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extension to effective theories (derivative expansion) 

Introduction 







Background field extension of the BRST operator (Grassi, 1996) 

 

Inclusion of generating functional sources into the gauge fermion  

BRST structure of renormalization via decoupling of the 

background field 

 

Quantum corrected gauge fermion is a generating functional of the 

field reparameterization 

 

No power counting or use of field dimensionalities 

 

Extension to (nonrenormalizable) effective field theories 



Introduction 

 

BRST formalism 

  

Assumptions on the class of gauge theories 

 

Background  field  gauge fixing method 

 

Introduction of  sources 

 

Main result: BRST structure of renormalization and field reparametrization 

 

Slavnov-Taylor and Ward identities 

 

Decoupling the background field and field redifinition 

 

Example:  2D O(N)  sigma model 

 

Summary and outlook: the power and beauty of  the nilpotent BRST operator 

Plan 



Generators of gauge transformations: 

Gauge theory: 

DeWitt summation rule: 

structure constants 

BRST formalism 



gauge-breaking 

term 
Faddeev-Popov 

operator 

measure 

Feynman-DeWitt-Faddeev-Popov functional integral 

BRST functional 

integral 



BRST action  

nilpotent BRST operator 

BRST transformations of  © 

gauge fermion 

bilinear  in  © 

gauge 

conditions 

gauge-fixing 

matrix 



with  Q  

Voronov,Tyutin(1982) 

Anselmi (1994) 

Gomis,Weinberg (1996) 

Local BRST cohomology 

                        differ in the  

sector of antighost  – see below 



local 

Assumptions on the class of theories 

(nontrivial in Lorentz-violating theories, like Horava gravity, and 

should be verified in each model) 
A.B, D. Blas, M. Herrero-Valea, 

S.Sibiryakov and C. Steinwachs (2016) 





the same 



Introduction of sources 

sources for sources for 

backgrpound 

source 



More on background gauge transformations – linear representation of 
the gauge group 

B.g.t. of sources: 

fundamental representation 

adjoint representation 





Apply to a gauge theory:  

local – BPHZ technique 

finite 

renormalized  to the order ~L-1 

L-th order renormalization: 

counterterms 

quantum  field 

mean field 

Effective action: 



L-th order generating functional: 

BRST structure of the renormalized action 

Renormalized  gauge  fermion 

reparameterized fields 

only original  

gauge field 

Main result 

tree level 

L-th loop order 



Local reparameterization of quantum fields to composite 

operators including external sources 

Gauge  fermion is a generating function of the field redefinition 

For renormalizable theories 

Applies  to  (non-renormalizable)  EFT --nonlinear 

dependence on sources  »  and  ³ 

linear  in  » and ³ 

independent of other sources 





Slavnov-Taylor and Ward identities 

Slavnov-Taylor  and Ward identities for  

reduced  
action 

all sources 

BRST   

b.g,t,   



Decoupling of background fields in ¡div 

ST identity for 

nilpotent antibracket 

K finite for any L<1 ! 

L-th order renormalization: 

Applies to nonrenormalizable 

EFT within gradient 

expansion 



trivial cohomology of  Batalin, Vilkovisky (1985)  

gauge invariant single 

field counterterm 
BRST exact  

term 
ghost term 



Kozhul-Tate differential has a trivial cohomology under the  

assumption of local completeness and irreducibility of gauge 

generators for    
Batalin, Vilkovisky (1985)                                                         

Henneaux (1991)                                                               

Vandoren, Van Proeyen (1994) 

Structure of ¤ 

local 

ST+W identities: 



field redefinition 

L-th order subtraction and Q+  Q transition via field 
redefinition  

gauge fermion 

renormalization 

at L-th order 

gauge invariant 

counterterm 

gauge invariant 

counterterm 

Gauge  fermion is a generating function of the field 
redefinition 



Example: 2D O(N) gauge sigma model 

Abelian gauge symmetry 

essentially 

nonlinear 

One-loop renormalization 



Example: 2D O(N) gauge model 

Abelian gauge invariance 

One-loop renormalization 

essentially nonlinear 



The power and beauty of nilpotent BRST charge 




