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Heavy ion collisions
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Quark-gluon plasma signals

Q soft probes o ...
O .es

0 hard probes o jet quenching ... partonic energy loss

O ... /

2 mechanisms €—

binary collisions induced radiation
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similar to
ionization
loss

High energy quarks and gluons propagating through quark-gluon
plasma suffer differential energy loss via elastic scattering from
quanta in the plasma. This mechanism is very similar in structure to
ionization 1loss of charged particles in ordinary matter. The dE/dx 1s
roughly proportional to the square of the plasma temperature. For
hadron-hadron collisions with high associated multiplicity and with

jet
quenching

transverse energy dET/dy in excess of 10 GeV per unit rapidity, it 1is
possible that quark-gluon plasma is produced in the collision. If so, a
produced secondary high-p,r quark or gluon might lose tens of GeV of its
initial transverse momentum while plowing through quark-gluon plasma

produced in its local environment. High energy hadron jet experiments

should be analysed as function of associated multiplicity to search for

correlations

this effect. An interesting signature may be events in which the hard

collision occurs near the edge of the overlap region, with one jet

escaping without absorption and the other fully absorbed.
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dE/dx ... (t)

Bjorken 1982

b ~ a?T?1In E—g
dx m
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Bethe-Bloch ... Bjorken
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dE/dx ... (t)

Braaten & Thoma 1991 Bjorken 1982
dE 22 ET ar o2 BT
- ~ a°T (lnm—%@) o T In mQD
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dE/dx ... (t)

Braaten & Thoma 1991

dE ET
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Bjorken 1982
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dx mp
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Whatever they do—... RUN ...
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Whatever they do - RUN

guantum corrections to Born X-section

thermal contributions vacuum contributions E g g X —> }]t

screening running coupling

4r / By

running coupling «(t) =1 17A7) crucial for QCD energy loss
n(—t

i S B

: ET
x T° a(m?)a(ET) In 5 AP 2006
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< predictive leading log result
< NB: dE/dx — constant for large E
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dE/dx ... (t)

Peigné & AP 2008 AP 2006
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P P d p p roac h soft contribution

hard themal loop
\ perturbation theory

®, g
>

A \
m hard contribution

with Born X-sections

-

separation scale,
drops out in final result
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Compton - full stop.
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dE/dx with flow
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Probabilistic description

dE/dx is ‘stopping power’ ... there is also range straggling’

%

A

need probabilistic approach

P(AE)

J I\ s

dE [dx Ax

» how to NOT get the PDF
= deterministic loss

= (Gauss smearing

» via Fokker-Planck eqgn.
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Collision rate

[ v’ quantum .;,ta)istic_sJ v’ kinematics
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Markov_;,.manm €VOlution

Consider ensemble of test particles.
Evolution of spectrum is 1st order Markov process.

@ in small interval dt:

f(q) — f(q,6t)

@ discretize (bin) momenta: fq(t) = (’];p)" fp ' evolution = matrix power

p/GeV p/GeV
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f(q) —dtT(q)f(q) +ot[dpP(q,p)f(p)

/dp T(q,p; 6t) f(p) transition matrix
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Charm (partonic) equilibration

f(p,t)

k1 -faster approach
to therm. equilibrium

=-==-12 fm/c
~== equilib
AP 2008
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Heavy flavor R,, & v,
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Resume

+ need to be more precise than “prescriptions‘/questionable approximations

« collisions need to be considered, besides gluon radiation, to understand
heavy charm quenching and anisotropy

+ stay tuned ©
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