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ÅWhat am I doing? 

ÅNonperturbative generalization of the Wilsonian RG theoretical 

framework : Given an exact functional renormalization group 

differential equation, I reformulate its solution in a path integral 

representation.
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ÅThe path integral formulation of the functional RG equation gives rise to a non-perturbative

theoretical framework, which can be identified with emergent dual holography.

ÅThe fundamental property of the RG flow is governed by unitarity & KMS (Kubo-Martin-

Schwinger) symmetry, which can be translated into N = 2 BRST symmetries. In other words, the 

Ward identities from these symmetries allow us to introduce a ñc-functionò or ñrelative entropyò, 

which shows monotonicity. 

ÅThis mathematical structure guarantees consistency of the path integral formulation, which can 

be reformulated into the Wess-Zumino consistency condition for the Weyl anomaly in the local 

RG equation (Hamilton-Jacobi equation for the renormalized on-shell action in the dual 

holography).

ÅWe discuss this aspect based on the monotonicity of the RG flow (c theorem in 2d & a theorem 

in 4d) in the nonequilibrium thermodynamics perspectives, i.e., the Fokker-Planck form of the 

FRG equation.



Weyl anomaly inflow from the bulk and 

anomaly cancellation in the quantum effective action : 

A necessary consistency condition 

for the RG -based emergent dual holography



https://ocw.mit.edu/courses/8 -821-string-theory -and-holographic -duality -fall-2014/
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RG-based

emergent dual holography 

= 

RG Cauchy surface holography



Brute force derivation
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As a result, the first-order RG flow differential equations at UV are promoted 

to be the second-order ones with UV & IR boundary conditions in the extremized RG 

path, self-consistently determined by the theoretical framework itself.
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Claim: Field theoretic O(N), O(1), O(1/N), O(1/N^2), é 

quantum corrections are resumed and reorganized to form a 

holographic dual effective field theory in the large N limit.
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An effective Hamiltonian at UV
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Is there a general prescription beyond explicit and detailed 

implementations of  the Wilsonian RG transformations? More 

rigorously, can I put the RG transformation into the 

framework of  a topological quantum field theory to manifest 

the mathematical structure of  RG? This construction should 

correspond to the path integral formulation of  the Fokker -

Planck type FRG equation.



Key aspects of the derivation or construction

ÅLocal approximation for the Wilsonian effective action and the RG flows

ÅòOne loopó level in every step of the RG transformations (cf. FRG looks 

like one-loop RG transformation. Of course, itõs not.)

ÅRG flows as a gradient flow of an effective potential (cf. can be 

translated into the WZ consistency condition for the Weyl anomaly in 

the local RG equation)

ÅNon-perturbative in nature: Resumed in the all-loop order of the action level

ÅA cohomological type topological field theory construction
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A cohomological -type topological field theory 

construction a la Witten









Remarkably, it turns out that our cohomological -type topological 

field theory construction for the RG -based emergent dual 

holography is essentially identical to Daniel Friedan, A tentative 

theory of  large distance physics , JHEP10(2003)063 , where the 

Fokker -Planck -type functional RG equation has been introduced.




