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Jet production and
correlations in heavy 1on
collisions

Timothy Rinn
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Heavy lon Collisions

»Heavy lon collisions can produce a state of
deconfined nuclear matter called the Quark
Gluon Plasma (QGP)
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»Through the comparison of yields in heavyion g
collisions to pp one can understand the "l
properties of interactions with the QGP

GHP 2021: 4/15/2021 P



A
.{ . I\'\.

Jets as Probe of the Quark Gluon Plasma 7

» Jets are correlated cones of
particles produced through the
evolution of high pr partons
produced in hard QCD interactions

» Produced early in the collision

»In heavy ion collisions the partons
interact with the nuclear medium
resulting in an effect known as jet
quenching

GHP 2021: 4/15/2021




PhysLetB.2018.10.076

ATLAS

EXPERIMENT

Nuclear Modification of jet production at LHC
& | ATLAS  anti-k, R = 0.4 jets, (5, = 5.02 TeV I"
1 ____________________________________________________________________________ .
Partons produced in hard scattering ' %ﬁ%:{:};l;
lose energy as they traverse the | e[ e
nuclear medium resulting in ‘jet +] e 0
quenching’ EE‘I'EEEEEE -
Significant energy loss for R = 0.4 jets 05l EEP?FIFE -
is observed across centrality -
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» ALICE has measured the R4, for R=0.2 and R = 0.4 jets down to lower p%et in central Pb+Pb

» Observes no evidence for size dependence to suppression between R=0.2 and R = 0.4 jets
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arXiv:2102.13080 CMS

Nuclear modification factor: Radius Scan

CMS (Syn = 5:02 TeV, PbPb 404 ub™, pp 27.4 pb™
1.4f 200 < p; <250 GeV + 250 < pr' < 300 GeV + 300 < p; <400 GeV 1 > Sensitive to balance between increasing
[ 1 1 ] radiative sources and recovering re-
1-2:_ 1 1 ; distributed energy
R SR g
(e I ¢ I i + ] > No modification from R3# is observed for
0.8F + - 30-90% events out to 400 GeV
: 4-_' 400 < 'pj'et'<' 500 GeV I 500 < 'pj'et'<' 1000 GeV/. _antlkT h] ll <o ] > Potehtlal for minor enhanceme.nt of large R
T T 1 T 1 Jet : Jets is observed 0-30% events in 400-500
1.2F i +il 1 ] GeV
1—** ------------------- —i ----------------- *— *0-10% {1 » CMS observes no radius dependence to the
[ I # + ] #10-30% ; R4 in 0-10% central Pb+Pb for
0-8¢ T T e 1 500GeV < pl < 1Tev
i 1 1 --- = 00 | . . .
T T Mt e » Potential relative suppression observed
02 04 06 08 102 04 06 08 102 04 06 08 1 for large R jets in 10-30%

Jet R
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https://arxiv.org/abs/2102.13080

arXiv:2102.13080 CMS

Nuclear modification factor: Radius Scan

» Sensitive to balance between increasing

CMS 0-10% PbPb 404 ub™ pp 27.4 pb™ - .
t T radiative sources and recovering re-
! 500 < p i 1000 GeV { anti-kp, n._ | <2 ﬂ distributed energy
i 1 jet ]
» Enables simultaneous comparisons of
- CMS 0-10% g model calculations across jet Radii
— PYQUEN
PYQUEN w/ wide angle rad:
JEWEL -

£ - JEWEL w/o recoil
02 04 06 08 1 02 04 06 08 1
Jet R
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Nuclear Modification of Jets in Au+Au at RHIC:“

https://arxiv.org/pdf/2006.00582.pdf
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» Similar level of jet and charged hadron suppression observed at RHIC and LHC energies
» Different underlying spectral shapes at 200 GeV versus 2.76 TeV

» No clear evidence for jet size or pr dependence to the R-p observed by STAR
Look forward to future jet measurements from sPHENIX!
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PH ENIX
Nuclear Modification of Jets in Cu+Au

» Clear centrality dependence to

modification - Cu+AU, |5,y = 200 GeV, antik, R=02 1
1.2~ PH ENIX -
;ﬂ ; preliminary .
g LSt .
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Global Bayesian Analyses

Theory collaborations use R, 4 measurements from
both RHIC and LHC experiments in Bayesian
analyses to extract insight on the QGP properties

» Recent publications by Weiyao Ke and Xin-Nian

Wang, as well as the JETSCAPE collaboration
highlight extractions of jet transport coefficient g

15
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https://arxiv.org/pdf/2010.13680.pdf

Probing Jet Energy Loss

* Dijet Momentum Balance

» Sensitive to path length dependent
energy loss and fluctuations

* Jet v,

»Path length dependent energy loss can
cause enhanced jet yield in-plane vs.
out-of-plane: positive v,

» V3, can give insight to the role of
initial state fluctuations to jet
guenching
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https://cds.cern.ch/record/2720247

ATLAS
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» Back-to-back dijet pairs in pp collisions strongly favor symmetric momentum
»In Pb+Pb collisions observe S|gn|f|cant enhancement of asymmetric dijets

GHP 2021: 4/15/2021 12


https://cds.cern.ch/record/2720247

https://cds.cern.ch/record/2720247

SATLAS
DiJet Momentum Balance _
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ATLAS-CONF-2020-019
SOATLAS

XPERIMENT

| |
> — . . —
0.12— ATLAS Preliminary =e= 71<p <251 GeV —
- = -~ - = -~ : -1 B 71<p <79 GeV :
I |t - Ee= 89<p <100 GeV —
// \\ = S!\:’N 5.02 TeV m== 100<p <126 GeV -
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_____________________________ L O . 0.08— =e= 158 < p’ <200 GeV_]
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\ / — i
N\ / 0.06_— —
N ~ -~ N - s B + I
TR TR
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e )
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i ] Centrality
0.12 —
[ 4 ATLAS observes for R = 0.2 Jets a significant 1-4% jet v, on inclusive jet pr
o1t N » v, is enhanced in more elliptical initial states (mid central, peripheral)
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ATLAS-CONF-2020-019

CMS charged particle: arXiv:1702.00630

ATLAS 2.76 TeV: arXiv:1306.6469
ALICE 2.76 TeV: arXiv:1509.07334
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> Jets observed at 5.02 TeV by ATLAS observe similar v, to charged hadrons at 5.02 TeV by CMS
» ALICE measured systematically larger Jet v, in 0-5% events at /Syy = 2.76 TeV than other measurements
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ATLAS-CONF-2020-019 CMS
CMS charged particle: arXiv:1702.00630 ﬁI!THﬁNST

Jet [ %!
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0.06f anti-k, R=0.2,lyl <1.2 0.06f anti-k, R=0.2,lyl <1.2 —
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‘m . . . » .
O 8-F WM e bl A E Uﬁﬁﬁﬁ T O b
-0.02F 4  -0.02 4 =
-0.04F 4 -0.04F E
- % ] 0-10% Jet, this result [ v ]oss%cmsh . - %] 20-40% Jet, this result [ v ] 20-30% cms n* ]
-0.06 - [V _] s-10%CMmsh E -0.06 C~ [ 3040%Cms b E

I B BT R B B PR IR I B R

-0.08 50 100 150 200 25 0.08 50 100 150 200 250
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No evidence observed in ATLAS or CMS for non-zero v4
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Summary and Outlook:

»Many exciting measurements of jet
production and correlations from both LHC
and RHIC experiments

* Too many to have covered here

»0ngoing developments and improvements
in theory allows for comparisons providing
insight to the properties of interactions
with the QGP

» Look forward to results using high
luminosity run 3 LHC data and from the
future sPHENIX experiment

» See Yeonju Go’s talk in this session
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Dijet momentum balance: 2.76 TeV

Physics Letters B 774 (2017) 379-402

»At \/Syn = 2.76 TeV ATLAS
observed an enhancement of
dijets with x; = 0.5 for
pT,l > 100 GeV

»By 126 GeV the observed peak
has faded and the distribution is
consistent with flat for Xy > 0.5
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arXiv:2101.04720

5.02 TeV pp 320 pb' PbPb 1.7 nb”
antik; R=0.4, |n_| < 1.6, p_ > 120 GeV, p_, > 50 GeV, Ag, , > 3F
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Clear depletion of momentum
near the core of the jet for the
subleading jet
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p is proportional to track momentum
density in a radius window

Clear enhancement of

momentum caried near the
edges of the subleading jet
compared to the leading jet

Quenched jets observe
significant broadening
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