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What isajet?

[ | At LO pQCD, jet zparton. Jet direction

» Ajetisa 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
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Briefing: jets at HEP

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




Briefing: jets at HEP |

* Feynman, Field, Fox (“77) made a numerical calculation
of the inclusive jet production.
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Brlefmg ]ets at HEP
— =

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

= Precise extraction
of a is made by
measuring jet event
shapes.

= New physics
beyond Standard
Model by studying
jets.
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The Little Bang

Relativistic HeﬂW-Iﬂﬂ Collisions particles distribution

Kinetic
freeze-out

Hadronization
Initial energy
density

pre=
equilibrium : :
yhamics viscous hydrodynamics

free streaming

collision evolution
t~0fm/c T~1fm/c T ~ 10 fm/c t ~ 1012 fm/c



How will jets be modified In
the existence of QGP ?




Parton Energy loss as a hard probe

Parton energy has been proposed as an excellent
probe of the hot/dense matter created at HIC.
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Jet quenching at RHIC
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Eloss: From hadron to jets
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Leading particles

10 e
Rcone 0.5 poye
' 0.0

W BN BEMN MM W \Viey Wicks, BWZ, JHEP (2008)




Jets In HIC




Jet shape in HIC
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LO & Resummatlon p+p

P'“{_,_x) Cy(F) (1+~,__(11 ] —n(l x)
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An analytic approach to the

energy distribution of jet
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P = o) S

Seymour, M. (1998)

PO(x) = T(F) [(1-2) + 2|
Jet shape at LO with
the acceptance cut
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Collinear divergence requires Sudakov resummation:
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Jet shape p+p:

U(r) = Geon(r) (P(r) = 1) +vro(r) + Ciro(r)

+pe(r) + ;i pelr)
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Total jet shape in HIC

Medium-induced [FNEaF- .-
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Jet shapes measured at LHC

CMS, (S =276 TeV pp,JLdt 53pb Pbe_JLdt-15nub
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Jet shapes: NLL+NLO
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Inclusive jet cross section
in HIC

Jet: colorless states

Hard scattering
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Jet cross section at NLO in p+p

= Jet cross sections at NLO in p+p :
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Inclusive jet in p+p at NLO
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Inclusive jets in A+A at RHIC 21
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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.
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Inclusive jet in Pb+Pb: Exp.

m Inclusive jet Raa has also recently measured by ALICE.

ALICE Pb-Pb |5, =2.76 TeV | Antik; R=02 n | <05 s 5GeV/e
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Y He, Vitev, BWZ, PLB (2012)

Y He, BWZ, E Wang, EJPC (2012)

, 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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| ATLAS, arXiv:1011.6182, PRL (2011);  CMS, arXiv: 1102.1957, PRC(2012) |




Dijet in Pb+Pb at LHC
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Tagged jet production in HIC

Dimuon Trigger




Z° in pp and PbPb

= pQCD gives a good description of the data at the LHC and DO.
* The CNM effects for Z boson is small.
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Z° +jetin A+A: laa
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Prompt photon in pp collisions |

Annihilation

Compton




Photon + jet in p+p at NLO

» A good baseline for photon+jet in hadron-hadron production
has been given by the NLO pQCD.
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Asymmetry in photon + jet
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photon + jet with LBT
3f (p) =




Jet Fragmentation Function

7= p_l_h/p_ljet
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Jet FF: Quark VS Gluon
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Jet FF Moments

LHC, Vs=2.76 TeV
anti-k{(R=0.4), noUE
pt>100 GeV, |y|<3




b-tagged Jet in HIC (1)
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b-tagged Jet in HIC (2)

p+p collisions, LHC s'* = 2.76 TeV
yl<05  b-jetantik R=0.3

= ysual b-jet
== b-jet with b-guark leading 7
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Jetshapebmm

Recap: aworld of jets
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Recap: a world of jets

Jet shape ] [nclusive jet Di-jet [Epresay
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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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Sudakov resummation

Jet shapes for a quark and a gluon are:

2
2 3
+ (szin - Ezm-in + izm-in

TpNpa, 2 ((2 27 ([
- I Z 2 2 _
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Sudakov form factors:
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3 2
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Collinear divergence

Requires Sudakov
resummation
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Tagged jet production in HIC

photon + jet /0 + jet

* Advantage: large yield » Disadvantage: small cross
, , section

* Disadvantage: final-state = Advantage: no final-state

effects effects




1° +jetin h+h

NLO pQCD gives a good description of the data at DO

The momentum balance is broken due to NLO contribution

|
IE— T _—, « DO experimental data 3 — L0 ]
- S " 2, —- LO pQCD [cteq] ] 100E -+ NLOR=08 825<pz<li25 -
< r — — MCFMNLO [mstw] ] i ZI\ " NLg R=04 ]
- ] = NLOR=02 ]
o) - — R.oe [€XPeriment] ] % i #; | ]
Q ol w7 7 1= (mJ/2.2m.) o F /| v :
= AE s | = ! = = E > j _ ]
-8_ E = T L. - g o . s =4 TeV ]
Ta B = 8 = - ly |<2.51 'u|{2.5 =
.QJ..'_ - +| & E‘l_ 1 F f \\. y|E‘1 v ]
a | — {11 E M-3r <M <M +3T
T 5 2 B / \h.. )
g OUE (" ggTev = 1l
E Y <28 <17 d [
- 65GeV<M, <115 GeV S : ;
4| _____ B m‘ : i
0.001 I L L _l L L1 | 7 [:I I}D]. ' | | |‘ | | | !;*EH:‘!
20 50 100 130 200 0 100 200 300 400 500
ppiet [GeV] Pet [GeV]

pr € (92.5GeV, 112.5GeV)
 BE B B BER R B




Photon + jet in A+A (II)

» Direct comparison between RHIC and LHC is possible for this
exclusive channel.
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photon +jetin A+A (I)

325<=p,,<37.5GeV, R=03

— —  Central Pb+Pb, s'° = 2.76 TeV
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Q= 1.8-2.2

Mo nuclear effects
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Dijet in HIC: CNM

M?: = 2p7[1 + cosh(yr — y2)]
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Quark jet and Gluon jet
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LBT model of parton ELoss

1
L

2

leading parton---thermal parton
scattering

recoiled parton---thermal parton
scattering

Linearized Boltzmann jet transport
neglect scatterings between recoiled
medium partons.

It's a good approximation when the jet
iFfduced medium excitation df<<f.
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