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Datasets & physics goals

Datasets collected in 2010-2015

Pb+Pb @ 2.76 TeV 2010 & 2011 160 pb!
Pb+Pb @ 5.1 TeV 2015 680 pb!
p+Pb @ 5.02 TeV 2013 28 nb-!
p+p @ 2.76 TeV 2013 4 pb!
p+p @ 13 TeV 2015

p+p @ 5 TeV 2015 27 pb!

28 papers & 49 public conference notes
https:/ /twiki.cern.ch /twiki/bin /view /AtlasPublic/HeavylonsPublicResults

Study the strongly coupled QGP using soft and hard probes
by

* Collective response of the plasma to the initial conditions

* Modification of the energetic parton shower in the plasma
* Calibrate observed phenomena to p+Pb and p+p collisions
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Study of the QGP with collective flow
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Study of the QGP with collective flow
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vn harmonics sensitive to initial shape of the interaction
region & viscosity of the QGP
« Larger initial shape fluctuation lead to larger vn’s

Small viscosity ensure efficient transport of the initial shape
(fluctuation) to the final state
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Differential measurements of vh harmonics

PRC 86, 014907 (2012)
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Differential measurements of vh harmonics
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Differential measurements of vh harmonics
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Event by event flow harmonics

JHEP 11 (2013) 183
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* Unfolded probability
distributions of the EbyE vn’s -
new observables (also EbyE
event plane angles correlations )

 Impose even stronger constraint
on the hydro models
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Event by event flow harmonics
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Event shape engineering

* 1st order event shape selection: Centrality (Sum ET FCal)
system size

« 2nd order event shape selection: ellipticity by v2°Ps
system shape

« 2nd order event shape selection: triangularity v3oPs

system shape
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Event shape engineering

Correlation between v2 and higher order flow harmonics
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Eccentricity scaling

ATLAS Pb+Pb

N | =% Inclusive
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* Separate “linear” and “non-linear”
components

 Linear component has weak centrality
dependence, non-liner component has
strong centrality dependence

* Consistent with results from event
plane correlations
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Flow in small systems

1))

T

SO0
$hS !s-'ff
SO
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e

~30000 particles* ~1000 particles* ~150 particles*

What is the smallest droplet of the QGP created in these collisions?
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Flow in small systems
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p+Pb and p+p collisions reveal collective /flow like behavior
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Flow in small systems
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Flow in small systems

* Characteristic “hydrodynamic like”

pT dependence

Open questions:

Does the observation of the
collectivity in NN imply any

quantitative consequences in AA?
Is the final state particle anisotropy
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Study of the QGP with hard probes

Leading
particle

JHEPO9 (2015) 050
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Study of the QGP with hard probes

Leading
particle

JHEPO9 (2015) 050

Jet sub-
structure

PLB 739 (2014) 320-342

Updated in
ATLAS-CONF-2015-055
ATLAS-CONF-2015-022 (pPb)
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Study of the QGP with hard probes

Jet sub-

L )
pZiggllég structure

PLB 739 (2014) 320-342
JHEP09 (2015) 050 Updated in
ATLAS-CONF-2015-055
ATLAS-CONF-2015-022 (pPb)

PRL 105 (2010) 252303
Updated in
ATLAS-CONF-2015-052
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Study of the QGP with hard probes

Jet sub-

L )
pZiggllég structure

PLB 739 (2014) 320-342
JHEP09 (2015) 050 Updated in
ATLAS-CONF-2015-055
ATLAS-CONF-2015-022 (pPb)

Path-length
dependence

PRL 105 (2010) 252303 PRL 111, 152301 (2013)
Updated in ATLAS-CONF-2015-052

ATLAS-CONF-2015-052




Study of the QGP with hard probes

Jet sub-

Leading structure

ol Flavor & color oo 114 022301 (2013)
particle

dependence PRC 92 (2015) 044915
EPJC (2015) 75:23
ATLAS-CONF-2015-056
arXiv:1506.08552
ATLAS-CONF-2015-050
PRC 92 (2015) 034904
PLB 697 (2011) 294-312
ATLAS-CONF-2015-023

PLB 739 (2014) 320-342
JHEP09 (2015) 050 Updated in

ATLAS-CONF-2015-055
ATLAS-CONF-2015-022 (pPb)

Path-length
dependence

PRL 105 (2010) 252303 PRL 111, 152301 (2013) arXiv:1512.00197

Updated in ATLAS-CONF-2015-052 79
ATLAS-CONF-2015-052




Z boson production
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extension for fluctuations of
the underlying nucleon-
nucleon cross section
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W bosons production _ NILASTONR20TH0
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Initial conditions — parton distributions

EPJC (2015) 75:23

~ 04— T
0-35—T:dib Osﬂ —021 ;6n ZeV ATLAS NW+ - N i A, sensitive to nuclear |
i Al = modification of PDF + spin
0.2 N .+N__ conservation in W boson
W W production

LU
% S
P 5
Bt o

Lepton Charge Asymmetry A
o

‘\Illlll\

No sensitivity for nuclear modifications

(&1 Data 2011 within the experimental precision of Runl

OWHEG CT10 Pb+Pb

III|IJII|JIIllllllllllllllll‘llllllII

[ CT10+EPS09 Pb+Pb | | ] Pb+Pb data
04 s T s 225
|
RFCn - forward to-central productlon ratio of d1rect photons arXiv:1506.08552
s T LI | ] T ™ [ T L L B L
0:8 - 40- 89?_/ _‘JEEES?'S’; Pb3 20-40% ATLAS I 10-20% 152<ic{|rwza§§ - 0-10% ; ]
ALedre _ +Pb | i . s2<p<2.37 | ]
0.8f \— JETPHOX EPS09 T Po+Fb m_?.m TVt Central: T ’
X / ] L, =0.14nb ) Il<1.37

. Eett B

C- 1 1 L L 1 L ' | ] L 1 1 L 1 1 [ I ] L L L 1 L L L I [ L 1 L [ 1 L 1 I

30 50 100 30 50 100 30 50 100 30 50 100
Photon p_[GeV] Photon p_[GeV] Photon p_[GeV] Photon p_[GeV] 32




Nuclear modification factor for high p; particles and jets - PbPb

In medium energy loss leads to
suppression in leading particle
and jet yield
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Nuclear modification factor for high p; particles and jets - PbPb

and jet yield

chent / de

R,, =

 Suppression of the factor of 2 in the
most central collisions
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Nuclear modification factor for high p; particles and jets - pPb
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Modification of the jet sub-structure
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Significant modifications at high z observed in updated result in Pb+Pb
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Modification of the jet sub-structure
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Modifications at high z in p+Pb?
S TeV p+p reference from run2 crucial for this study.
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Di-jets asymmetry

A = Pri”Pro
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Jet quenchmg path length dependence

PRL111 152301 (2013)
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Jet quenchmg path length dependence

PRL111 152301 (2013)
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Summary

 Many observables to study hydrodynamic response to EbyE

fluctuating initial conditions

* Variety of measurements of vector bosons in both Pb+Pb

and p+Pb do not reveal (yet) the modification of the nuclear

parton distributions

« Jet probes of heavy ion collisions provide detailed

information about the physics of jet-quenching

* Studding small collisions systems (p+Pb, p+p) reveal

unexpected phenomena

* Observed collectivity in the p+Pb and p+p collisions

* Jets in p+Pb — proton size depends on x

Run?2 data (Pb+Pb and p+p) will substantially help to

understand the phenomena observed in Runl

N jet!WiZly = LAAUAAe jet/WIZly

Both factors higher in run 2
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