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Matter affects evolution.

A quark or gluon (traveling in vacuum) with virtuality Q* will radiate
gluons to become on-shell: DGLAP-like evolution.
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Where to look?
=S Inclusive particle (suppression).

N Heavy quarks

= Jets: Jetshapes, particle correlations...




Medium-induced gluon radiation.
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One—particle inclusive production
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Application of the formalism
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[Eskola, Honkanen, Salgado, Wiedemann (2004)]

Data favors a large time-averaged transport coefficient

GeV?
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[Many other groups describe these data: Gyulassy, Levai, Vitev, Wang, Drees, Feng, Jia,
Arleo, Dainese, Loizides, Paic...]




Opacity problem

G = ce3/* for an ideal QGP 27! ~ 2
We obtain [Eskola, Honkanen, Salgado,
Wiedemann (2004)] 1.0
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Remember ¢ proportional to the density

times cross section =

The interaction of the hard parton with the medium is much stronger
than expected.




Corona effect

The medium produced at RHIC is so dense that only particles produced
close to the surface can escape.[Muller (2003)]
[Dainese, Loizides, Paic (2004); Eskola, Honkanen, Salgado, Wiedemann (2004)]
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Corona effect

The medium produced at RHIC is so dense that only particles produced
close to the surface can escape.[Muller (2003)]

[Dainese, Loizides, Paic (2004); Eskola, Honkanen, Salgado, Wiedemann (2004)]

Sy = 62.4 GeV, \S\ = 200 GeV

\]sNN =5.5TeV
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In this case, the sensitivity to § becomes — __ e et fa fhe gensily
small (bad determination of the medium  os, /
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Flatteness of the suppression

Trigger bias
Steepness of the spectrum 5 ~ —i- = small z, ¢
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R 4 4 flat also for the LHC

High-p; hadrons are fragile objects — more fragile the highest the p,

[Eskola, Honkanen, Salgado, Wiedemann (2004)]




Massive quarks

Mass effects suppress gluon

N
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Massive over light particle ratio

Quark vs gluon energy loss:
AE9 = No /CprAE?™=Y

D/h
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charm fragmentation harder
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gluon radiation (‘dead-cone’)

Increases Rpy,




Leading particle

I

Medium

Inclusive particle measures the density of the medium: AE « aggL?




Can we measure this??

/

Medium

Inclusive particle measures the density of the medium: AE o« aggL?

The jet broadening (k?) ~ gL




Jet shapes in they x ¢ plane.

Vacuum
(reference)

dE"?°/(dndo)
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Jet shapes in they x ¢ plane.

Vacuum Medium:;
(reference) broadening

dE"*°/(dnd¢) . dE™(dndo)




Jets in HIC???
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Jets in HIC?7??
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Jets in HIC?7??
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Multiplicity background for RHIC (LHC)

EP% ~ 20 (100) GeV in a cone R=0.3
EP& ~ 50 (250) GeV in a cone R=0.5

ALICE @ LHC 4

Workshop on Jet Correlations at RHIC, BNL, March 2005 Jet studies in HIC — p.13



p(R), fraction of the jet energy
inside a cone R = \/An? + Ag?
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Gluon multiplicity inside the jet.

The characteristic angular dis- < ' 0132 Gev
tribution of the medium-induced = w:=64 Gev
gluon radiation could be better ob-
served in the quantity o
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The fact that the results show small sensitivity to IR cuts is due to the

shape of the spectrum
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Jet shapes in a flowing medium

Vacuum Medium:
(reference) broadening
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Jet shapes in a flowing medium

Vacuum Medium: Flowing medium:
(reference) broadening anisotropic shape
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Formalism

In the single—hard scattering approximation

d[med as 4Cgrng )
p— d
W 2w / q|a(q)

g ~LE +oin (2052°)
k? [(k+a)?/20]

Y

we shift the Yukawa potential by a 3-momentum ¢g = (qo, q;)
proportional to the flow field.
(Armesto, Salgado, Wiedemann hep-ph/0405301)

2 2
L L
a(q)|® =

rla?+p2°  7wl(a—qo)?+p*

In the comoving frame (k?) ~ u?, AE ~ agnou?L?.

qo Characterizes the additional (asymmetric) momentum transfer.




Jet energy distribution
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Where to look for

Longitudinal flow: jets are not in
the longitudinally comoving frame
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For symmetric An our previous re-
sults need to be symmetrized by
adding the corresponding +qj.




Where to look for

Longitudinal flow: jets are not in
the longitudinally comoving frame Radial flow
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n=0

For symmetric An our previous re- Could it be seen in the elliptic flow
sults need to be symmetrized by v27?
adding the corresponding +qj.




Magnitude of the effect

Energy—momentum tensor characterizes bulk properties of the medium
T (z) = (e +p) u" u” —pg"”

The transport coefficient ¢ (Baier 2002)
G [GeV?/fm] = ¢/ {(GeV/fmg)S/ﬂ .

Taking e = 3P, § x p3/*, p = T%*
In the presence of a longitudinal flow field u* = (1, E) /41— [3?

T =p+ Ap; Ap = (e +p)uu® = 4pB*/ (1 - 57)

Forn =

log %:0.5, 1, 1.5 we obtain an increase Ap/p =1, 5, 18.
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Longitudinal flow

Jet energy distributions for a
flow directed in the +z directions.
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Longitudinal flow

Jet
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I dashed:. vacuum .~
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energy distributions for a
flow directed in the +z directions.
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Estimation of the effect for the case
of RHIC (STAR preliminary)

[F. Wang QMO04]
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Elongation in n-direction

[STAR preliminary, D. Magestro HP04]

3GeV < pirigg < 6 GeV, 2GeV < p?ssoc < p‘;rigg




Inclusive particle and elliptic flow

AFE ~ we(ro, ¢) = /d§€ (gns + arlur(ro(£)) - nz|*) Q(ro, @)

Semiperipheral AuAu collisions
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[Armesto, Salgado, Wiedemann (2004)] the same suppression




Conclusions

Inclusive particle production presents limitations in the
characterization of the medium.

N Study less inclusive observables

Jet—broadening directly related to energy loss by medium—-induced
gluon radiation.

N Measure jet structure in HIC (control over multiplicity background).

A flow field in the medium produces additional (anisotropic) gluon
radiation

= Asymmetric jet shapes (elongation in n-direction).

=N Contributes to v and suppression (can this explain the opacity
problem?)

First jet observables sensitive to the dynamics of the medium.

= Study the space—time—momentum picture of the collision with
high-p; particles.
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