
Critical scaling in the 
large-N O(N) model in 

higher dimensions
and

its possible connection 
to quantum gravity

Schladming Winter School
2016

ELI-ALPS
ELTE
University of Debrecen

Péter Mati



where and

Functional renormalization group



where and

The average effective action at scale k

Functional renormalization group



Functional renormalization group



Functional renormalization group



RG flow in the large-N O(N) model

The O(N) vector model = generalized Ising model for N spin dimension.

The flow



RG flow in the large-N O(N) model

The O(N) vector model = generalized Ising model for N spin dimension.

The flow

The LPA Ansatz



RG flow in the large-N O(N) model

The O(N) vector model = generalized Ising model for N spin dimension.

The flow

The LPA Ansatz

and we use



RG flow in the large-N O(N) model
Switching to dimensionless quantities and perform the integral



RG flow in the large-N O(N) model
Switching to dimensionless quantities and perform the integral

In the large-N limit

The LPA is considered to be exact in the large-N limit.
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The coefficients are the couplings e.g.: 

Fixed points: beta functions of each couplings vanish

…
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Converging to 
P. Mati, Phys.Rev. D 91, 125038 (2015)



Fixed points
Exact solution

An exact solution can be worked out for the derivative the flow eq.
using the method of characteristics 

The solution is given in a form of an implicit function of 

R. Percacci, G. P. Vacca, Phys.Rev. D 90, 107702 (2014)



Fixed points
Exact solution

An exact solution can be worked out for the derivative the flow eq.
using the method of characteristics 

The solution is given in a form of an implicit function of 

D = even

D = odd

constants

R. Percacci, G. P. Vacca, Phys.Rev. D 90, 107702 (2014)



Fixed points

The solution corresponding to c=0

This is the solution that is found
from the polynomial expansion 

D=5



Fixed points
The critical potential can be recovered from both the analytic and the polynomial 
solutions

Metastable / non-analytic



Klebanov et al. describes the RG flow from another theory 

„UV complete” description & AdS/CFT

O(N) symmetric theory with N+1 scalars and cubic interactions.
Using this Lagrangian the O(N) symmetric model appears as
an IR fixed point. 
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O(N) symmetric theory with N+1 scalars and cubic interactions.
Using this Lagrangian the O(N) symmetric model appears as
an IR fixed point. 
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The existence of interacting CFTs for the O(N) model in                   
was proposed.
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„UV complete” description & AdS/CFT

Conjectured by Polyakov & Klebanov in 2002

AdSD+1 / CFTD duality

Interacting large-N
O(N) model
at criticality

Bosonic Vasiliev theory:
classical gravity with
massless
higher-spin fields in the 
spectrum

(Fig: J. McGreevy Adv.High Energy Phys. 2010 723105)



Universality & critical exponents

UNIVERSALITY

In the vicinity of the fixed point: critical scaling.

The critical scaling exponents can be obtained
from the eigenvalues of the stability matrix at the 
fixed point.
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regularity

For D=5



Higher dimensions

D=6
D=8
D=7
D=9

(and all even)

(and all 4n+3)
(and all 4n+1)
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