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The “exact”, “nown pev’curbatl\/e”, ”-fvcwctiowal,”
Renormalization Group

Basic strategy (ex scalar field theory)
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Control infrared with “mass-like” regulator
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k runs from wmicroscopie scale A to zero (regulator vanishes)




Awn exact flow equatlow

Theory at “scale” k defined by the regulated action
S -85 +AS,

or the “effective action” T'\[¢]

Exact flow equation (Wetterich, 1993)
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inttial conditlons

Le=alo] ~ S14]




Awn wnfinite hierarchy of
equations for w—poiwt functions

Effective potential
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Note pattern of couplings
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Approximatiow schemes

Main nterest of the eRG s to offer the possibility to
Lmplement approximations at the level of the effective
actiow itself.




The Local potethaL approximatiom,

Assume T |@] = f ddx{%(a¢)2+vk(¢)} for all «
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and the equation for the effective potential becomes a closed equation
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one gets all corvelation functions at once (but only
at zero external momenta)
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Bey ond the Local po’cew’ciaL approximatiow

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

Two observations

The vertex -fuwctiows alepewol weahtg ow the Loop momentum
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The hierarchy can be closed by exploiting the dependence
ow the field
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BMW Scheme

The 2-point function as an example (LO)
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The equation for the 2-point function becomes a closed equation
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Structure of truncation
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The equations to be solved (LO)
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AppLiaatio WS

- Bose-Elnsteln condensation
- crittcal o (N) models

- FLnite temperature




shift of BEC transition temperature oue to
weak repud,si\/e Lnteractlons
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The coefficlent ¢ is obtained from the change in the
fluctuations in a classical field theory at criticality.
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The caleulation of ¢ tnvolves the 2-point
function at all momenta
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Application to critical © (N) model

(from F. Benitez, ).-P. Blaizot, H. Chate, B. Delamotte, R. Mendez-Galain, N. Wschebor,
arXiv:0901.0128 [Phys. Rev. €20 (2009)1)

TABLE 1. Coefficient ¢ and critical exponents of the O(N) models for d=3.

BMW Resummed perturbative expansions Monte-Carlo and high-temperature series

N g v ®w 7 v ) c Ref.® 7 v ® c Ref.*

0 0.034 0.589 0.83 0.0284(25) 0.5882(11) 0.812(16) [13] 0.030(3) 0.5872(5) 0.88 [14] [15]
1 0.039 0.632 0.78 1.15 0.0335(25) 0.6304(13) 0.799(11) 1.07(10) [13][16] 0.0368(2) 0.6302(1) 0.821(5) 1.09(9) [17][18]
2 0.041 0.674 0.75 1.37 0.0354(25) 0.6703(15) 0.789(11) 1.27(10) [13][16] 0.0381(2) 0.6717(1) 0.785(20) 1.32(2) [19][20]
3 0.040 0.715 0.73 1.50 0.0355(25) 0.7073(35) 0.782(13) 1.43(11) [13][16] 0.0375(5) 0.7112(5) 0.773 [21,22]
4 0.038 0.754 0.72 1.63 0.035(4) 0.741(6)  0.774(20) 1.54(11) [13][16] 0.0365(10) 0.749(2) 0.765 1.6(1) [22][18]
10 0.022 0.889 0.80 0.024 0.859 [23]

results for d=2, N=1

n=0254, v=1

(exactvresults n=1/4, v=1)




Anomalous dimension

(Lustration of cut-off
dependence and PMS
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Scaling functions
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Scaling Function
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A closer Look -

h(x) =

Expt: P. Pama Y et al,
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Nown perturbati\/e renormalizatlon Qroup
at finite temperature

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

effective action

Zf 6, J(0)G(Q;p) =
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propagator G;I (Q;p)= ’
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regulator

four-momentum vectors:

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

Matsubara frequency w,=21tnT

momentum derivative: 0,=K O,

1
scalar field: p= 5 d)2
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Flow of coupling constant
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(97 & from A. Gqywther, et al hep-ph/0703307)




eRG Ls a wice tool

why does Lt work so well ?




