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What is it good for?

It's the analogue of the ‘Bethe-Bloch’ formula for plasmas.

Someone must have thought about it long time ago 1?

‘In all affairs it's a healthy thing now and then to hang a question mark on
the things you have long taken for granted.’ (Bertrand Russell)
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RHIC-ognitions

Raa ~ partonic jet quenching
hadron matter at large T ’ «— usually interpreted as radiative

is quark-gluon plasma energy loss, yet with somewhat

‘surprising’ parameters, e.g. g
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Raa ~ partonic jet quenching
hadron matter at large T «— usually interpreted as radiative
is quark-gluon plasma ’ energy loss, yet with somewhat

‘surprising’ parameters, e.g. g

‘electron puzzle’: heavy quarks radiate less
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Two mechanisms

collisional energy-loss radiative energy-loss

E E-AE E E-AE
+AE S
AE
dEc 0 dEaq 3 1
[Bjorken, Gyulassy-Braaten-Thoma] [BDMPS(Z), GLV, ...]
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Two mechanisms

collisional energy-loss radiative energy-loss

E E-AE E E-AE
+AE S
AE
dEc 0 dEaq 3 1
[Bjorken, Gyulassy-Braaten-Thoma] [BDMPS(Z), GLV, ...]

‘paradigm’: collisional < radiative loss

statement clearly depends on value of the coupling «
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Coupling: QCD vs. QED

theoretical result = o x dimension x [1 + corrections]

. non-pert.
O[(QZ) — Lﬁo2 S
In(Q?/N?) =
QCD
| B | A
QED _% 10 GeV Thomson limit QED
QCD | 11— 3nf | ~0.2GeV
ln(AQCD) ln(Q)

there is NO QCD coupling ‘per se’ = ‘relevant scale’ Q is crucial)
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Strong coupling with perturbative methods?

. : oV,
@ heavy quark potential V,,(r) — coupling agq(r) = %rza—qq
E
o lattice QCD [Kaczmarek et al ] ———rr
@ string parameterization: 16 i string ﬁ ]
1.2 %
Vog = 3ar Lyor = A .
=2} y
S 08 m=2 P -
—a’ = a+j 312 S I *@f 1
0.4 o .
.A.“ i
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r [fm]
NO asympt. freedom
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Strong coupling with perturbative methods?

. oV,
O heavy quark potential Vyq(r) — coupling agq(r) = 3 r?—22

or
o lattice QCD [Kaczmarek et al ]
@ string parameterization: 1.6 | _ -
string g
— () ®»
o _ L ° .
Vg = 3ar Ltor - 1-2- P
g — 3 2 \6‘ L =2 g .
— o = a+4ar s 0.8- L &&
04l o]
@ challenge pQCD
1l
a(q® = r?) 107 10" 1
r [fm]
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Strong coupling with perturbative methods?

. oV,
O heavy quark potential Vyq(r) — coupling agq(r) = 3 r?—22

or
o lattice QCD [Kaczmarek et al ]
@ string parameterization: 1.6 - ' .
string
)
o _ 12} o
Vg = 3ar Lyor = i 9]
—a’ = a+3o0r? S osr m=2 -
04 -
@ challenge pQCD
"non-pert.”
2 -2 2 1
algc=r") 10 10 1
r [fm]

‘provocative’ observation [AP 2006]
pQCD with A = 0.2GeV can work quant’ly even at & ~ 1
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Strong coupling with perturbative methods?

@ heavy quark potential at T > 0: Debye screening

V(r) ~ exp(—rr//D)

Debye mass mp = /51 is
important IR regulator

Andre.Peshier@subatech.in2p3.fr, QCD collisional energy loss «E» QCD coupling, p.7



Strong coupling with perturbative methods?

@ heavy quark potential at T > 0: Debye screening
Qop: === = ) mh = a(Q@)ar (14 Lng) T2
‘folklore’: Q@ ~2n T
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T
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1+
r

1 2
Debye mass mp = /51 is
important IR regulator
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Strong coupling with perturbative methods?

@ heavy quark potential at T > 0: Debye screening
QGP: = = ) w2 = a(Q%)an (14 Lnp) T2

renormalization: Q@ = mp [AP 2006]

M = A =0.2GeV ]
3 O -
iy 8
. I \ i
\Q 2_&_
g

V() ~ 22T/ ) = :

1 2 ‘ 3
Debye mass mp = /51 is J

T/T,
important IR regulator

pQCD with A = 0.2GeV works near TC!J
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«E»
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Interlude: Why this is more than academic

= incorrect ‘choice’ of relevant momentum scale in a(@?) can lead to
false picture of a ‘more’ strongly coupled QGP!

‘ 'k-factor’ 3T
al/? ‘ ~1.4 )
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Interlude: Why this is more than academic

= incorrect ‘choice’ of relevant momentum scale in a(@?) can lead to
false picture of a ‘more’ strongly coupled QGP!

o | ‘\\\77
‘ 'k-factor’ T
a2 | ~14 s
T/T, s
al ~ 2
a? ~ 4
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Interlude: Why this is more than academic

= incorrect ‘choice’ of relevant momentum scale in a(@?) can lead to
false picture of a ‘more’ strongly coupled QGP!

'k-factor’ 3T
al’? ~ 14 _I .
T/T, 2
al ~ 2
2 ~ 4 ,
a® | ~0(10)
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Interlude: Why this is more than academic

= incorrect ‘choice’ of relevant momentum scale in a(@?) can lead to
false picture of a ‘more’ strongly coupled QGP!

o \;m\
'k-factor’ 3T
KT Y =
T/T, 2
al ~ 2
2 ~ 4 ,
a® | ~0(10)

recall: inferred transport coefficient § ~ 10 GeV?/fm seems factor 10 too large
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Interlude: Why this is more than academic

= incorrect ‘choice’ of relevant momentum scale in a(@?) can lead to
false picture of a ‘more’ strongly coupled QGP!

o \;m\
'k-factor’ 3T
KT Y =
T/T, 2
al ~ 2
2 ~ 4 ,
a® | ~0(10)

recall: inferred transport coefficient § ~ 10 GeV?/fm seems factor 10 too large

Do we really understand the BASICS of QCD energy loss? J
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QCD collisional energy loss |
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Critical review

K E,

dEcolI n(k) Ek do

Bjorken ‘82: ~ dtt —
jorken '8 dx /k3 2k / dt ¢
k k’
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Critical review

E E
dE<! n(k) [ do
Bjorken ‘82: ~ dtt——
jorken dx /k3 2k / dt !
do 0472 - Ekdtta—z _ 2In§ divergenkce, k
dt 2 Bjorken 2 2@ 2 IR-cutoff required

Gyulassy, Braaten, Thoma calculate i ~ mp with hard thermal loop theory
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Critical review

E E
dE<! n(k) [ do

Bjorken ‘82: ~ dtt

jorken dx /k3 2k / dt !

do a2 I Ekdtta: 2 Ek divergenkce, k

dt £2 Bjorken 2 2@ 2 IR-cutoff required

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

conceptual inconsistency

thermal fluctuation needed — vacuum contributions ‘forgotten’

= value of « unspecified in dEEY, . /dx ~ a®>T?In(ET/mp)

NB: this often-used formula is NOT PREDICTIVE!
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Revision

calculate loop-corrections and renormalize: g E
@ IR-screening at scale of Debye mass B t
@ bare coupling — running coupling B R
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Revision

calculate loop-corrections and renormalize: g E
@ IR-screening at scale of Debye mass E — t
@ bare coupling — running coupling B R

crucial modification of t-integral

Ek a? 5, Ek
IBjorken ~ 5 dt t t72 = |n 5
Jm? mp

do  a?(t) Ek 1
—_—~ : I ~ dt t —_— v I”2 - Ek
dt /mz t2In%(t/A2) a(mp) = a(Ek)

D
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Revision

calculate loop-corrections and renormalize: g E
@ IR-screening at scale of Debye mass E — t
@ bare coupling — running coupling B

crucial modification of t-integral

~Ek 2
Q 5, Ek
IBjorken ~ / dtt t72 =a”In—-

. )

do  a2(t) B

LY D T~ | dtt———— ~ a(m}) — a(Ek
dt t2 m o t2In?(t/A?) (mp) = a(Ek)

[AP 2006]
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QCD collisional energy loss

dEcoll dE<ce!
o (a(m3) —a(ET)) T2 vs. % ~a?T?In(ET/m3)
e predictive! (A is fixed) “
@ 1st order in the coupling at BGBT§ asympt. freedom

soft scale: it can be larger

than previously ‘assumed’ with running coupling

dE/dx

o for large E: saturation due
to asymptotic freedom

log(E)

QCD collisional energy loss, p. 12
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Jet quenching

dE /dx insufficient for jet quenching, we need stochastic description [BDMS]

Occam’s razor: only collisional loss

MC simulation

@ Jocal energy-loss probability

P(w) in eikonal approx. [ T ]
T =0.16GeV

@ central collisions and mid T = T=05Gev. 7
rapidity 3 st n=2| A

@ Bjorken geometry (R) and 2oL i

dynamics
70 1/3 1 -
T(r) =T, <7) -
(1) =To(— )
10? 10" 1 10
w (GeV)

[AP 2006]

Andre.Peshier@subatech.in2p3.fr, QCD collisional energy loss QCD collisional energy loss, p. 13



. . . dN/dpl|fin
partonic suppression ratio Ry = ————
dN/dp|ini
1r ]
0.8 | oA e L
—- = __,_H-F-'—-'_\_-- --
> 06} ___:"-_—
04 | - far
0.2}
0 1 1 1 1
4 8 12 16
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Jet quenching

1 L .
0.8 1
sizeable collisional
0.6 | 1 .
Q:@ contribution to
set 1 A A
04 | e o jet quenching
set3 —----
set 4
0.2 set 5 1 [AP 2006]
set 6 -
0 1 1 1 1
4 8 12 16 20
p; (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
7o (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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QED collisional energy loss
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Critical review

running coupling does not affect QED-'playground’ muon in et~ plasma

n.l.I. calculation [Braaten & Thoma 1991]

@ Braaten-Yuan matching method
e hard contribution: tree-level amplitude
e soft contribution: hard thermal loop propagator l q
e matching at intermediate scale eT < ¢* < T

o relevant limit E>M > T,ie. v —1

v—1 412
e*T 2E
In — +2.031
I 7 201

_dE
dx

BT 487
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Critical review

running coupling does not affect QED-'playground’ muon in et~ plasma

n.l.I. calculation [Braaten & Thoma 1991]

@ Braaten-Yuan matching method
e hard contribution: tree-level amplitude
e soft contribution: hard thermal loop propagator l q
e matching at intermediate scale eT < ¢* < T

o relevant limit E>M > T,ie. v —1

v—1 412
e*T 2E
In — +2.031
I 7 201

_dE

BT 487
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Revision

n.l.l. accuracy requires

e thorough re-calculation of hard contribution of pe®-scattering

= new result [Peigné & AP, to be publ.]

dE |V e*T2 | 2F ') 3
- = InS— +1n24 —y4 22
dx s |"eT T TR s
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Revision

n.l.l. accuracy requires

e thorough re-calculation of hard contribution of pe®-scattering

@ calculation of Compton contribution

(previously missed by incorrect assumption) :}-»-{

= new result [Peigné & AP, to be publ.]

dE |V e*T2 | 2F ') 3
- = InS— +1In24—y+ 222
dx s |"eT T TR s

AT2[ 4TE 5 (2
€ In — +C()
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Resumé

principle of cognition

describe one phenomenon — predict others
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Resumé

principle of cognition

describe one phenomenon — predict others

QCD:

o fix A once and for all
o heavy quark potential at T =0

(re-)calculate

e Debye mass
o collisional energy loss dE /dx
e jet quenching
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QCD:

o fix A once and for all
o heavy quark potential at T =0
o (re-)calculate

e Debye mass
e collisional energy loss dE/dx
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‘It's promising for the future. The important matches are coming. J
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Resumé

principle of cognition

describe one phenomenon — predict others

QCD:

o fix A once and for all
o heavy quark potential at T =0
o (re-)calculate

e Debye mass
e collisional energy loss dE/dx
e jet quenching

‘It's promising for the future. The important matches are coming. J

(Zinedine Zidane)
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