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Jet quenching:

From hadrons to jets




Jet quenching as a hard probe

Jet quenching has been proposed as an excellent
probe of the hot/dense matter created at HIC.

Xin-Nian Wang, M. Gyulassy, PRL68(1992)1480




Jet quenching at RHIC: leading hadrons
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From leading hadrons to jets: Th

medium

I Vitev, S Wicks, BWZ, JHEP 0811,093 (2008)




From leading hadrons to jets: Exp

CMS | CMS Experiment at LHC, CERN
. — \

!l Data recorded: Sun Nov 14 19:31:39 2010 CEST
| Run/Event: 151076 / 1328520
|\ Lumi section: 249

\Jet 1, pt: 70.0 GeV

Jet 0, pt: 205.1 GeV|

A Dijet event by CMS on Nov. 14, 2010.
I I | N N | N N N | /W /N | N ™M PN | M N | N ™w w | N =™ | m



What is a jet?

= At LO pQCD, jet ~parton. S

» Ajetis a spray of final-state
particles roughly moving in the
same direction and defined by jet
finding algorithms.

* In pQCD local-parton-hadron
duality (LPHD) is used

= Jet: more precise and powerful

b= 2 $ibri/Br
Rij =/ (i = )? + (i — $))?




Briefing: jets at HEP

» Sterman&Weinberg(‘77) defined a
two-jet event and made an analytic
calculation.

* Feynman, Field, Fox (“77) made a
numerical calculation of the inclusive
jet prod.

» Discovery of three-jet events in e+e-
gave a first evidence of for gluons.

* Precise extraction of o is made by
measuring jet event shapes.

= New physics beyond Standard Model
by studying jets.
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Jets in HIC

1) inclusive jet spectrum

2) dijet asymmetry




Inclusive jet cross section
in HIC at NLO

Jet: colorless states

Hard scattering




Jet cross section at NLO in p+p

* Jet cross sections at NLO in p+p :
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Jets in p+p at RHIC
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Jets in medium

Lrtong/éwé kadron

I Vitev, S Wicks, BWZ, JHEP 0811,093 (2008)




Quark jet and Gluon jet
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Inclusive jets in A+A at RHIC
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Inclusive jets in Pb+Pb at LHC
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Inclusive jet in Pb+Pb: Exp.

m The jet radius dependence of Raa on inclusive jets has been
confirmed by ATLAS measurements most recently.

_ Au+Au and p+p at\s, =200 GeV/c
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Dijet production
in HIC at NLO

3

% Y He, Vitev, BWZ, PLB (2012)

Y He, BWZ, E Wang, EJPC (2012)
Y He, Neufeld, Vitev, BWZ, in preparation




Measuring Dijets in Pb+Pb

» Jet quenching at LHC has been observed for the first time in
dijet productions at Pb+Pb by ATLAS and CMS.
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Dijet in p+p at NLO
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Dijet in p+p at NLO
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Dijet in HIC: CNM
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Triply dlfferentlal dlstrlbutlon
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Dijet in Pb+Pb at LHC
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Dijet in Au+Au at RHIC
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Non-perturbative effects

= Non-perturbative effects: hadronization & underlying event.

» Two effects will go in opposite direction: partial cancellation

between ° splash -out” effect and “splash-in” effect.
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Summary

* [nclusive and di- jet productions in relativstic heavy-
ion collisions are calculated with pQCD at O(alpha”3).

» A variable quenching of R, , for jet cross section in A
+A collisions is demonstrated, which is contrary to

single result of R, , for leading particle and has been
observaed by ATLAS Collaboration.

* Dijet momentum imbalance AJ distribution becomes
flatter with the peak shifted to middle AJ regime,
whereas distribution of z=Et2/Et1 shifted to the left

with smaller z.

» Similary approach has consistently applied to Z and
photon tagged jet production.




& R !

Thank you!
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Slngle ]ets in Pb+Pb at LHC
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How a “jet” quenches in HIC?

_— hadrons

:

¥ Radiated gluon can fall
inside the jet area.

¥ Two leverage variables: jet
size & mMinimum
momentum cut
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Inclusive jets in A+A at RHIC

= R,, for inclusive jets evolves continuously with cone size R,

= Ratios of jet cross sections at different R in p+p, Cu+Cu and
Au+Au have a similar trend
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Jet finding algorithms

# Cone algorithm Parton merge parameter

¥ Midpoint cone algorithm |
#¥ k algorithm

2
Rjj

.‘ P - / 2 p 2 &
(i) = Win(pr i, PT5) 2

» Midpoint cone

= Anti-k; algorithm - Cone
= Seedless algorithm %
.




