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Heavy lon Collisions

Energy Stopping Hydrodynamic

Initial state Hard Collisions Evolution

Collision of two Lorentz contracted nuclei at very high
energies

Initial production of hard particles (jets, photons heavy
quarks)

Production of semi-hard partons which later thermalize

Formation of a Quark-Gluon Plasma
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Jet Quenching

* High energy partons are created before the formation of the QGP

* Jets interact in a convoluted way with the hot medium

* Jets can potentially provide information about the properties of
the hot medium



Jet Quenching - Beginnings
(Pre LHC)

Predicted suppression of

particles at high pt . GAUFTPC-AU020%
% > k- —— p+p min. bias AR -
Observed RAA g * Au+Au Central
bg 0.1
Disappearance of away peak 2 |
in two particle correlation at A
high p1

Theory of radiative energy A ¢ (radians)

loss for fast moving partons



Energy Loss

e Radiation induced through multiple
medium scatterings
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e Coherent radiation through LPM \
effect

e Picture is very clear tfor on-shell
partons, not so much for the relevant e Dokehibor Mullor Peiant. Son
aler, Dokshitzer, Mueller, Peigné, Schi
off-shell case (even though formulas Arnold. Moore, Yaffe
are general)




Jet Quenching -Today

CMS./ | CMS Exg
| 1" Dala recorded: Sun Nov 14 19:31:39 2010 CEST
e Run/Event: 151076 / 1328520

S yneEvens ) )
/‘;: — | Lumi secton: 249

Jet 0, pt: 205.1 GeV

e Vast array of jet observables:

Jet 1, pt: 70.0 GeV

e Suppression of fully reconstructed jets
* Large dijet asymmetries

* Photon-jet asymmetries

* Modification of “fragmentation” functions

* Missing energy found in soft tracks 5 ATLAS
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* Theory of medium-modified parton =
showers”? S -

* How does the medium couples to
jets”?




Theoretical Challenges

Medium-modified

Energy loss parton showers
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What is the role of interferences?
|s there a probabilistic picture suitable for MC implementations?
Where does the energy go?

Vacuum showers understood in momentum space (virtuality),

medium interactions better understood in coordinate space
/



Color Coherence (1)

Mehtar-Tani, Salgado, Tywoniuk
Casalderrey-Solana, lancu

* |[n vacuum, |ets are color
coherent objects and therefore
angularly ordered (and narrow)

Y

* [nteraction with the medium can
destroy color coherence
(antenna calculation)

* Soft emissions at large angles
are enhanced
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Multiple Soft Emissions

Blaizot, Dominguez, lancu, Mehtar-Tani

* Multiple emissions enhanced for short formation
times

dN - CFOKS C_?L2 L
w% i T X O‘SE Total decorrelation limit

(Infinite medium)

* Offspring partons lose coherence very quickly

 Emissions considered quasi-local



Probabillistic Picture

Blaizot, Dominguez, lancu, Mehtar-Tani

Splitting Kernel
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tr,
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Momentum broadening

Lo ¢ ir,

* |teration of branchings lead to evolution equations for gluon
distributions

e Shown to transport energy efficiently towards thermal scale
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Radiative Corrections

e Momentum broadening
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* Energy loss ﬂﬂ,\f*’w\
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 Double logs can be resummed by
renormalizing q
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Vacuum-like vs Medium-
induced emissions

e [otal decorrelation limit does not take into account
early hard emissions (vacuum-like)

e Early stages of the parton shower might not be
sensitive to multiple scattering effects

* Opacity expansion of radiative corrections show
how they smoothly disappear
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Color Coherence (l)

e Sufficiently narrow jets
cannot be resolved by
the medium and therefore

stay color coherent /

* They lose energy B
COhereﬂﬂy as a Siﬂg|e Casalderrey-Solana, Mehtar-Tani, Salgado, Tywoniuk
particle

* Internal structure of jet
core Is unmodified
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Color Coherence (l)

e Sufficiently narrow jets
cannot be resolved by
the medium and therefore
stay color coherent /

~Z

* They lose energy

COhereﬂﬂy as a Siﬂg|e Casalderrey-Solana, Mehtar-Tani, Salgado, Tywoniuk
particle
* Internal structure of jet Quantitative description of these

core is unmodified ideas currently underway!
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summary

e Separation of regimes plays a major role in the
understanding of in-medium jet evolution

* Recent developments have provided much needed
iInsight In the way a jet couples to the medium

e More work 1s needed In order to reconciled the well

understood pictures vacuum parton showers with
decorrelation in a dense medium
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