Jets in heavy ion collisions with the
ATLAS detector

FUNDACAQ y
ORIENTE -
Dijet p+Pb event '
1
Run: 217946 ) )
Event: 13617174 4%, / f
Date: 2013-01-20
— W = . -
Fb - o
0
|

Helena Santos

LIP, FCUL

PANIC 2017, Beijing, 1-5 September, 2017

-




® Motivation

® Inclusive jet production

* Fragmentation functions

° Dijet and photon-jet asymmetry

®* Summary



' Jets in p+p — a baseline for Pb+Pb

The common picture (p+p):
“Hard™ Scattering

outgoing parton
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Jets produced in vacuum are well understood and constitute a

reliable baseline to study medium-dependence effects.



' Jets as probes of hot matter ‘

Quark Gluon Plasma is opaque to coloured partons.
How do parton showers in the hot and dense medium differ from those in
vacuum?
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What is expected:

Partons lose energy, resulting in jet “quenching”.

Jets probe the very first phase of the collision they carry relevant
information about the QGP .
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Run 168795, Event 7578342
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HI collision's dynamics controlled
by impact parameter “b”

Transverse energy, E., deposited in

Forward Calorimeter compared to Glauber
model of nucleon-nucleon collisions.

The nuclear thickness function, T, . and
number of participants in a collision, Npm,

for each centrality interval is estimated
with the same Glauber model.
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* Nuclear modification factor quantifies the magnitude of the suppression of an
observable, which is dominantly due to final state interactions with constituents of
the medium (QGP).

* Any deviation from unity points to suppression or enhancement of jet

observables.



Inclusive Jet Yields

ATLAS Preliminary
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Per event jet yields in Pb+Pb collisions,

divided by <T as a function of jet p.
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for different centrality intervals .

pp data is represented by a line above

the closed circles.

ATLAS-CONF-2017-009


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-009/
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Nuclear modification factor, R, as a function of jet p_ for three centrality

intervals.
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* Jets are suppressed by a factor of two in central Pb+Pb collisions with slight

dependence on transverse momentum, P ATLAS-CONF-2017-009



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-009/

' Jet fragmentation functions

Jet internal structure is crucial to understand energy loss

N¢p, is the number of charged
particles associated to a jet.
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Jet structure measured in
different p_' ranges (126-501 GeV),

using charged tracks with
Pt >4 GeV.

® FF are background subtracted,
corrected for reconstruction
inefficiency and unfolded with 2D
Bayesian method.

The FF decrease with z,
independent of p_ e,

ATLAS-CONF-2017-005


https://cds.cern.ch/record/2244802

RD(Z) = D(2)cent/ D(Z)p+p
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Increasing modification of D(z) as centrality increases.

Suppression of the charged particle yield for z < 0.2 and

enhancement at high z in central collisions.

ATLAS-CONF-2017-005


https://cds.cern.ch/record/2244802

Rp(z) In central collisions

Comparison between different Rp(y) for Vv S~ 276 and 5.02 TeV
j . * ranges (5.02 TeV results do not include z < 0.04)

ATLAS Preliminary
@ 126 < p* < 158 GeV
¢ 200 < P < 251 GeV

& 316 < P < 398 GeV

Pb+Pb, s, = 5.02 TeV, 0.49 nb™, 0-10% Pb+Pb, |s,, = 5.02 TeV, 0.49 nb™, 0-10%

pp, Vs = 5.02 TeV, 25 pb™ ! pp, Vs = 5.02 TeV, 25 pb

No dependence on jet p_and collision’s energy within uncertainties

is observed.
ATLAS-CONF-2017-005


https://cds.cern.ch/record/2244802

RD(Z) in p+Pb collisions
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Ry, in p+Pb collisions is consistent with unity within systematic
uncertainties, independently on the studied jet p, range.

arXiv:1708.02859



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2015-04/

100 < p_ <126 GeV 0-10% ATLAS
anti-k, R =0.4 jets

Dijet asymmetry probes
differences in quenching between

the two parton showers.

* The asymmetry in peripheral
collisions is well compatible with pp

collisions (no QGP formation)

VSun =276 TeV 60 - 8Q %
2011 Pb+Pb data, 0.14 nb™
2013 pp data, 4.0 pb”’

* The asymmetry increases with

collision centrality
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https://arxiv.org/abs/1706.09363

pr-** dependence in 0-10% centrality

Lead
ATLAS 126<pp*°<158 GeV

anti-k; A= 0.4 jets

(S =276Tev  Pr">200GeV

2011 Pb+Pb data, 0.14 nb’'
2013 pp data, 4.0 pb™’

Much smaller modification at high p"*

ijet asymmetry in central collision

Clear dependence with p of the

leading jet, in contrast to single
jets. Raa (@ 5.02 TeV) shows

very weak pr dependence.

ATLAS Preliminary
anti-k, R = 0.4 jets, |s, = 5.02 TeV

2015 Pb+Pb data, 0.49 nb
2015 pp data, 25 pb™'

arXiv:1706.09363 [hep-ex]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2013-06/
https://arxiv.org/abs/1706.09363

Photon-jet asymmetry
anti-kt R=0.4 jets; p, > 30 GeV; |yje‘| < 2.1; A(p“'V > 71/8

ATLAS Preliminary g ATLAS Preliminary
60 < p! < 80 GeV 100 < p! < 150 GeV
5.02 TeV

@ The photon-jet X, = P’ / p,' is increasingly modified with increasing

centrality, relative to pp collisions and MC.
® [ess modified in 30-50% for larger photon momentum suggesting
lower fraction of energy loss with increasing parton p,.

ATLAS-CONF-2016-010


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2013-06/
https://cds.cern.ch/record/2220772

Photon-jet A@

anti-k, R=0.4 jets; p **>30 GeV; |y*|<2.1; normalized to
T

. . Jy
the integral in Ag™ > 7n/8 ATLAS-CONF-2016-010
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@ Similar behaviour in pp and Pb+Pb collisions within uncertainties.


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HION-2013-06/
https://cds.cern.ch/record/2220772

Inclusive jets in Pb+Pb are suppressed relatively to p+p up to a factor of 2.
Internal jet structure shows suppression of particle yields at low z and

enhancement at high z in Pb+Pb central collisions; no dependence on jet
pt and collision energy.

Ry ;) compatible with unity in p+Pb collisions.

Enhancement of asymmetric dijets in Pb+Pb, w.r.t to p+p, as the centrality
increases. Clear dependence with the pt of the leading jet, in contrast to

inclusive jets.

Increasingly asymmetric photon-jet balance with increasing centrality.

Less pronounced with increasing photon p_. Photons and jets remain

back-to-back.
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Summary Plot

lZp >0 GeV ,p—2630GeV

(ATLAS-CONF-2017-010) (ATLAS-CONF-2017-012)

e jet, p_=100-125 GeV v prompt J/v, P, = 9-40 Ge

T (ATLAS-CONF-2017-009) (ATLAS- CONF 2016-109)
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Compilation of results for the nuclear modification factor R vs. number of

participating nucleons, Npart, in different channels from Pb+Pb and pp data.
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Which signatures of the QGP formation can we observe at the LHC ?
* Particle distributions; correlation between particles; collective motion.
* Suppression of resonances.
* “Jet quenching”: modification of particle showers. The direction of the

showers, their composition and how do they transfer energy to the hot
and dense medium reveal the properties of the QGP.
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A machine of extreme numbers
® Ring of 27 km at 100 m deep

® 9300 magnets (to curve and focus)

® 7600 km of supercondutor cables

® Temperature: -271.3 °C, colder than space
® Almost perfect vacuum (10™"° atm)

® Packages of 100 billion protons collide at
99.9999991% of the spped of light

® Cost: 3.1 billion euros (less than a war
machine) + cost of the detectors




i Track detector

Y ———

' The ATLAS Experiment
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' Rp(p1) = D(PT)cent ! D(PT)p+p

Rapidity dependence of jet substructure modification
ml<2.1 In|<0.3 0.3<|n|<0.8  1.2<|n|<2.1

1 —
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In cetral collisions (0-10%):

@ Enhancement of fragment yield for pt" < 4 GeV; enhancement at
pr"> 25 GeV, mainly at mid-rapidity.

® Depletion at 4 < py™ < 25 GeV. EPJC (2017) 77, 379


https://link.springer.com/article/10.1140/epjc/s10052-017-4915-5

extra/missing particles

0.5

- ATLAS

) 2011 Pb+Pb data, 0.14 nb’'

100 < py* < 398 GeV; |n|<2.1
1<pr®<4GeV

t Pb+Pb data/ pp data

2013 pp data, 4.0 pb™
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in a given centrality/Np, bin
A clear increase of yields of particles with low transverse momentum
(1< pTCh < 4 GeV) as the collision's centrality increases is observed.

50 10[} 150 200 250 300 35{] 400

Noart

Tells how many extra/missing
particles is in charged particle

Particles with p;**>4 GeV do not exhibit noticeable variations with
centrality.

EPJC (2017) 77, 379


https://link.springer.com/article/10.1140/epjc/s10052-017-4915-5
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