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- Truncation of the erG flow equations
(momentum dependent vertiees)

- AppLLcatLow to pertu.rbatiow theory at
finite temperature

- ERG and 2P relations




The “exact” Renormalization Group

Basie strategy (ex scalar field theory)
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Exact flow equation

Theory at “scale” k defined by the regulated action
S — S +AS, =S5,

or the “effective action” TI'\[¢]

Exact flow equation (Wetterich, 1993)
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Kk runs from ‘wmicroscopic scale’ A to zero (regulator vanishes)

‘intttal conditions’ I'e=al®] ~ S|[@]




An iwﬁwi‘cc hierarch Y of
equations for w-poiwt functions

Effective potential
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Bey ond the Local potev»’ciat approximatiow

)--P. B, R. Mendez-galain, N. Wschebor (PLB, 2006)

Two observations

The vertex functions depend weakly ow the Loop momentum
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The hierarchy can be closed by exploiting the dependence
ow the field
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The equation for the 2-point function becomes a closed equation
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Appticatiows

- Critteal ©(N) models (see B. Delamotte’s
Lecture)

- Bose-ELnsteln condensation

- Finite temperature field theory




Now perturbative remormalization group
at finite temeperature

(J.-P B, A. Ipp, N. Wschebor, 2010)

Motivation : physics of the quark-gluon plasma
A paradoxical situation :

Naively: QCP asymptotic freedom implies that matter is
simple at high temperature (weakly interacting gas of
quarks and gluons)

Expertments (heavy ton collisions at RHIC) suggest
that the quark-gluon plasma s ‘strongly coupled’

T&chwioaLng perturloat'ww theory breaks dowwn




Perturbation theory is ill behaved at funite temperature

.............................

Perturbation theory:

g*: Shuryak; Chin (1978)

g’: Kapusta (1979)

g’ In g: Toimela (1983)

g’: Arnold, Zhai (1994)

g’ : Zhai, Kastening (1995),
Braaten, Nieto (1996)

d° In g: Kajantie, Laine,
Rummukainen, Schroder
(2002)

g° (partly): Di Renzo, Laine,
Miccio,
Schroder, Torrero (2006)

Lattice data: G. Boyd et al. (1996); M. Okamoto et al. (1999).




Gewneric feature tn (most) field theortes,
e.9. tn scalar field theory
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weakly AND strongly coupled ...

Degrees of freedom with different wavelengths are
differently coupled.

Expa NSLOWN parameter
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Now perturbative remormalization group
at finite temeperature

(J.-P B, A. t1pp, N. Wschebor, 2010 )

effective action

Zf 0,R.(0)G(Q;p) =

///

propagator G;l(AQ{P) - FE)(Q, —Q;p)+R,(0)

\

regulator

four-momentum vectors:

Q=(w,, q)
0=[Q|

Matsubara frequency w,=21tnT

momentum derivative: 0,=K O,

1
scalar field: p= 5 c[)2
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R&G technigques yield smooth extrapolation to strong coupling
(scalar field theory)

(P®B, A. Ipp, N. Wschebor, 2010)
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eRG and 2P1 technilgues

()P B, ). Pawlowski and U. Reinosa - see talk by Relnosa)

Luttinger-ward expression for the thermodynamic potential
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Gqap equation
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Equation for the four—poiw’c function
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Phi-derivable approximation : choose a set of skeleton diagrams and solve the
corresponding gap equation




eRG ano 2P truncation
Eq. -{:or the ;2—poiwt -fuwctiow
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Truncate with 2P relation

1
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The resulting flow is an exact derivative
0T (p)=0,Zdp)  Z = Z[G,]

Conseguences : flow eq. ‘solves’ the gap equation
no restdual dependence on ‘regulator’




Conclustons

eRG Ls a wice tool
why does Lt work so well ?




