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A stressful problem:  ~ Heavy Ion Collisions

What is the shear viscosity in QCD ?
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Lagrangian ~  transport coefficients

QCD is a theory! (NOT AMODEL)  Calculate from 1st principles...?

n/s
< perturbation theory: [Arnold, Moore, Yaffe (2001)]

leading-log aT?
a2 In(b/as)

n= Tsf (cs)

¥V AdS/CFT duality: [Kovtun, Son, Starinets (2004)]
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IDEAL hydrodynamics
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https://arxiv.org/abs/hep-ph/0010177
https://arxiv.org/abs/hep-th/0405231
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leading-log “pocket formula” with o« — (27 T')

sensitive to CUT-OFF

7/4n

consensus

3/4n

(estimated) IMPRESSION :

; - ; - " 1/dr cannot understand

2 3 T/T n/s< 1 from pQCD

interacting entropy, s (7)) from lQCD: [Boyd et al, (1996)]
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https://arxiv.org/abs/hep-lat/9602007

Issues with expansion

back of th 7 2 T2
ack of the : ’rfl o< Oy ~ / dtt [%] =a? hl( < [fixed coupling]

envelope:
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What's cooking?

vacuum fluctuations

i thermal contribution
Plysies screening running coupling
0.8 — ——r
- cold? =—— warm?
0.6 -
dTIJ
L el L Lo
1 10 100
Recipe: drop vacuum part Q / GeV Q 12,
— A\l
[old] fixed coupling calculation ‘A
guess scaledep. as( Q) ... Q=2nT \ \
7 L)
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Re® = Regularise, Resum, Renormalise...

2
_E dim. reg.  Ilyac ~ p2(1_1n[P2])
,m,.,é }.,,m,_ € p
N2 Qr HTL M = 7°f (o)
PROPAGATOR: (1-loop, resummed)
. o renorm. Ot(P2)
N vacuum
P2 — a1l P2
2
in heat bath a L AU

P2_anvac_anmat
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Heavy quarks at 7=0

step 1: measure “force” to ADJUST parameters

éaqq(r) .__dV 1-6 T T T T IIIII T T T T

3 dr 1.4 - lattice QCD
By 1.9 |- [Kaczmarek et al (2005)]
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A ~0.2-0.3 GeV

for some observables
(Ng=2)

pQCD MAY work quantitatively @ « ~ 1.
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Heavy quarks at 7+ 0

step 2: compare in order to approximation scheme

(following [ André Peshier, (2006)] )

. e~moT
V- Fl — /ezkrI "
k

T
Debye mass is a crucial regulator

@ finite temperature

mD/T

( v works near T.!)

_ 1
o2rT) m%, = 4ros( m3 ) T? (& + &)
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https://arxiv.org/abs/hep-ph/0601119

Back to viscosity/entropy

step 3: PREDICT physical observables
(following [ AMY, (2003) ] & [ Baym, (1990) ] )

1) Boltzmann eq: (Oi+u-v) f=C[f] < checklist:
2) linearise: f=f@ +6f .. find  S=C[5f] v kinematics
3) variational treatment: v quan.tum stat.
. v~ effective cutoff
Q[o6f]=(of15) - 5 {of[Clof ) 7 running  a(@)
2 -1
n= 1—5Max [Q] o< <S|C |S> ..in “Hilbert space” of §f test functions

Two cents:
renormalise collision operator C [0f ]

July 9, 2015 | Strangeness in Quark Matter | JINR, Dubna | G. Jackson 10/12


https://arxiv.org/abs/hep-ph/0302165
http://link.aps.org/doi/10.1103/PhysRevLett.64.1867

(f)low viscosity with a running coupling!
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PREDICTION :  gradual increase with T'and n/s~ 0.5
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identify inconsistency:

vacuum corrections “dropped” g as ()

/ 1-loop
1-loop, resummed framework // Born X-sec
A
2

(no 1-2 processes yet)

Coupling runs with
different scales!
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Matrix elements

Mpgller

\ qq — qq

Bhabha

99 — 99

Annihilation

LL 99 — 88

Compton

LL 98 — 98

>< j:{: }\,\,\{ Delbriick
gg —8g
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A comment ...

.. on asymptoyic series

L) = =22+ X2 toy “0-dim” QFT

1
2

4 partition _
0(1?) [ function ]_> Z(A)—[dzexp[—L(/\)]
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At LARGE coupling...

truncate @ n~ A
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pQCD still useful!
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