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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.

ÅWhy?

ÅHow?
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Why Č To solve unsolved problems
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A weakly coupled UV fixed point: Quasiparticles + perturbations

non -perturbatively  RG flow to

A strongly correlated IR fixed point: Absence of  quasiparticles or 

fractionalized quasiparticles + novel multiparticle spectra
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A weakly coupled UV fixed point: Quasiparticles + perturbations

non -perturbatively RG flow to

A strongly correlated IR fixed point: Absence of  quasiparticles or 

fractionalized (novel) quasiparticles + novel multiparticle spectra

Dynamics of  quasiparticles are correlated with various multiparticle spectra, 

the description of  which needs higher -order quantum corrections.



How Č Renormalization group transformation



1950 ~ 1970: Era of symmetries, 

their spontaneous breaking, and 

resulting dynamical effects
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Era of symmetries, their spontaneous breaking, 

and resulting dynamical effects

High energy physics

Å1947 Lamb shift

Å1948 Renormalization of QED (Feynman, 
Tomonaga, Schwinger)

Å1954 Yang-Mills theory ( nonabelian gauge 
theory)

Å1961 ~ 1962 Electroweak theory (Glashow -
Weinberg -Salam)

Å1964 Anderson-Higgs mechanism

Å1971 ~ 1972 Renormalization of nonabelian
gauge theories (ôt Hooft & Veltman)

Å1973 Asymptotic freedom

Condensed matter physics

Å1950 Ginzburg-Landau theory

Å1957 Landauõs Fermi liquid theory

Å1957 BCS theory

Å1958 Anderson localization

Å1962 Anderson-Higgs mechanism (Nambu, 
Goldstone, é)

Å1964 Kondo effect

Å1971 ~ 1972 Wilsonõs renormalization group 
procedure

ÅTheory of magnetism, Mott insulators, 
Heavy fermion systems, and etc.
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Kenneth G. Wilson

https://en.wikipedia.org/
wiki/Kenneth_G._Wilson

1982 Nobel Prize in Physics 
for his work on phase 
transitionsŖilluminating the 
subtle essence of phenomena 
like melting ice and emerging 
magnetism. It was embodied 
in his fundamental work on 
the renormalization group .

https://www.cyber -tec.org/2010/08/25/the -path-integral -formulation -of-your-life/

ÅRG = A careful way of the path integral for low energy 
physics = A way of re-summation of Feynman diagrams

ÅRG is to define an effective field theory (EFT) at a given 
scale.

Å²ƛƭǎƻƴΩǎ wD ŀƭƭƻǿǎ ǳǎ ǘƻ ōŜ ŦǊŜŜ ŦǊƻƳ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ¦± 
completion.

Å²ƛƭǎƻƴΩǎ wD ǎŜǊǾŜǎ ŀǎ ŀ ƴƻƴǇŜǊǘǳǊōŀǘƛǾŜ ǿŀȅ ƻŦ wD 
transformation. Č Numerical RG (NRG) & Functional RG

ÅHamiltonian formulation for the RG transformation is 
possible. Č NRG & dual holography (QEC)

ÅApplications in condensed matter physics, statistical 
mechanics, and etc.in addition to particle physics







Nonperturbative generalization of  the Wilsonian RG 

theoretical framework Č Path integral reformulation 

of  the exact functional RG differential equation





ὙὋὪὰέύὭίὓὥὶὯέὺὭὥὲȢ



ὅέὲίὩὶὺὩὨὧόὶὶὩὲὸ
ὪέὶὸὬὩὙὋὸὶὥὲίὪέὶάὥὸὭέὲ

ὙὩὰὥὸὭὺὩὩὲὸὶέὴώὪόὲὧὸὭέὲὥὰ
ὑόὰὰὦὥὧὯὒὩὭὦὰὩὶὨὭὺὩὶὫὩὲὧὩ

ὊὭίὬὩὶὭὲὪέὶάὥὸὭέὲ

ὋὶὥὨὭὩὲὸὪὰέύ

Conservation law



ὙὩὭὲὸὩὶὴὶὩὸὥὸὭέὲǪὫὩὲὩὶὥὰὭᾀὥὸὭέὲέὪὧ Ǫὥ ὸὬὩέὶὩά
ὪέὶὸὬὩάέὲέὸέὲὭὧὭὸώέὪὸὬὩὙὋὪὰέύ

ὭὲὸὬὩὲέὲὩήόὭὰὭὦὶὭόάὸὬὩὶάέὨώὲὥάὭὧίὴὩὶίὴὩὧὸὭὺὩίȡ
ὝὬὩὫὶὥὨὭὩὲὸὪὰέύὫὭὺὩίὶὭίὩὸέὸὬὩάέὲέὸέὲὭὧὭὸώέὪὩὲὸὶέὴώȢ



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. 

ÅWe discuss 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.





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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