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- trams?o o theery

its vse (s Jus!‘iﬂ‘ed when the ccmcep‘t' of
quasiParHc\c is  well~ defined
(~ it is enougR long lived )

— transporT equations can be derived from
Cresy ?ﬁnc{?\esj 4\\;-., may provide a Link
between +he wicroscopic physics (QCD)

ane “4he macrascopic ane
in connechon 4 RHIC .

» undecstanding +he hydrodynamical
behaviec after +he collision

compytation of +f&rw?a$\‘ coefFicievty
s9cR ag ton duchivites | yigcotidies, efe
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—f‘ran:Porf +heory cam be vsed to sfudy the
behavier of the QGP at

T T, geT) <<1

not clear whether Ahe same md’\odo\ojy
can be applied For TLT,_ ( ce\evant
Coc RHIC)

for T W Ve, and clote 4o equilibrivm ,
-%-rans?-d '\'\\wrj has been thoun 4o be

very efficient Yo describe the \ang dirtance

stn'cs of +ke QGP (o \eadinj order'.)
AN 3

optning a door fo numerita\ computahons of

dynamical q‘_uaﬂ\"\'\(es

QFT vs. 'lflhsper+ 'Hueer\,

in QFT  +the -frusfod‘ coeFFicients are given in +erms of
Kubs relations , .9.

shear viscosH—y
' :
4]: — i — d¥x em<£TrnE (;'t)-nek(0}3>
/

fraceless Fu‘i‘ of the enecyy -
momenfum teasor

bulk vl‘scosr‘{:y
g . ! g wt = =~
il ‘JJ"" ™" ([Fhe), Pl0])
@z @-v. E
Jv.ef
oy

their computution reguires o complicated resummatron
of Teynman diagrams (ladder), a program
that has only been completed for scalar +theories

~ it is Fullj Q?uilfa'cn'f' te a (lnearzred ) Boltamany
egud‘\ion at  leading order in #he Coupl:'nj

Jeon , 96
Jeon and affe , 76

gavge +heories
Forthermore, one has to do +he resummation of +he
hard Ahermal loops , whick account for Debye
screening  and  Landay dampi
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et Prsarski
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weak coupling regime. THT:

= up To mow al| the laada‘nJ order resuffs for the compdted

‘transpor‘r ccefficients , as well as the hard fhermal

effective theory, can be compuTed From classical
“Fransport ‘Huary
~ guasiparticles propagating in the background
of classical chromoelectromagnetic felds

hard modes ~ T quasiparticles
ft wmodes ~qT classica) Fie\ds
these classical fransport «;uaﬁons can be obtained
frem QCD, in the com:spund:"v limet

Heing; Elze, Gyolassy and Vassak

Mrowcaynshi
Blatzet and Tanw

Padeker !

f P
or ane can alfernatively start from puce
classical censidecations
Heinz
Kby, Liv, Lvechesi, C.M,
Litim and C:M.
Laine and C. M.
Talilian -Madan | Jeon , Vtm_gw?h\am wndh Wicrvam

»

what can be sald beyond lea.d\‘nj ocdec ¢
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(tassicel Egua‘libns of Motion for' (olored
Particen
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frirg 20)
= {the cofor charaa_\ art alao pﬁaae.—spacc. variables
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EQGVRATIONS

o 4% (x) + 9 jdc A:’(x) 4t x)-0
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Classical Transport Theory ju- (olered

Particfes

[ U . Heing, 84)

classicel probabitily distribution of finding.

FORRIQ) * | pcticte 5u the state € xpmy G

P{ikg neal constreviafs o
s on wmass-shell evofulion and Poaih'vila o} He enersy

.m?*)

dQ:.__P

Z G(po)
ZL Pe .

d (p*

¢ cnservation <f group <avan'amts

eqg.: SU(3)
daq = d'Q §(QuQa=-¢;) & (dﬂhg QQQEQL" Cs \

O_u’: is a onstrained variable

but one cau afso work with " unnstrained “ vand Ha)
([ Oarboux varmastte, )
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j[np: Qa) evolve) 4n time via a TRANSPORT EQUATION

—“—’j—- = cL[{]

dz
in a collisionbryn cane C =C

# oy o - 1Y x
30" 2 sy%i:{s Hehcitiey ga. )

;(;" x) = 3[@“" dQ p" R o j(x.p, Qo)
ooq- ConsisTent sel "j’

NON-RABELIAN  VLASOV-BOLTRMANN
efuﬁbuf,

(De 3*) ) =0

fan

+he eguation can be solved Pefturba’h’da gee!
as an expansion <n g Q% ( collisionless )

(M. Laire <M, 01 )
f - f‘u""f‘v*‘f")f-"'
A
©

-
D ——— L
? abe b @ (n+!) b —— (n)
FP _&?_33 A" QQ-)j =3Q.f;, 2.&
9?.;
n})

th-\ . _"::g' A ) 3(0)

A"_F f“, - qul"f‘hh -
T ey
and one solves +he above o?va'h-(m for n=0

one urroduces +he hard thermal /°°P
eFFective ‘h‘leory (h”y, L, Luchui, M "W)

j';fx) = q j de d@ pr Q. f"’(x.p.Q)

6 FHTL

a': (x) =
Sﬂ; (=)




(1p2q @ A"
& p:%‘? l'.tr.)/:’

for guarks / an'h'gvarks
(similar selohons for Jlﬁ-""ﬁ )

ii) stakit limif 2, A: =0

jz{le]Q) = ;

e[.—(f.t QQ‘A: Yzp dir +1
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Exact classical effective achion jn the strhc case
bu‘f‘ EXRCT Squ‘h'ons can A'So bc ;Ouﬂd F(OM feﬂm'om'c. dC"‘ EJ crakm
d f Ap 2 AL Q”
N = o . 2 I.Ta- Y
= Borral -
dz n-= N;SJQ {(450T+ - *,,,_“-t)
look for constanks of mdtion under +he _ 31__ (T"'-r-tr) A, +_"'_( I_’:+£) H:
Wong dynamics 3 w - T i
] L
A Bk '?EF‘ Ao + 3%.?5 A:} i
i) komojeneous limit 9:Re =0 i=21,2,3 L dynamical ase’
4 +his would agree ith the one.-laop fermionic.
J2(xpi@) =

comtribution +» the stahc effechive petenhial in QF T
iF

I

Jd@ @ O -G, = 7L ToTo—Tan]

£ym

<t works for n £ 3

it Fails For n=U unless the Parh'cks arc
in  high colosr dimensional rcloresen'iatl?ms
~ the colour can be freated chssica”g.

how should one freat +he low éolour
dimengiona) rcffescrrhﬁbns 7

- compubadion is ok fr UV ,(QED)
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Rasult &or a jenera.\ mPreseﬂ’Ya:'don of SV(2) N

Jd@ 0 Q Q= Ler) (46 8¥6 18vi8")

N = qu (Ar Q") = ;'- 4. CrRICATATY
|

L

I o q 2
@)Y> Te(n) = %'—a«gcn) (cgm—s-)J(A,ho)
!

d"s 2.54-\ Aimention of the chruerﬁ'a'\\'on

Ca2(R) = é(i*'\)

Qv adradic Casimir

Teor \;‘.3\\ é CA) is 2 aooo\ a?‘ﬁﬂx.ima'“ﬁv\
of C2)

Altecnatives 7

w(x\r) = wtm‘:ﬁh% ul“'fx.?)

)
YP.D) W(xsp)] + % r"" { Frv P ,'a?, anp)}zO

= ik Aees nol even rc_wro&vu. Yhe werec

o‘)e.ra.\'ucs A

Going beyond classical tramsport -\-\ncory

“4reat color ?,uan"'um mecl\am‘cally

f(x,P,Q) —) W (=, )

makrix in color tpate
for matrer in +he fundamental representalion
fo‘P) = B(x-p)’.ﬂ-. -+ 1—: w.'(x-la)

[P.D’ W(x.P)] + 3 rl"{ Fr\,, g‘ W(X\P)) =0

Pv

. d’ r
3'; (X}:‘- g.j;;%;"g— Tf' (Tu_ W{X'P))

e.q. for SV(2)
— % LY ? (-9
Pf‘q_ u)(x:P) -+ = p* T';__‘, (x) %;; w*lep) = O

ab b 9 —
] P?‘Dr uJ"(x-PX + 9 P" Fr,,(xJ?—p: w(x.p\ =0

= Selvin5 +the qu'h'ons to order 33 in the static

case : numerical mismated with QFT
and  non-local piewes amde !/
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