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Summary of Lecture 3
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* Identical two-particle Correlations / \

measure the space-time extensior ax == @=F-E
of collision region at freeze-out s,

2

* High-Q”"2 processes in dense matter

Parton propagation in matter results in
- pt-broadening in initial and final state -
- energy loss of leading parent parton

* Observable Consequences of “jet quenchii, = oo
- suppressed leading hadron spectra 4—
- exp. test that this suppression is a final state effec | \ |
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- dependence on in-medium pathlength/centrality o= pot ' e T4 ! [ [

* More consequences of “jet qguenching” 4 met s ‘ +++++
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The medium-modified Final State Parton Shower
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Lecture 4.
Hard Processes Escaping the Bulk

a. Leading Hadroproduction
- Medium-modified Fragmentation Function
- Trigger Bias
- “Fragility” of the probe

b. Jets and Jet-like particle correlations
- Jet shapes and jet multiplicites at the LHC
- Jet-like particle correlations at RHIC

c. Fragmentation and Hadronization at intermediate pt



Hadronization versus Thermalization of Jets
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Nuclear Modification Factor
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Particle Species Dependence of Nuclear Modification

® Determines pt-range up above which hadronization occurs outside the medium
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Hard Processes Escaping the Bulk



Parton Energy Loss and kt-Broadening are Connected

® energy loss of leading parton shows * kt-broadening of parton shower determined
characteristi¢ an]j/\/g dependence by Brownian motionoc L
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Probability Distribution of Parton Energy Loss

Baier, Dokshitzer, Mueller, Schiff, JHEP 0109:033 (2001)
® Multiple independent gluon emission used to define

the probability that leading parton loses fractien
of its initial energy gE
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Nuclear Modification Factor in Au+Ad at RHIC

Eskola, Honkanen, Salgado, Wiedemann, in preparation

® Calculation of quenched AA = f 4 X ~
high-pt hadronic spectra d U (vac) = Z fi/A (Xl) X fj/A (Xz)x Ui f+k
ik —

nuclear modified pdfs
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Medium-Modified Fragmentation Functions

(one element of the calculation on the previous ¥lide
ek

® Basic assumptiarparton energy loss
occursorior to fragmentation

[Mediuml|
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* Trigger bias:
The fragmentation and e-loss of partons show,.~

a wide probability distributions. © e
Hadronic pt-spectrum is dominated by the tails3 -
of the distribution for which the parton has =+

- a very hard fragmentation (large z) i}

- a very small energy loss

7 OLO0E

Quantitatively, this depends on steepness of %ﬂmﬂ
partonic pt-spectrum o

Salgado, Wiedemann Phys. Rev. Lett. 89, 092303 (2002)

—— KKP, vakuurm
— dM dy=35%0

dM fdy=1700
— dMdy=3%00

Z
oC

n

-D™(2,Q°)

Pr

( hadron

)




Summary Slide on Trigger Bias
Triggering on a high-pt hadron, one selects:
® a bias favouring hard fragmentation, determined by steepness of spectrum
z" med 2
” ( p$adron) Dh/q(z Q )

® a bias favouring small in-medium pathlength (surface emission)
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® a bias favouring small energy loss for fixed in-medium pathlength
Average' Typical:

g>— = [ deeP( D (emax<<e>)

® a bias favouring initial-state pt-broadening in the direction of the trigger




Leading Hadroproduction- Centrality Dependence
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suppression of leading
hadrons governed by
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Centrality dependence tests
Interplay of andgeometry suppression used to deduce
X.N. Wang, nucl-th/0307036
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back-to-back

Sensitivity of Leading Hadron Spectra

nucl. mod. factor
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Are there more direct tests of the energy loss mechanism ?



Going beyond Leading Hadron Spectra

How does the medium-induced radiation evolve towards
thermal and chemical equilibrium ?

U Where does this
| associated radiation
goto ?

—_
%X

[Mediuml|

Associated radiation:

* How to distinguish from a high-multiplicity background ?
* What is the angular distribution of the radiated energy ?

* What is its spectrum ? EXxponential or powerlaw ?
* Does it induce high-pt hadronic correlations ?

* What is its chemical composition ?



Jets in Heavy lon Collisions at the LHC

A. Accardi et al., hep-ph/0310274
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* Experiments at LHC will detect jets above background

* How can we quantify their medium modifications above background ?
What do we learn from them ?



Medium-modified Jet Shapes

®* How much energy is radiated outside the “vacuum” jet cone due to medium effects ?

Et(R= JARZ+A ¢2) Energy fraction deposited
In fixed jet cone R decreases

Salgado, Wiedemann, hep-ph/0310079

e 1E
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* Broadening of jet shape is small  ® Jet Cross sections expected to scale
difficult to measure above background with number of binary collisions



Medium-modified Jet Multiplicities

Jet Heatin

Salgado, Wiedemann, Qp-ph/0310079

* Multiplicity within small jet é — 0,132 Gev
. § W= ey
opening cone = ) -
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* At large kt, unaffected by sofg |
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Theory predicts

* Characteristic L- dependence
A E:aswczaslﬁ L?

* Dependence on the identity
of the parent parton

* Relation between energy loss
and pt-broadening

AEcqL®, (pr)cql

* Dependence on other properties
of the medium
(see seminar talk next moith

Experimental Tests

> leading hadron spectra
as function of centrality and
orientatiorw.r.t. reaction plane

> jets and jet-like correlations

> charmed (beauty) hadrons
> p/P - ratioat high pt

> hadroproduction associated to
high-pt trigger particles

> jet shapes and jet multiplicity
distributions



Some Recent Results from RHIC
on “jet-like” particle correlations



Shapes of “Jet” Fragmentation: p+p and d+Au

partonl
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In Au+Au, away-side “Jet” broadens

c (rad)

(2.5<py¥ <4.0)A(1.0< p™* <2.5)
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Significant interaction of away-side “jet”
confirmed by broadening.

Away-side associated particle in general not
leading particle of the away-side parent parton.



pt-Distribution Associated to High-pt Particle
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Intermediate pt

ol o

[Medium|

Fragmentation inside the medium:
what happens now ?



Breakdown of Independent (pert.) Fragmentation

® Parton energy loss does not affect rdﬁgq IO/ D(Hr In contrast to intermediate pt data
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Fragmentation versus Recomblnatlon

105N e u pGCD LO+EL
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Successes and Suggestive Features of Recombinatiol

h B 1
® Elliptic Flow is significantly larger for S o v2(Pr)= nVZ(FPT)

baryons than for mesons at intermediate pt | ] i
- if rescaled by number of valence quarks, } ﬂi ki}]’} %

values are consistent 0.061 s I
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® Recombination Models do not address e 04/

- what happens to gluonic degrees of freedo&i Q.2
- dynamics of the recombination 00—
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Summary of Lecture 4

* Leading Hadroproduction
- sensitive to in-medium pathlength
and density of matter
- sensitivity reduced by trigger bias which
prefers small pathlength, small energy
loss and hard fragmentation

* Jet Shapes and Jet Multiplicities
- no trigger bias 7
- sensitive to e-loss and pt-broadening
- jet-like correlations seen at RHIC

* Hadroproduction at intermediate pt

- neither “thermal” nor “perturbative”

- medium interferes with hadronization procesls E

- characteristic changes of particle ratios

[Mediuml|

ol o

[Medium|



This wasa narrow selectioof topics

which did not touch many topics of active research

- charmonium, bottonium in A+A
- low-mass dileptons

- photons

- small-x physics in A+A and p+A
- EbyE-physics, fluctuations



