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ATLAS Heavy lon Data Summary

System Year \/Snw [TeV] Lint
Pb+Pb 2010 276 7 ub-t
Pb+Pb 2011 2.76 0.14 nb-1
op 2013 276 4 pb-t
0+Pb 2013 5.02 29 nb-"
op 2015 5.02 28 phb-1
Pb+Pb 2015 5.02 0.49 nb-1
p+Pb 2016 5.02 0.5 nb
0+Pb 2016 8.16 0.16 pb-
Xe+Xe 2017 5.44 3 ub
op 2017 5.02 270 pb-
Pb+Pb 2018 5.02 1.76 nb-1
Pb+Pb 2023 5.36 1.71 nb-1

Runi

Run2

Run3

Reference pp Pb+Pb
accumulated Lint accumulated Lint
I 276
300 pb-1 2.3 nb-1

Expected Pb+Pb

from 2024 runs from 2024 runs



\\ Probing QGP with penetrating particles

- Jet modification and medium response
- Heavy flavors

- Hard-soft correlation

TN Understand the initial state

* Role of fluctuating geometry
- Color fluctuation in nucleons
- Nuclear modification of PDF

Exploring novel physics in UPCs

- Collectivity in UPC
- Tau g-2

EXPERIMENT

- Magnetic Monopole



Penetrating probes of QGP



R-dependence of dijet asymmetry arXiv.2407.18790

---------
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https://arxiv.org/abs/2407.18796

R-dependence of dijet quenching arXiv:2407.18796

L S L P S A R -
- e - ATLAS pp 255pb” |s,=5.02 TeV E
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R\ (PT1) = e YETI: " e :
’ b 0.5F -
Lpp J0.32xpT11 dPT.1dPT.2 de’2 0.4k E
O. 3_ . anti-k, R=0.2jets 3
5 z 025_ —@— Data leading jet —e— Data subleading jet _g
- == | BT leading jet —— LBT subleading jet =
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Leading jet pr
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.. SRR JETSCAPE
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0.6~ === JETSCAPE leading jet ----- JETSCAPE subleading jet |
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https://arxiv.org/abs/2407.18796

Jet substructure PRL 131 (2023) 172301

PRC 10/ (2023) 054909

x 7

2 2
\O 1+ Ay,
‘&4
Recluster &
- soft drop
Casalderrey-Solana et al. |
PLB 725 (2013) 357 Update -
‘ ’ constituents with min(pr,;, Pr2)
particle flow alg. P11t P12

+ Color decoherence can be study via hard splitting angle dependence of jet quenching

- Two measurements extracting opening angles between hard splittings In jets at complementing values

Qipeng Hu (USTC)


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.172301
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.107.054909
https://linkinghub.elsevier.com/retrieve/pii/S0370269313006102

Jet substructure — cont. PRL 131 (2023) 172301

PRC 10/ (2023) 054909

x 7

substructure opening angle dependence Jet pr dependence
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Decoherence angular scale (0.1 ~ 0.2) observed in both large-R jets and groomed R=0.4 jets:
significant larger energy loss above the scale

Jet energy loss Is most directly correlated with the jet substructure not jet pr

. Monday 2:20 PM
Qipeng Hu (USTC) Martin Rybar


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.172301
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.107.054909

Photon-tagged Jet ATLAS GONE 2025008

25 <5 . Pb+Plb 0-1 (l)% o ATLAS Prellmmary
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4E = : T
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: LIDO (u=1.3-1.8xT) Pt
SCET, (g=1.8-2.2)
- o CoLBT ©
- mms JEWEL 8
- | jet,2 o
; I ¥y pT 3
- ':' = pT %
Rmcluswe jet 3 | | JV £
o
0-8 .1....|TTT??TTTTT""T T L
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Jet P, [GeV] AJJy
. Lo . . . : : - —1et y pinclusive jet
Photon-tagged jets: avoiding jet selection bias and enhancing quark jet fraction; R} Af /R1 usive §

orovides an important constraint for various models

Photon-tagged multi-jet: complementing the previously shown dijet and jet sulbstructure studies

: Wednesday 9:00AM
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https://doi.org/10.1016/j.physletb.2023.138154
http://cds.cern.ch/record/2854837

Jet-induced diffusion wake arXiv:2408.08599

Lost energy = hydrodynamic
evolution diffusion wake 51.08E ATLAS 6_5;-;”-;6_-65._;. e I AN
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: Wednesday 9:20AM
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https://arxiv.org/abs/2408.08599

PLB 80/ (2020) 135595

Heavy flavor prObe of QGP PLB 829 (2022) 137077

PRL 132 (2024) 202301
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0 _ﬁmmuu—@—@_gd ___________________________ i . . . o
AN T, - Single heavy flavor production is strongly modifieo

S 10 15 20 25 30
pr [GeV Azimuthal correlation of heavy flavor pairs may be distorted by scatterings in the medium,

characterized by centrality dependence of away-side width

No significant broadening compared to pp collisions and NLO generator without QGP

Qipeng Hu (USTC) Tuesday 2:00 PM 19
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https://linkinghub.elsevier.com/retrieve/pii/S0370269323004057
https://www.sciencedirect.com/science/article/pii/S0370269322002118?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.202301

Jet-UE correlation PRL 131 (2023) 162301

PRC 105 (2022) 064903

x 7
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In pp collisions:

Jets do not affect UE collectivity
Jet-fragment particles do not exhibit collective behavior

In Pb+Pb collisions: jets have significant elliptic flow from path-length dependence of energy loss

. Monday 2:20 PM
Qipeng Hu (USTC) Biair Seldlitz

12


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.162301
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.064903

Jet and Jet-particle vh In Pb+Pb
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PRC 105 (2022) 064903

x 7

ATLAS-CONF-2023-007

- Similar pt and centrality dependence of

jet and charged-

- Jetvs >0, while
particle va ~ O

particle vo

Nigh pt charged-

Monday 5:10 PM
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.064903

Credit: D. Dominguez/CERN



Disentangling sources of initial fluctuations arXiv:2407.06413

, o ~ 0EF
Understand roles of fluctuations in initial <09 g . -
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https://arxiv.org/abs/2407.06413
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Disentangling sources of Iinitial fluctuations — cont.
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05<p <5 GeV, hql<25 ]

o Pb+Pb 5.02 TeV, 470 ub™' ]
= Xe+Xe 5.44 TeV, 3 ub'

(b)

|__|||||:|||||

hE ul!"

' Model, Pb+Pb .
O+ =-=Geometrical -

— Geometrical+Intrinsic (d) _

12 13 140
Nch/Ngh/o

Qipeng Hu (USTC)

arXiv:2407.06413

A phenomenological 2D Gaussian
fluctuations predicts the trends well
(R. Samanta et al. Phys. Rev. C 109
(2024) LO51902)

Monday 4:50 PM
Tomasz Bold
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https://arxiv.org/abs/2407.06413

DII et iﬂ p+ Pb PRL 132 (2024) 102301
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https://link.aps.org/doi/10.1103/PhysRevLett.132.102301

UE vs. nuclear break-ups in p+Pb ATLAS-CONF-2024-013

Zero-Degree Calorimeter (ZDC)

SR e =
n > 8.3, break-up neutrons from nucleus = 10 TR S T L T T e e e e e L
= - o _
0 g 80 e, -
> — o . ~
2 60— -
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Q1 QZ Q3 D1 TAN DZ QLI' § :' —— + } } } } — } } } } — !l } } } } — :
| Wl JoL [ TR Constant Fit Result: 5.77 £ 0.25
. A 1

Forward Calorimeter (FCal) iL.‘)/g' I T +*##**:y,v*
. o O | - 5— —
3.2 < n <4.9, underlying events activity = SRR S
107 2x107° 1072 2x1072 107" 2x10™ . 1

P

Decreasing UE energy and break-up neutrons with increasing xp

UE is more sensitive to the change in xp

Qipeng Hu (USTC) Matthelzc)ﬁc?;pesch 18



UE vs. nuclear break-ups in p+Pb — Cont. ATLAS-CONF-2024-013
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Correlation between UE energy and break-up neutrons becomes weaker with increasing xp

Scaling of UE energy and break-up neutrons at low ZDC energy, fluctuation of break-ups when UE
energy saturated

Offer a new approach to exploring hard-scattering biases in UE based centrality classifications and
biases in modeling nuclear break-ups

. P
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Nuclear modification of parton distribution function
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Top palr in p+Pb

arXiv:2405.05078
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. Extrapolated Rp+pp is consistent with unity; NNNPDF overestimates of 1t Rp+po
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Patrycja Potepa

Monday 2:20PM
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https://arxiv.org/abs/2405.05078

Jets in photonuclear UPC
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arXiv:2409.11060

| | | 1 |
ATLAS
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Any > 2.5, AnA <3
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jets
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- Systematic Uncertainty N
Quadratic Fit
K. J. Eskola et al. (Woods-Saxon) |
K. J. Eskola et al. (Point-Like) 7]
L1 L1 |
107° 107

After years of detailed studies, we now confidently understand the basic properties of photonuclear

UPCs with jets:

Achieved well-modeled rapidity gaps that allows us to separate direct from resolved

Measured break-up corrections to enable direct model comparison

Qipeng Hu (USTC)

Extended jet pt down to 15 GeV while keep control over systematic
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Jets in photonuclear UPC — cont.

Theory / Data
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arXiv:2409.11060

Mljets

_ jets . — +Yjets 2
Zi: VSNN SNN Miets = ZEi L
, _lln(ZiEi‘tZiPZ)
. , , jets = "
Ratio between measured precise 3D cross-sections 2 \XiEi— 2ipz

and predictions with different nPDF fits, while
uncertainties of the photon flux not included:

nCTEQ15 WZ+SIH
NNNPDF3.0
EPPS21

TUJU1

NCTEQ results typically agree best. At higher Hr, the data typically agree
well with TUJU

NNNPDF overpredicts the cross sections at high Hr and xa

Wednesday 12:10PM
Benjamin Gilbert
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FD

Exploring novel physics in UPCs




v, and (pr) in photonuclear interactions ATLAS. CONF-2025-056
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v (P+Pb)> v, (7 +Pb)  (pr) (7 +Pb) ~ (pr) (p +Pb) photonuclear jet analysis
Could be understood as different longitudinal decorrelation and similar radial flow in the hydro picture
(Zhao et al PRL 129 (2022) 252302)
‘,l'l. However, direct and resolved processes should be studied separately and it becomes possible
TN N
: Wednesday 11:10AM
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.104.014903
http://cds.cern.ch/record/2871729

T anomalous magnetic moment via yy — 17 A

Ph Pb
ATLAS Pb+Pb |5 = 5.02 TeV, 1.44 nb™ |
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Study (low-energy) taus for the first time in nuclear collisions
No nuclear breakup required using ZDC to suppress hadronic background

Constraints on ar extracted from the interaction strength is competitive with
those observed at LEP (DELPHI)

: Wednesday 11:10AM
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151802

Magﬂetic mOﬂOpO‘eS Via }/}/ — MM arxiv:2408.11035
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Magnetic monopoles via the Schwinger mechanism in UPCs. First ATLAS analysis
using Run3 heavy ion data

3 events in SR, consistent with background estimate (4 + 4)

Better limits compared to dedicated MoEDAL experiment (Nature 602 (2022) 63),
achieve up to x8 improvement at masses below 120 GeV

: Wednesday 11:10AM
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https://arxiv.org/abs/2408.11035

Run3 new L1 track trigger
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Newly commissioned TRT trigger (L1 track trigger running at
MHz level!)
_et us accumulate large UPC sample with various track
multiplicities for exclusive J/i and other hadron spectroscopy
researches

Qipeng Hu (USTC)
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Where we are heading

\\ Probing QGP with penetrating particles

Precision and differential results to constrain
model in order to extract underlying physics

-----
4 ~
L 2

Understand the initial state

New observables to test different
effects/models

______

Exploring novel physics in UPCs

Expand the scope of the physics program
and foster strong collaboration with the
broader community
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Phase-l| ATLAS

Improved muon coverage new and upgraded forward
and luminosity detectors

trigger and DAQ
increased readout rates

An upgraded ATLAS ( > 2030s)
- High-granularity, high-coverage tracker (2.5 — 4.0)
- New ZDC (same as CMS Phase-Ill ZDC)
» High-granularity timing detector

+ Replaced muon chambers

- New and upgraded forward and luminosity detector

+ Improved trigger, high-performance software &
computing, deeply embedded machine learning

ITk — the new all-Si tracker

new High-Granularity
Timing Detector (HGTD)

Qipeng Hu (USTC) 30



ATLAS contributions at HP 2024

Monday 2:00PM Radius dependent jet quenching measurements from ATLAS Anne Sickles
Monday 2:20PM ATLAS measurements of soft-hard correlations and anisotropy decorrelations in pp collisions Blair Seidlitz
Monday 2:20PM Jet substructure measurements with small and large radius jets with ATLAS Martin Rybar
Monday 2:20PM Top quark pair production in Heavy lon Collisions with the ATLAS experiment Patrycja Potepa
Monday 4:50PM Investigating initial state of heavy-ion and pp collisions using [pT] fluctuations and vn — [pT] correlations in ATLAS Tomasz Bold
Monday 5:10PM chﬂsre;sl%/evrlgeﬂtﬁftﬁéilfz\vﬁgeg ,g/;/feoctlfgfy of High Transverse Momentum Charged Particles in Pb+Pb Collisions using Multi-particle Xiaoning Wang P a ral Iel Tal ks
Tuesday 2:00PM Measurements of heavy-flavor azimuthal correlations and b-jet suppression in 5.02 TeV Pb+Pb collisions with ATLAS Soumya Mohapatra
Wednesday 9:00AM Jet quenching and medium response using photon+jet events in ATLAS Dominik Derendarz
Wednesday 9:20AM ggfergglrvg for jet-induced diffusion wakes of quark gluon plasma via jet-track correlations in heavy ion collisions with the ATLAS Yeonju Go
Wednesday 11:10AM Results on photon-induced processes in ultra-peripheral Pb+Pb collisions with ATLAS Mateusz Dyndal
Wednesday 12:10PM Measurement of dijet production in ultraperipheral Pb+Pb collisions with ATLAS Benjamin Gilbert
Observation of top-quark pair production in heavy-ion collisions in the ATLAS experiment Patrycja Potepa
Jet radius dependence of dijet momentum balance and pair nuclear modification factor in Pb+Pb and pp collisions with the ATLAS detector Anabel Romero Poste r‘s
Probing initial state effects in nuclear collisions via dijet and spectator neutron measurements with the ATLAS detector Matthew Hoppesch
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All ATLAS HI public results: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults
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