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singularity, its orbifold, …

Conformal Field Theory 
(CFT)



Definition: A conformal field theory
is a table of integrals.

- Brian Greene











A conformal field theory is a 
list of operators (states) and 
their correlation functions 
(many determined by scaling 
dimensions).

• Spectrum

• Correlation functions

• Scaling dimensions



“The shell game that we play ... is technically called 
'renormalization'. But no matter how clever the word, it 
is still what I would call a dippy process! Having to resort 
to such hocus-pocus has prevented us from proving that 
the theory of quantum electrodynamics is mathematically 
self-consistent. It's surprising that the theory still 
hasn't been proved self-consistent one way or the other 
by now; I suspect that renormalization is not 
mathematically legitimate.”

Richard Feynman (1985)





CFT:

CFT:
QFT

OPE coefficients
cf. Frobenius manifold









RG Flow = Dynamical System



• New predictions:

• New techniques:

Conley index

3d O(N) model

3d QED

4d QCD

Bifurcations



Transcritical Bifurcation

Nf

gauged Gross-Neveu



Transcritical Bifurcation

• Codimension-2
• Structurally unstable

Nf



NfNf
crit



NfNf
crit

Heteroclinic Bifurcation



Charles C. Conley
1933-1984

What’s
inside the

“black box” ?



Charles C. Conley
1933-1984





m-theorem:

where



m-theorem:

where

cf. C-theorem





Spectrum of 2d N = 2 superconformal field theory:

“scaling dimensions”
a.k.a. “conformal dimensions”

“R-charges”

Central charge of N = 2 Landau-Ginzburg model:



N = 2 minimal model

can be described as a LG model with the superpotential

chiral ring:

is the classical cohomology ring of

cf.



N = 2 minimal model N = 2 Kazama-Suzuki
coset model

at level 1

N = 2 Kazama-Suzuki model

at level 1



expressed as a polynomial in the elementary symmetric 
functions

e.g.

N = 2 Kazama-Suzuki model



chiral ring (Jacobi ring / Milnor algebra):

is the classical cohomology ring of the Grassmannian

cf. Thom-Sebastiani sum:

and similarly for other Brieskorn-Pham singularities.



chiral ring (Jacobi ring / Milnor algebra):

is the classical cohomology ring of the Grassmannian

cf. Thom-Sebastiani sum:

Note: while





Spectra of walls in KS models

=
Matrix factorization

:



Quantum groups and KS models

arXiv: 1507.06318
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Categorification of Quantum Groups

and, similarly, for             :

arXiv: 1507.06318



singularity, its orbifold, …

LG model sigma-model

Algebra Geometry

Also a product of N = 2
minimal models and
Kazama-Suzuki models!



Categorification of semicontinuity?



Thanks for listening.

Questions?



e.g. :

minimal model

W.Lerche, C.Vafa, N.P.Warner


