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1: Introduction to the functional renormalization group | Search Results | IUCAT
The functional renormalization group is a modern formulation of the Wilsonian renormalization group in terms of formally
exact functional differential equations for generating functionals. In Part I the reader is introduced to the basic concepts
of the renormalization group idea, requiring only basic knowledge of equilibrium statistical mechanics.

In most cases of interest the Wetterich equation can only be solved approximately. Different systematic
expansion schemes such as the derivative expansion, vertex expansion, etc. The choice of the suitable scheme
should be physically motivated and depends on a given problem. The expansions do not necessarily involve a
small parameter like an interaction coupling constant and thus they are, in general, of nonperturbative nature.
Aspects of functional renormalization[ edit ] The Wetterich flow equation is an exact equation. However, in
practice, the functional differential equation must be truncated, i. As in every nonperturbative method, the
question of error estimate is nontrivial in functional renormalization. One way to estimate the error in FRG is
to improve the truncation in successive steps, i. The difference in the flows for different truncations gives a
good estimate of the error. If bosonization is used, one can check the insensitivity of final results with respect
to different bosonization procedures. Specifically, identification of fixed points of the renormalization group
evolution is of great importance. The presence of partially stable infrared fixed points is closely connected to
the concept of universality. Universality manifests itself in the observation that some very distinct physical
systems have the same critical behavior. For instance, to good accuracy, critical exponents of the liquidâ€”gas
phase transition in water and the ferromagnetic phase transition in magnets are the same. In the
renormalization group language, different systems from the same universality class flow to the same partially
stable infrared fixed point. In this way macrophysics becomes independent of the microscopic details of the
particular physical model. Compared to the perturbation theory , functional renormalization does not make a
strict distinction between renormalizable and nonrenormalizable couplings. All running couplings that are
allowed by symmetries of the problem are generated during the FRG flow. However, the nonrenormalizable
couplings approach partial fixed points very quickly during the evolution towards the infrared, and thus the
flow effectively collapses on a hypersurface of the dimension given by the number of renormalizable
couplings. The Wetterich equation can be obtained from the Legendre transformation of the Polchinski
functional equation, derived by Joseph Polchinski in The concept of the effective average action, used in
FRG, is, however, more intuitive than the flowing bare action in the Polchinski equation. In addition, the FRG
method proved to be more suitable for practical calculations. Typically, low-energy physics of strongly
interacting systems is described by macroscopic degrees of freedom i. For instance, quantum chromodynamics
is a field theory of interacting quarks and gluons. At low energies, however, proper degrees of freedom are
baryons and mesons. While the microscopic theory is defined in terms of two-component nonrelativistic
fermions, at low energies a composite particle-particle dimer becomes an additional degree of freedom, and it
is advisable to include it explicitly in the model. The low-energy composite degrees of freedom can be
introduced in the description by the method of partial bosonization Hubbard-Stratonovich transformation. In
FRG a more efficient way to incorporate macroscopic degrees of freedom was introduced, which is known as
flowing bosonization or rebosonization. With the help of a scale-dependent field transformation, this allows to
perform the Hubbard-Stratonovich transformation continuously at all RG scales k. Functional
renormalization-group for Wick-ordered effective interaction[ edit ] Contrary to the flow equation for the
effective action, this scheme is formulated for the effective interaction V.
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1 Introduction to the Renormalization Group Hands-on course to the basics of the RG (based on: Introduction to the
Functional Renormaliz ation Group by P. Kopietz, L. Bartosch, and F. SchÃ¼tz) Andreas Kreisel Institut fÃ¼r
Theoretische Physik Goethe UniversitÃ¤t Frankfurt Germany.

The modern name is also indicated, the beta function , introduced by C. The renormalization group prediction
cf. Early applications to quantum electrodynamics are discussed in the influential book of Nikolay
Bogolyubov and Dmitry Shirkov in A deeper understanding of the physical meaning and generalization of the
renormalization process, which goes beyond the dilation group of conventional renormalizable theories,
considers methods where widely different scales of lengths appear simultaneously. It came from condensed
matter physics: This approach covered the conceptual point and was given full computational substance in the
extensive important contributions of Kenneth Wilson. Remarkably, quantum mechanics itself can induce mass
through the trace anomaly and the running coupling. Applications of the RG to particle physics exploded in
number in the s with the establishment of the Standard Model. In , [11] it was discovered that a theory of
interacting colored quarks, called quantum chromodynamics , had a negative beta function. Conversely, the
coupling becomes weak at very high energies asymptotic freedom , and the quarks become observable as
point-like particles, in deep inelastic scattering , as anticipated by Feynman-Bjorken scaling. QCD was
thereby established as the quantum field theory controlling the strong interactions of particles. Momentum
space RG also became a highly developed tool in solid state physics, but its success was hindered by the
extensive use of perturbation theory, which prevented the theory from reaching success in strongly correlated
systems. In order to study these strongly correlated systems, variational approaches are a better alternative.
The conformal symmetry is associated with the vanishing of the beta function. For heavy quarks, such as the
top quark , it is calculated that the coupling to the mass-giving Higgs boson runs toward a fixed non-zero
non-trivial infrared fixed point. In string theory conformal invariance of the string world-sheet is a
fundamental symmetry: The RG is of fundamental importance to string theory and theories of grand
unification. It is also the modern key idea underlying critical phenomena in condensed matter physics. Block
spin[ edit ] This section introduces pedagogically a picture of RG which may be easiest to grasp: Assume that
atoms interact among themselves only with their nearest neighbours, and that the system is at a given
temperature T. The strength of their interaction is quantified by a certain coupling J. The physics of the system
will be described by a certain formula, say the hamiltonian H T,J. Further assume that, by some lucky
coincidence, the physics of block variables is described by a formula of the same kind, but with different
values for T and J: Perhaps, the initial problem was too hard to solve, since there were too many atoms. Now,
in the renormalized problem we have only one fourth of them. But why stop now? Another iteration of the
same kind leads to H T",J" , and only one sixteenth of the atoms. We are increasing the observation scale with
each RG step. Of course, the best idea is to iterate until there is only one very big block. Often, when iterated
many times, this RG transformation leads to a certain number of fixed points. To be more concrete, consider a
magnetic system e. The configuration of the system is the result of the tradeoff between the ordering J term
and the disordering effect of temperature. For many models of this kind there are three fixed points: This
means that, at the largest size, temperature becomes unimportant, i. Thus, in large scales, the system appears to
be ordered. We are in a ferromagnetic phase. Exactly the opposite; here, temperature dominates, and the
system is disordered at large scales. In this point, changing the scale does not change the physics, because the
system is in a fractal state. It corresponds to the Curie phase transition , and is also called a critical point. So, if
we are given a certain material with given values of T and J, all we have to do in order to find out the
large-scale behaviour of the system is to iterate the pair until we find the corresponding fixed point.
Elementary theory[ edit ] In more technical terms, let us assume that we have a theory described by a certain
function Z.
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3: The Net Advance of Physics
In theoretical physics, functional renormalization group (FRG) is an implementation of the renormalization group (RG)
concept which is used in quantum and statistical field theory, especially when dealing with strongly interacting systems.
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The Wilsonian renormalization group (RG) was invented in order to study the effect of strong fluctuations and the mutual
coupling between different degrees of freedom in the vicinity of continuous.
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1 Introduction 2 Scale-dependent Functionals 3 Derivation of Flow Equations 4 Functional Renormalization in QM 5
Scalar Field Theories 6 O(N) Models Andreas Wipf (FSU Jena) The Functional Renormalization Group Method - An
Introduction

7: [] An introduction to universality and renormalization group techniques
Introduction to the nonequilibrium functional renormalization group J. Berges, D. MesterhaÃ‚Â´zy Institut fuÃ‚Â¨r
Theoretische Physik, UniversitaÃ‚Â¨t Heidelberg, Philosophenweg 16, Heidelberg, Germany Abstract In these lectures
we introduce the functional renormalization group out of equilibrium.

8: Pdf Introduction To The Functional Renormalization Group
In theoretical physics, the renormalization group (RG) refers to a mathematical apparatus that allows systematic
investigation of the changes of a physical system as viewed at different scales.
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