets in p+ P b ATLAS-CONF-2023-011

o detailed study of di-jet production in p+Pb
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o “apparent” jet suppression, no jet quenching

- talk by Riccardo Longo, Wednesday, 9:40
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two particle correlations with jets in pp collisions

@ non-zero flow even in pp collisions

« SN — « et
> [ amas ON"A50 | T [ ATLAS 0.5<p2°<4 GeV ]
0.3~ pp (s=13 TeV, 15.8 pb” 0.5<pi<4 GeV ] [ pp Vs=13 TeV, 15.8 pb” 1
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[ h'En’ P >40 GeV 1 ol hEn’ pC >40 GeV B

o1l A B [ - e w e e e
A ] - : r 4

3 @ @ f r R

: %:‘ N : 07 77777777777777777777777777777777777777 —
T T TN T 8 , ]

E | | | L | | | L L | L L

0 1 2 3 4 5 6 7 8 0 20 40 60 8 100 120 140

P2 [GeV] Neee

@ inclusive h-h correlations are non-zero
» hVE_hUE correlations follow the same trend
» presence of a jet in the event has very little impact

o hUE_hJet is consistent with zero

o defactorization of soft and hard processes in pp 5 talk by Brian Cole, Tuesday, 10:00
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T ( n S) I n pp ATLAS-CONF-2022-023
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@ measurement of T in pp collisions with high pile-up [ pp, 13TeV, 139 fib* e ]
. 50 .
o using T — pp channel i ]
@ precise subtraction of pile-up and separation of UE i 1
L : C . 40t .
@ with increasing multiplicity (i.e. UE particles), i .
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with respect to the ground state T(1S) 30¢7-, PR s 5
-
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- talk by Zvi Citron, Tuesday, 14:00
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Y — Kg arXiv:2207.12781, arXiv:2011,12211

o learning about photon flux in 4 with respect to the impact parameter

P P @ require no neutrons on either side
/w7 » i.e. Pb nuclei remain intact
oy e et o vy = pput
» SuperChic higher than data » STARIight lower than data,
et/ut/rt . .
» STARIlight lower than data depending on y,,,
Pb Pb =
% e | rooTTTT = 3 ' ;
% el L aTLAS PbPbiyy) — 1)
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ez Data 2018
— STARIight L 4
E ---STARIight onon | |
E s L 10— ]
Q1.5¢ ‘ 1 I ]
E - L
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- talk by Iwona Grabowska-Bold, Mee [GeV] o 1 p
vl
Tuesday, 14:20 0
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BS M phySiCS in U PC arXiv:2204.13478, arXiv:2008.05355

o Yy =TT ‘
. . OPAL 1998 e
» constraints of anomalous magnetic moment: 131998 e
— (g _ 2)7_/2 DELPHI 2004 =@t — ATLAS
H H Pb+Pb |[s,=5.02 TeV, 1.44 nb™
> non-zero due to higher order corrections . . "+ bt
» might be modified due to presence of BSM particles WITR e TTEMCL
pe-SR
@ similar limits on a, as DELPHI experiment S

» consistent with SM o R .05 o1
» ATLAS results can be improved with
more data in Run 3

. . . . . . 10'F
@ set exclusions limit for axion-like particles N o
ot - '

PrimEx

Exlsnng constraln(s fvom JHEP 12 (2017) 044

1/, [Tev~Y]

CMS yy— (2019) 134826]
107'F Beamqump ~ ATLAS ATLAS (this paper)
- talk by Agnieszka Ogrodnik, Tuesday, 16:50 AL R
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non-UPC di-muons

arXiv:2206.12594

5 8 ATLAS 118 ]
x 150 Pb+Pb 5.02 TeV, 1.94 nb™* a0 B
-+ zIs 0-5% 1t 10-20% ]
° Yy pT _ B} 1 :
» produced in 7y scattering, s il o SatignReco
. r ar O StarLight Gen 1
measured in non-UPC events Foe ' e . 1
P, [ L ]
0.5
> acoplanarity: . o ¢ 1F oW ]
a=1—|¢p1 — ¢|/7 r 0% e, it o ® ]
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> transverse momentum scale: ' uPC
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@ observed broadening of o and k| with centrality e 1
o depletion in small « and k; for central events s
. N
1

@ both can be described by theoretical calculations

0.005

a

- talk by lwona Grabowska-Bold, Tuesday, 14:20
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non—UPC di—muons arXiv:2206.12594
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- talk by lwona Grabowska-Bold, Tuesday, 14:20
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photo-nuclear di-jet production in UPC ATLAS. CONF-2022.021
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- talk by Benjamin Gilbert, Tuesday, 11:30 Pres o, w0 TE.
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summary

(*]

®© 6 6 o o

new results for jet quenching in Pb+Pb and Xe+Xe
> jet structure plays a significant role
» energy loss depends on color charge and quark flavour

vy up to high pr for jets and particles

detailed study of the modification of jet production in p+Pb
no correlations between tracks from jets and UE in pp
correlations between T and UE

better understanding of the photon flux in UPC

this year, expecting at least 2x more statistics than in results shown

these and all other ATLAS results

=> https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults
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list of ATLAS talks and posters
Martin Krivos Novel measurements of dijet quenching with ATLAS -

Brian Cole ATLAS measurement of the two-particle correlation sensitivity to jets in pp collisions Tue, 10:00
Benjamin Gilbert Measurement of dijet production in UPC with the ATLAS detector Tue, 11:30
Martin Rybar Jet quenching studies with new jet substructure and suppression measurements in ATLAS

Zvi Citron T(nS) meson production in Pb+Pb and pp collisions with ATLAS Tue, 14:00
lwona Dilepton production and BSM physics from photon fusion processes in UPC Tue, 14:20

Grabowska-Bold and non-UPC Pb+Pb collisions with the ATLAS detector
Xiaoning Wang Measurements of the azimuthal anisotropy of jets and high-p charged particles in Pb+Pb collisions with the ATLAS detector
Agnieszka Ogrodnik BSM physics using photon-photon fusion processes in UPC in Pb+Pb collisions with the ATLAS detector

Christopher McGinn  Exploring the QCD color charge dependence of jet quenching with photon+jet events in ATLAS

Riccardo Longo Investigation of initial state effects in p+Pb collisions at ATLAS via measurement of both top quark and dijet production Wed, 9:40
Sebastian ATLAS measurements of b-jet suppression and heavy-flavor

Tapia Araya azimuthal correlations in 5.02 TeV Pb+Pb collisions

James Nagle Strong constraints on jet modification in centrality-dependent p+Pb collisions by ATLAS

lvan Flow and transverse momentum fluctuations in Pb+Pb and Xe+Xe collisions with ATLAS:

Gnesi assessing the initial condition of the QGP [Pesier
Patrycja Potepa Observation of top-quark pair production with the ATLAS Detector poster
Martin Spousta Studies of large-R jets and their substructure in Pb+Pb and pp collisions with ATLAS poster
Aric Tate Dijet probes of the initial state in p+Pb collisions with ATLAS poster
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bonus slides

a.k.a. back-up slides
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jet quenching & di-jet imbalance
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Petr Balek ATLAS Experimental Highlights 27 March 2023 26 / 24



jet quenching with substructure
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