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Jet probes of hot and \) el
cold nuclear matter | _
 |HC Run | heavy ion data sets: '
* Pb+Pb @ 2.76 TeV, |£dt = 140 ub-1in 2011 "’
* p+Pb @ 5.02 TeV, [£dt = 28 nb-1in 2013 D o> <--

e pp@2.76 TeV, [£dt = 4.0 pb1in 2013 DO > <O P

| will highlight some of the latest jet results (<1 year)

e For more information (and electroweak boson, single hadron,
heavy flavor, quarkonia, flow and correlation measurements), see:

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



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

Jets In hot nuclear matter

 How does jet reconstruction perform in a heavy ion environment?

= technical note on jet energy scale uncertainty
ATLAS-CONF-2015-016

* \What can Run | data teach us about inclusive jet suppression®

= measurement of jet Raa vS. pr, rapidity, centrality
PRL 114 (2015) 072302

* Do we understand the path length dependence of energy loss”

= measurement of dijet asymmetry vs. reaction plane
ATLAS-CONF-2015-021

= measurement of multi-jet production
hep-ph/1506.08656



Jet measurements in ATLAS
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e Jets are built with the anti-k;
algorithm from 0.1x0.1 towers In

the EM+HCals

e Estimate & subtract correlated, n-
dependent, underlying event

= and reject "fake jets” arising
from localized UE fluctuations

Ph-+Pb

e Early performance in
collisions

= experimental control of R=0.4
spectrum down to 40 GeV

= put without rigorously
determined JES uncertainty

E_I’Eruth [GeV] .



NEW

* First, establish control in pp
collisions at y/s = 8 TeV:

= fix Heavy lon-style jet E-
scale to the Standard Model-

style jet E-scale

= derive “cross-calibration”

factor to inherit effects of in
Situ corrections

e Jo constrain flavor
dependence, study HI vs. SM
scale In y-jet and Z-jet events

= and in situ ¥-jet at lower +/s

ATLAS-CONF-2014-016
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ATLAS-CONF-2014-016
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 Response to guenched jets constrained via:

= simulations tuned to reproduce guenching observables

= calo-jet/track-jet energy scale check, after correcting for
effects of moditied fragmentation function

* DO1-, N-, centrality-dependent jet energy scale uncertainty for pp,
p+Pb, Pb+Pb collisions — state of the art!



Inclusive |et suppression ca. 2013
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NEW PRL 114 (2015) 072302

e High statistics pp data & JES uncertainty

cent.
allows for measurement of the: Haa = d/Neent/dpr

< Iancent> dorp/dpor

< I I I | I I I
< - |
C - ATLAS anti-k; R =0.4 jets 2011 Pb+Pb data, 0.14 nb™ 1
||Syny =2.76 TeV 2013 pp data, 4.0 pb™

el ST SR O 2018 PR AR, 40D i

o 40-400 GeV

'« differential in rapidity

= |legacy measurement for
Run [!

'« centrality-dependent
| suppression, with modest
pr dependence
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NEW PRL 114 (2015) 072302

e Substantial insight from a rapidity-differential measurement:

= different shape of initial jet spectrum before quenching
= different quark/gluon mixture at fixed pr

= different path length seen by jets
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* Intriguingly, Raa shows little dependence on vy

= should we expect this”? which models can explain this?
hep-ex/1411.2357 d



Path length dependence of guenching
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* Previous studies of jet yield vs. A} = ¢iet - Wy and jet vo
= energy loss has modest but non-zero dependence on path length

= two new ATLAS measurements to elucidate this... o



NEW ATLAS-CONF-2015-021

Dijet asymmetry vs. event-plane
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e Dijet asymmetry Ay = (Er1- Et2) / (ET1 + ET2)
= sensitive to path length differences event-by-event

= certainly sensitive to centrality, but how about A¢g?
11



NEW ATLAS-CONF-2015-021

Dijet asymmetry vs. event-plane
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NEW
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NEW

hep-ph/1506.08656

Nearby |et production

* Nearby jets arise from hard radiation early in a parton shower

X
<
_

14

= their production is an intriguing test of path length dependence
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* Observable inspired from, e.g. DO
measurements of nearby et
production to infer as

* (Given a “test” jet with Ertest, what
IS the probability to have a

‘neig

= different colors show different

nboring” jet with some Exhbr?

centralities



hep-ph/ .
NEW ep-ph/1506.08656

Nearby |et production
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* Plot central/peripheral ratio as a function of test jet Ettest

* [his quantity Is suppressed below unity and Is
independent of Ertest

= qualitatively similar to the suppression of inclusive |et

. production



hep-ph/ .
NEW ep-ph/1506.08656

Nearby |et production
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* Now plot central/peripheral ratio as a function of nearby
jet ETnbr

* This quantity rises and reaches unity when Ettest ~ Fqnbr

= suggesting that jets with the same "unquenched” pr

. and path length are quenched Iin the same way



Jets In cold nuclear matter

e Are rates of jet and hadron production modified in the cold
nuclear environment?

= measurement of the p+PDb jet fragmentation function
ATLAS-CONF-2015-022

 What is the correlation between hard scattering and soft
production in pp collisions?

= forward energy production in pp collisions
ATLAS-CONF-2015-019

17
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Unmodified jet Rppp but possible enhancement in hadron Rupo

= notably outside of what global nPDF fits can accommodate

* Necessitates measurement of the fragmentation function



NEW ATLAS-CONF-2015-022
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e D(2), z= prtrack | prlet for pr > 3 GeV charged hadrons
= measured in 5.02 TeV p+Pb and 2.76 TeV pp collisions,
= differentially vs. jet or

19
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 MC-based extrapolation used to transform 2.76 TeV data to 5.02 TeV

Rb(z) =

e This initial study does not exc

= 5 TeV pp reference data in

[D(z; 2.76 TeV)pytHia / D(z; 5 TeV)pytHial

Run 2 crucial to have the full story

ude a possible z-dependent excess
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Understanding centrality-dependence

of Jet production in p+Pb
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e Suppressed FAcp (centrality characterized with 2Er at Pb-

going pseudorapidity) and forward (p-going) jet production

= single trend as a function of pr X cosh(y”) = Xp

[ (/s ] 2)
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NEW ATLAS-CONF-2015-019

(a) p+PDb collision

* Experimental signature in p+Pb: decreasing 2Er with
Increasing proton x

= does this just arise from a feature of pp collisions?
22



NEW ATLAS-CONF-2015-019

(b) pp collision

-OOeT]

 Measure 2Et at large pseudorapidity as a function of:

= Xoroj (€.9. IN the proton moving away from 2 Er region)

= Xarg (€.9. IN the proton moving towards 2 Er region)

« Reconstruct event-by-event e.g. Xproj = o1 (EXP(+N1) + €XP(+n2)) / /S
23



NEW
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* In pp collisions, <2Er> falls with Xiarg, mostly insensitive to Xpro;

= so the p+Pb effect does not obviously reflect something in pp ,
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Jet measurements in LHC Run 2
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* 5 TeV Pb+Pb collisions, Nov. 2015: 30x the hard probe rate in Run |
e Differential looks at Run | quantities and entirely new Run 2 observables s



Outlook

e Jet probes of heavy ion collisions in ATLAS are providing
detailed information about the physics of jet quenching

= producing “legacy” Run | results (e.g. inclusive jet
suppression)

= while still exploring imaginative new measurements
(e.g. reaction plane dependent asymmetries)

e Jet probes of small collision systems are revealing
unexpected phenomena

 Imminent Run Il data (Pb+Pb and pp) will substantially
increase our knowledge of both systems

= https.//twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults <
27
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