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RHIC-ognition

hadronic matter at large density/temperature is Quark-Gluon plasma

)

jet quenching as most instructive probe J

4

required: quantitative understanding of underlying physics

analytical result = " x dimension [1 4 corrections]

without quantifying ‘the’ coupling a:
NO predictive power
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Coupling: QCD vs. QED
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§ QED QCD | 11 —gnf | ~0.2Ge
s
QCD
Thomson limit o NO QCD coupling ‘per se’
@ in particular for heavy ion
phenomenology, knowledge
of relevant scale is crucial
1n(AQCD) ll’l(Q)

QCD coupling p. 3
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Heavy quarks at T =0

© nonperturbative coupling from lattice QCD
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Heavy quarks at T =0

@ pQCD: loop corrections to tree-level amplitude

renorm H ||ng
_ (e running coup
M E*E*E* a(t = 1/r)
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Heavy quarks at T =0

@ pQCD: loop corrections to tree-level amplitude

renorm H ||ng
_ (e running coup
M E*E*E* a(t = 1/r)

1.6 . -
string . .
e ) 1 provocative observation
1.2 - of . .
= | o i pQCD works quantitatively
c‘ —
s 08r ﬂl 7 even at & ~ 1, NB with
04 - /\[nf:2] = 0.2GeV
ST [AP, hep-ph/0601119]
107 10 1 L nepp
r [fm]
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Heavy quarks at T > 0

screening of

(1) charges in plasmas (2) divergences in integrals

flg)

®

V() ~ Z2rll)

n ~mp q

Debye mass mp = /51 is important IR regulator in thermal field theoryJ
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QCD Debye mass

m2D from longitudinal gluon polarization

M= O == Q = e’

standard textbook(!) prescription

© drop vacuum part

M€ ~ aP? (e ' + In(—P? /%))

@ guess coupling in M7 ~ aT?
a—a(Q3), Qr=2rT

Fn%) = (1 + %nf) 47‘('04(0%—) T2




QCD Debye mass

m2D from longitudinal gluon polarization

M= O == Q = e’

standard textbook(!) prescription compare to lattice QCD

T T T T T T T
© drop vacuum part o |
N7 ~ aP? (e ! + In(—P?/1?)) LT

@ guess coupling in M7 ~ aT?

mD/T
T
iy
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a—a(QF), Qr=27T . l

1 2 3 4
m"2 ] 1 2 T2

[Kaczmarek et al.]
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QCD Debye mass

m2D from longitudinal gluon polarization

M= O == Q = e’

standard textbook(!) prescription compare to lattice QCD

T T T T T T T
© drop vacuum par+ .
N ~ap?( Q(’ ~P?/u?)) -
Q & Q,)Ilng in M7 ~aT?

~ non-pert. effects??J
w—a(QF), Qr=2rT L

1

mD/T
T
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| s | s | s |
1 2 3 4
= (1+ gnf) 4ma(Q%) T2 T)T

[Kaczmarek et al.]
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QCD Debye mass

loop correction to amplitude in

M = E+E+E+...:M”C+M7ﬂ |t nTngt)]
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QCD Debye mass

loop correction to amplitude in

M = E+E+E+...:M”C+M7ﬂ |t HTTZ()t)]

applicable ‘leading order’ result

m? = (1+ Lns) dma(m?) T2

e predictive (A is fixed)
@ RG and gauge invariant

[AP, hep-ph/0601119]
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QCD Debye mass

loop correction to amplitude in

M = E+E+E+...:M”C+M7ﬂ |t HTTS()t)]

applicable ‘leading order’ result L

m? = (1+ Lns) dma(m?) T2 s b \"‘n‘\ i

e predictive (A is fixed) i ol x .
Q
g

@ RG and gauge invariant

1 —
[AP, hep-ph/0601119] ny=2|

works quantitatively for T ~ T, J
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Once more: Why this is more than academic

‘ uncertainty, 'k-factor’ < \Q
al/? ‘ ~ 1.4 4 ]
T/,
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Once more: Why this is more than academic

‘ uncertainty, 'k-factor’ < \Q
al/? ~ 1.4 4 ]
T/,
al ~ 2
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Once more: Why this is more than academic

‘ uncertainty, 'k-factor’

/

al/? ~ 1.4 4

o2 ~ b
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more: Why this is more than academic

uncertainty, 'k-factor’

/

al/? ~ 1.4 L=
ot ~ 2 '

o? ~ b ji{:
a3 ~ O(10) \gj

2
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Once more: Why this is more than academic

uncertainty, 'k-factor’ © Q
al/? ~ 1.4 1= ]

a? ~ 5
o? ~ O(10) \gj

recall:  jet quenching interpreted as radiative energy loss

4

huge transport coefficient,
mabye factor 10 larger than expected

2
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Once more: Why this is more than academic

uncertainty, 'k-factor’ © Q
al/? ~ 1.4 1= ]

a? ~ 5
o? ~ O(10) \gj

recall:  jet quenching interpreted as radiative energy loss

4

huge transport coefficient,
mabye factor 10 larger than expected

2

Do we really understand the BASICS??J
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Parton energy loss

@ paradigm: radiative dominates collisional energy loss

d coll
df/i ~ EY2 s dE’Z"”‘e” ~ a2InE
I Ix

@ observation: heavy quarks are also quenched, although they radiate
less than light flavors

= Is there a sizable collisional contribution?
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QCD collisional energy loss

E E
dEcolI n(k) Ek do .
Bjorken ‘82: ~ dtt —
jorien dx /,(3 2k / dt
k k
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QCD collisional energy loss

E B
dEcolI n(k) Ek do .
jorken dx /,(3 2k / dt
EE
do  o? Ek a? 5. Ek divergence,
g " e ™ /,,; Mt = INE IRecutoff required

Gyulassy, Braaten, Thoma calculate p ~ mp with hard thermal loop theory
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QCD collisional energy loss

E B
dEcoII n(k) Ek do .
jorken dx /,(3 2k / dt
EE
do  o? Ek a? 5. Ek divergence,
g " e ™ /,,,2 Mt = INE IRecutoff required

Gyulassy, Braaten, Thoma calculate p ~ mp with hard thermal loop theory

conceptual inconsistency

thermal fluctuation needed, quantum contributions ‘forgotten’

= value of a unspecified in dEZY), . /dx ~ a® T2 In(ET /mp)
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QCD collisional energy loss

revise Bjorken’s formula

E E E E,
renorm
—_— t 7& Z
K PR

do  o?(t) Ek t
de 2 /mg, and(ene) ~ mp) — alEk)
Ek

structural modification of Zgjoien ~ a?ln —
1
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QCD collisional energy loss

revise Bjorken’s formula

E E E E,
renorm
—_— t 7& Z
K PR

2 Ek
do o) . IN/ dt—— ~ a(md) — a(EK)

A 2 2
dt t m2, t2In%(t/A2) o
structural modification of Zgjoien ~ a?ln —
I
applicable ‘leading order’ result
dECO” Fooo : " dEg.‘?”
— 3jorken ~ 2712 ﬂ
g olmp)T™ vs. =55 ~afToIn 5 | 1ap pRL (2006)]

o predictive! (A has been fixed)
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QCD collisional energy loss

saturation due to asymptotic freedom:

dE“;qcl)lrken
vs. # ~a?T?In(ET/m3)
N
BGBT |\

asympt. freedom

with running coupling

dE /dx

log(E)
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Jet quenching

[BDMS]: mean energy loss inappropriate to describe jet quenching

: - . neN | i

‘shift’ formula misleading! dp
o _ dN(p+ AE)/dp S

shift — dN/dp R \\\\
with AE = L dE /dx =0

. AE. ™
fails for ‘steep’ spectrum

D

energy loss AE is stochastic
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Jet quenching

near

Occam’s razor

MC simulation

@ only collisional energy loss far
@ central collisions and mid
rapidity
@ Bjorken geometry (R) and S -
dynamics I T=0.16GeV
/3 4~ m— T =0.5GeV
T(r)=To(2) L '

P ()

@ Jocal energy-loss probability
(eikonal approx., pu? = 3m3%)

[AP, PRC 2006]
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Jet quenching

. . . dN /dplfin
partonic suppression ratio Ry = ——————
dN /dpl|ini
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Jet quenching

1t J
08 | 1
collisions
06 | 1 .
Qg? do contribute
04 L st ] to jet quenching
set3 ===--
set 4
0.2 ¢ set 5 1 [AP, PRC 2006]
set G
0 1 1 1 1
4 8 12 16 20
D (GeV)
set 1 set 2 set 3 set 4 set 5 set 6
R (fm) 5 3 5 5 5 7
To (GeV) 05 05 0.3 0.7 0.5 05
7 (fm) 0.2 0.2 0.2 0.2 0.1 0.2
Tc (fm) ]| 61 | 61 13 | 167 | 31 | 61
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Resumé

principle of cognition

describe one phenomenon — predict others

QCD:
@ fix A once and for all: heavy quark potential at T =0
@ (re-)calculate: Debye mass

collisional energy loss
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