»

ATLAS  Qverview of the ATLAS results on
jet quenching

Dominik Derendarz
February 23,2021



Heavy ion collisions - QCD laboratory

Standard Model of Elementary Particles Schematic OCD phage diagram

three generations of matter interactions / force carriers
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Heavy ion collisions - QCD laboratory
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Heavy ion collisions allows to reach high enough temperature to
trigger the phase transition to QGP (for about few fermi or few 1023 5)



Signatures of QGP formation

Collective phenomena

» Initial spatial anisotropy is
converted to momentum
anisotropy of final state particles



Signatures of QGP formation

Collective phenomena Jet quenching

g

Initial spatial anisotropy is » Energy loss of high pT patron due
converted to momentum to the interactions with the QGP

anisotropy of final state particles medium



Bare eye jet quenching from 2010

ATLAS

Run: 169045
Event: 1914004
Date: 2010-11-12

&) Time: 04:11:44 CET
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ATLAS detector

Tracker || < 2.5 Calorimeters

nl <4.9

Tile barrel Tile extended barrel

LAr hadronic = o O
end-cap (HEC) i

LAr electromagnetic

sl

End-cap semiconductor tracker

 And forward detectors located far far

away from the interaction point ZDC
(140m), AFP & ALFA (~240m) -

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker



Heavy ion datasets

Runi

Run2

System Year sqri(snn) [TeV] Lint
Pb+Pb 2010 2.76 / b
Pb+Pb 2011 2.16 0.14 nb
op 2012 8 19.4 b
pp 2013 2.76 4 pb
p+Pb 2013 5.02 29 nb"
pp 2015 5.02 28 pb
Pb+Pb 2015 5.02 0.49 nb"
p+Pb 2016 5.02 0.5 nb
p+Pb 2016 8.16 0.16 pb
Xe+Xe 2017 5.44 3 1b
op 2017 5.02 270 pbT
Pb+Pb 2018 5.02 1.76 nb

For Run3 (2022-2024)
expected:

~6nb1 of Pb+Pb
p+Pb ~XnbT

Short pilot run with
0+0 and p+0



Centrality of heavy ion collision

arXiv:1204.1409 [nucl-ex]
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Centrality of heavy ion collision
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Jets in vacuum

Jets: collimated showers of energetic particles
that carry a large fraction of the energy available
in the collisions

* InTheory: jets are proxies for
hard-scattered partons

* In Experiment: jetis what
your jet-finder gives you

Quark or gluon /(6
inside of nucleon 0

/
. . Quark or gluon

inside of nucleon
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Jets in the medium

Jets: collimated showers of energetic particles
that carry a large fraction of the energy available
in the collisions

InTheory: jets are proxies for
hard-scattered partons
?|
In Experiment: jetiswhat /' g% oo 2
. . . i l,. t :Q‘
your jet-finder gives you 099, 5
N a2 Interactions of medium and
:’,/:\ ’ '.. «., ;. . i
S/ = colored probe: elastic
o Y\ % : : .
[T 5> X6y —Yg=t-s scattering, medium induced
Quark or gluon LS o radiation, "drag force’,
inside of nucleon ALY medium excitation ?
. Initial cross-section unchanged
4 Quark or gluon by presence of medium (modulo
inside of nucleon

change in nPDF)
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Jets reconstruction - ATLAS heavy ion style
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Jets reconstruction - ATLAS heavy ion style

A <pre / thruth>

arXiv:1805.05635 [nucl-ex]
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Inclusive jet spectra




Inclusive jet spectra

arXiv:1805.05635 [nucl-ex]
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Nuclear modification factor Raa

Scaled Pb+Pb

Reference p+p

Where nuclear overlap function <Tpa>

(TaB)t = (Neol)t/Tinel
calculated in the Glauber MC approach (arXiv:nucl-ex/0701025)
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https://arxiv.org/abs/nucl-ex/0701025

Calibration of the Taa scaling

arXiv:1910.13396 [nucl-ex]
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Probes that are not interacting with the QGP
medium (W, Z, y) follows the <Tpa> scaling.
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https://arxiv.org/abs/1910.13396

Jets RAA

arXiv:1805.05635 [nucl-ex]

Q::E ATLAS Ialnti-kt R =0.4jets, s, =5.02 TeV
oo IF”
P =
LK. EE'—T— I |
¢ ] +
L e
i K3
= - KX | | 1
¢ $ ) a | w | + + ? [ ]
[&] _[w
00 111 -
vyl <28 = -10-10%
2015 data: Pb+Pb 0.49 nb™, pp 25 pb™" [ 28 : ggof
| “.“D.“-.AA? almld Iuminosityluncer.l | * 60 '.70.0/:’ .
40 60 100 200 300 500 900
p_ [GeV]

Significant suppression of jets production
in the entire kinematic range
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https://arxiv.org/abs/1805.05635

Path length dependent energy loss

Observables:
* Dijetasymmetry

« Jetv,

20



Dijet asymmetry

Balanced pair of jets produced near
the centre of the collisions zone

Py

pr
Unbalanced pair of jets produced
near the edge of the collisions zone

Py
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Dijet asymmetry

Balanced pair of jets produced near
the centre of the collisions zone

ATLAS-CONF-2020-017
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1 Important for understanding effect of geometry on jet quenching
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-017/

Photon-jet asymmetry

pr¥

Photons and Z's can help to calibrate
the parton energy, however:

» Flavour fraction differs compared
to dijets

» Rare process compared to the
dijets production
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Photon-jet asymmetry

pr¥

Photons and Z's can help to calibrate

the parton energy, however:

» Flavour fraction differs compared

to dijets

» Rare process compared to the
dijets production

U

(1/N,)(dN/dx )

OO0O00O =—=—=—a N

Important for understanding effect of
geometry on jet quenching, calibration

of energy loss and flavour composition.

NAOOLNDDONN

lllllllllIllllllllllllllllllllllllllll

ATLAS
pp 5.02 TeV, 25 pb™
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arXiv:1809.07280 [nucl-ex]

0-10%

lllr

2040608 1 1.21.41.61.8

X
(X3, = pr'/pr) 5

ul

o

24


https://arxiv.org/abs/1809.07280

Jetvn

arXiv:1808.03951 [nucl-ex]
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n=6 E
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2 3456 10

20 30 60
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Vn coefficients of charged
particles measured to great
precisions up to pT ~40 GeV

25


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-019/
https://arxiv.org/abs/1808.03951

Jetvn

ATLAS-CONF-2020-019
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A £ onaf o @Ef{fiﬁf{;ﬁff .1 measurement of the jets
2| <P <1V 1wt collision geometry
e o 1 this varies the amount of
QGP that the jet sees

0.12F
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-019/

Jetvn
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Jet structure




Fragmentation functions

How do the particles in the jet carry its momentum?

1 a’nch
D(z) =
) A’jet dz .
z = prcosAR / pr.
1 a’nch
D =
(p1) Now dpr
. Shower in medium
Rp(pr) =

D(pT)pp Shower in vacuum
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Jet structure

Enhancement in the low
and high pT fragments

Suppression of the
moderate pT fragment
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https://arxiv.org/abs/1805.05424

Jet structure

0.5
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]vjet dp T
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arXiv:1805.05424 [nucl-ex]
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» Not much modification in the core of the jet
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Jet structure
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» Peripheral collisions approach vacuum like

fragmentation patterns
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Jet structure

1 dnch
]Vjet dp T

D(pr) =

arXiv:1805.05424 [nucl-ex]
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Parton color-charge dependence of jet
quenching
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Future measurements
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Jets substructure

Do jets with different structure
ose enerqy differently?
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https://arxiv.org/abs/1210.7765
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-056/

Jets substructure

arXiv:1210.7765 [hep ph]

Do jets with different structure
ose enerqy differently?

Large R jets - ATLAS way

ATLAS-CONF-2019-056
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Jet quenching in lightions collisions

Measurements of p+Atype of collisions at LHC and RHIC left us with
unresolved problem: how to connect soft QGP with lack of modification
in the hard sector?

e.g. large heavy flavour v, but Rpa ~1

00 is a symmetric system about the size of pPb

arXiv:2007.13754 [hep—ph] proposed [181 2_06772] PbeS’P,be 30_500/3
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Quenching of b-jets

The dependence of quenching on the type of
parton that initiates the jet may provide insight into
the underlying dynamics
» Type of parton that initiates the jet is difficult to
determine experimentally
» Machine learning techniques used in
experiments to identify b-jets

A hint of the difference in the di-b-jet asymmetry

——> tracks bjet
______ b hadron \
------ Impact
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4y secondary
vertex

\ 7'§mary vertex

arXiv:1802.00707 [hep-ex]
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Summary

Using high statistics LHC data and new techniques bring us to era of precise measurements
of jet quenching in heavy-ion collisions

* Raaforinclusive jets measured to very high precision

» Measurement seams to support picture of path length dependence of energy loss

» Detailed studies of the modification of the fragmentation patterns for the quenched

Jets

We still need new measurements

Fach observable is sensitive to d

ifferent aspect of probing the QGP

Some observables are statistics

More details on

ungry - looking forward for more data

ATLAS public results page:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults
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