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Dimuon channel.

* Using tracking system + muon spectrometer.
* Measurements of:

— charmonia and bottomonia production in 5.02 TeV pp, Pb+Pb, and p+Pb
collisions

— charmonia flow in 5.02 TeV Pb+Pb
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*Jhy and y(2S) in dimuon channel.
Py =9-40GeV, |y| <2,

Jsyn = 5.02 TeV.

likelihood fits in m,,, and pseudo-proper

*Yields from 2D unbinned maximum
decay time ~,
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* Prompt and non-prompt (from b-
decays) component separated.
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) Suppression of J/y in Pb+PDb

ATLAS

EXPERIMENT
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. * Similar suppression of prompt and non-prompt J/hy.
ﬁklﬁk - - -
Ran = (TAA) X Tpp *Large suppression in central collisions:
Ran ~ 0.2 -0.3 for p; =9 -40 GeV



) Suppression of J/y in Pb+PDb

ATLAS

EXPERIMENT

EPJC 78 (2018) 762

q L T | TTT | TTT | TTT | T TT | T TT | TTT | T TT | T TT | TT I_ E U-B_l T | T T T T | T T T T | T T T T | T T T T T T T T | T T T T _]
1.4 ATLAS . = - ATLAS ]
T PromptJiy Pb+Pb, [Syy = 5.02 TeV, 0.42 b | b 0.7 Pb+Pb, |5, =502 TeV, 0.42 nb” —
1.2 [ Centrality 0-80% pp, Vs = 5.02 TeV, 25 pb”’ ] = c Jhy |y < 2 -
. [ 9<p <40GeV HEE Correlated systematic uncer. | ‘E'- 06:_ + —:
‘];_ ..................................................................... l DE_ Dﬁz_ =+ T | _f
0.8 1 5 - f‘—_ﬁ+— :
i S o04af iﬁ =
0.6 ] 0.3f =
0 4: i - + Cent. 0-10 % 3
A & . E U.E:— + Cent. 20-40 % B
0.21- ] 0.1 % Cent. 40-80 % E
:|||||||||||||||||||||||||||||||||||||||: Dzlllllllllllllllll|IIII|IIII|IIII| :

0 02040608 1 12141618 2 10 15 20 25 30 35 40
ly| P, [GeV]

*No significant dependence of suppression on rapidity over |y|<2.

*No centrality dependence of non-prompt fraction.
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) Suppression of y(2S) In

PERIMENT
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* Prompt y(2S) suppressed by a factor of ~2 more than prompt J/.
(expected e.g. from different binding energies)

* Non-prompt y(2S) exhibits similar suppression as non-prompt J/p.
(expected e.g. from B-hadron decaying outside of the medium)
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... theory comparison

— mmm Color screening [Phys. Lett. B778 (2018) 384]
| -=-- Color screening [Phys. Rev. C91 (2015) 024911]
— I Energy loss [Phys. Lett. B767 (2017) 10]

Energy loss [Phys. Rev. Lett. 119 (2017) 062302]
o, = 20.6 GeV
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*Color screening versus
energy loss.

* Both of these different
mechanisms can reproduce
observed suppression, but
not in the full range of
measurement.

* More precision at high-p

should allow to discriminate
among mechanisms.



) Bottomonia signal in Pb+Pb

ATLAS

EXPERIMENT
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* Left: pp, right: Pb+Pb.
* Strong suppression seen by eye. Y(3S) not separated.



A@)S Bottomonia production in Pb+PDb
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 No significant p; and rapidity dependence.
*Y(1S) — similar behavior as prompt J/y.

* Expected ordering observed: Y(1S) > Y(2S) > Y(25+3S), consistent with theory
prediction based on color-screening.
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* Reference from measurement in pp collisions.

* Prompt Jhp and ((2S), cross-sections measured in pp collisions consistent with

NRQCD and FONLL predictions, respectively.
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) Charmonia production in p+Pb

EXPERIMENT
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A@ Bottomonia production in p+Pb
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*Y(1S) suppressed at low p; — suggestive of nPDF effect.
*Y(2S) and Y(3S) suppressed more than Y(1S) by 20 — 30%.
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» Z boson found to scale with N,

Y production exhibits similar behavior

as Z boson production.

* Events with highest activity exhibit 2c

departure from the linear trend.
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@ Charmonia flow in Pb+PDb

ATLAS

EXPERIMENT
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*V, using event plane method.

* Non-zero flow measured for both prompt and non-prompt J/yp.
* No significant p, centrality, and rapidity dependence.

14



@ Charmonia flow in Pb+PDb

ATLAS

EXPERIMENT
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*V, using event plane method.
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* Non-zero flow measured for both prompt and non-prompt J/yp.

* No significant p, centrality, and rapidity dependence.
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@ Charmonia flow in Pb+PDb

ATLAS

EXPERIMENT

EPJC 78 (2018) 784
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*V, using event plane method.

* Non-zero flow measured for both prompt and non-prompt J/yp.
* No significant p, centrality, and rapidity dependence.
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@ Charmonia flow in Pb+PDb

ATLAS

EXPERIMENT
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* Results consistent among LHC experiments exhibiting typical flow behavior.
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1939 Heavy Flavor:

ATLAS one selected result
PRL 124 (2020) 082301
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* Muons from heavy flavor decays, measured in 13 TeV pp collisions.
* u from charm: non-zero v,, similar to inclusive charged hadrons.

* 1 from . quark v, consistent with zero.

* Collectivity in pp does not persist to heavy b-quarks.
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) Summary of results

EXPEI!TMENT
* J/Psi elliptic flow in 5.02 TeV Pb+Pb EPJC 78 (2018) 784
* J/Psi and Psi(2S) production in 5.02 TeV Pb+Pb and pp EPJC 78 (2018) 762
* Quarkonia production in 5.02 TeV p+Pb and pp EPJC 78 (2018) 171
* J/Psi production in 5.02 TeV p+Pb PRC 92, 034904 (2015)

* J/Psi yields and observation of Z production in 2.76 TeV Pb+Pb  PLB 697 (2011) 294
* Measurement of Upsilon production in 5 TeV pp and Pb+Pb  ATLAS-CONF-2019-054

More results on open heavy flavor production and flow (not presented):
* HF muon flow in 5.02 TeV Pb+Pb PLB 807 (2020) 135595
* HF muon+hadron correlations in 13 TeV pp PRL 124 (2020) 082301
* R s and v, of muons from HF decays in 2.76 TeV Pb+Pb PRC 98 (2018) 044905

* D meson production in p+Pb collisions ATLAS-CONF-2017-073

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
https://arxiv.org/abs/1807.05198
https://arxiv.org/abs/1805.04077
https://arxiv.org/abs/1709.03089
https://arxiv.org/abs/1505.08141
https://arxiv.org/abs/1012.5419
https://cds.cern.ch/record/2698298
https://arxiv.org/abs/2003.03565
https://arxiv.org/abs/1909.01650
https://arxiv.org/abs/1805.05220
https://cds.cern.ch/record/2285811

Backup slides
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Landscape of the suppression
measurements

| ATLAS Preliminary E
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- + prompt J/ v, 0-80% (ATLAS-CONF-2016-109) m
°
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