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Jet production

ZpT particles = ijet

Cascades of consecutive
Jet: colorless states em|SSions of partons from
rard seattering initial hard scattering

(partons produce observed hadrons)

Collimated spray of particles
originating from the
fragmentation of hard scattered
partons

/ /’ - .
/Yv\l'raglncntatlon process
outgoing parton
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A simplified picture ~ Hard scattering
Jets in pp
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Particle Detection
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A simplified picture Hard scattering

Jets In medium
P Fragmentation

Hadronization
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Jets in pp

Jets: connection between theory and experiment
PQCD: partonic level

Experiments measure hadrons

Re-associate measurable hadrons to accurately reconstruct
parton kinematics

Tools: jet finding algorithms
Apply same algorithm to data and theoretical calculations

@ Proxy for high p; partons produced in collisions
& Testing ground for pQCD
€ References for jets in AA
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Tomography of the QGP

DBES” calculable in pQCD:
entum transfer, Q2

Detector

Human body

Variety of “HARD PROBES”...

s*Hadron production

*Heavy flavours

+JET PRODUCTION
Self generated HARD PROBES  Lu mm mm o o o o oo o s o o e s

in the early stage of the collision % Direct photon production
Calibrated

LASER/XRAY _
Unfortunately not possible!
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Jets In medium: Jet quenching

Comparing jet yields in pp and AA at same energy

proton-proton collision ~ / lead-lead collision

v

1/N,., d2N/dp;
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after the collisons

Energy loss (left shift)

Absorption (down shift)

A

Pr
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AA

RAA(jet)

dN | dp,|

PbPD

dN | dp,|

coll p

Average number of
pp collisions in AA
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Jet quenching

Hard parton in presence of
E E-AE

dense coloured medium E g

lose energy via elastic fae | E

scattering and multiple »

(medium)

gluon radiation

Mean parton energy loss <& medium properties
AE ~ p,,, (gluon density)

AE ~ AL (medium length)

Characterization of the medium via jet transport coefficient g-hat:

(mean transverse momentum squared transferred to the traversing parton per
unit path length)

Many theories/models: g-hat ~ 2 to 10 GeV?4/fm (RHIC data)
JET collaboration: g-hat ~ 1.2 GeV?/fm (RHIC), 1.9 GeV?/fm (LHC)

Phys. Rev. C 90, 014909, 2014
26/01/17 S. K. Prasa 9



P P

0— —©O

Jets in pp

Calibrate the probe !
Testing ground for pQCD
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Underlying event (UE) In pp

_ Jet
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Hard scattering
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Jet direction

» UE.: contributions from ISR, beam remnants, MPI
» UE estimation: collect all particles in transverse direction to

the jet axis
» Subtract from the jet energy

» For differential quantities subtract on an statistical basis
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Jet cross sections
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Good agreement between data and theory over many
orders of magnitude
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Jet cross sections
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Jet shape (longitudinal)
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Good agreement between data and MC predictions
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Jet shape (Transverse): Vs dependence
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q/g contribution to jets should be Vs dependent

Change in observables expected depending upon it’s
sensitivity to g/g
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Jets in p-Pb
Cold Nuclear Matter Effects
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Nuclear Modification Factor

Phys. Rev. Lett. 110, 082302
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Nuclear Modification Factor
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Jet shape modifications
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Jets in Pb-Pb
Medium Effects
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The problem: Underlying event and background

Large background: consisting of particles from soft scattazz i FELEXEIIEIR LIV (6)2))
processes and fragments from other jets JHEP 1403 (2014) 013 (ALICE)

Background estimation: determine average background density p: median of p, =

p.olusteri/A:: except the two leading clusters to limit the hard jet signal from the
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The problem: Background fluctuations
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1.4 Central: 0-10% Pb-Pb |'s,=2.76 TeV =
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Nuclear Modification Factor (PbPb 2.76 TeV)
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Nuclear Modification Factor (PbPb 5.02 TeV)
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Nuclear Modification Factor: Hadron vs Jets
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Nuclear Modification Factor: Hadron vs Jets

| arXiv:1609.05383

2.76 and 5 TeV charged hadrons 2,76 TeV jets
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* Charged hadrons at high ptr —hard fragmenting high pr jets

Center of mass energy is different but change is expected to be small
High pr tracks are less suppressed than jets ~ Slide from CMS Talk by Doga Gulhan (HP 2016)

Indication of similar hadron and jet R,, at 2.76 TeV
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Nuclear Modification Factor: Vs dependence
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Nuclear Modification Factor: Vs dependence

Subikash, Rathijit DAE-BRNS High Energy Physics Symposium, Delhi, 2016
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Jet Evolution With Energy Loss (JEWEL):
K. C. Zapp, J. Stachel, F. Krauss and U. A. Wiedemann
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Jet: Probing the medium

> / How Is the energy redistributed
| ' around the jet ?

Jet in vacuum . .
Jet in medium
EVacuum

’—______________-; EMedium=EVacuum Jet broadening
"""""" S
[ — N /" Suppression of
! _ /" high-pr particles
/ Jet quenching/
P gluon radiation
Modification in jet in QGP ;

" Enhancement of

fragmentation
low-pr particles

and jet structure

Jet in medium: Multiple gluon radiati
in presence of dense medium
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Dijet Asymmetry (Momentum Imbalance)
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Jet Fragmentation: pp vs P

HPb (ATLAS)
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Jet Shape: pp vs PbPb (ALICE)
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Jet Shape: pp vs PbPb (ALICE)
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Summary and Outlook

@ pp collisions:
€ Jet production and shapes in pp are well understood
€ Several new observables (jet-mass, subjetiness, radial
moment, dispersion, etc.) available at LHC
€ pA collisions:
€ Several inclusive and differential measurements available
€ No significant change observed compared to pp
€ AA collisions:
€ Large jet suppression, similar to hadron R,,
€ Modification in jet shapes relative to pp

€ New differential observables should be followed up in PbPb
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