
Background & questions
1. We count the physics basis of EFT operators by Hilbert series 
— by state-operator correspondence, counting operators in physical basis is the 
same as counting conformal primary states
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2. It is natural to use the conformal primary operators to form the physical basis.

Scalar effective field theories  
— easier to get higher-order results

Anomalous dimension matrix (ADM) 
— capturing the scale dependence of the coefficients 
and the mixing between EFT operators
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General results of ADM

The EFT operators are 
redundant under integration by 
part (IBP) and equation of motion 
(EOM). How to count and 
construct the physical basis 

(without any redundancies)?

How to calculate the ADM of EFT operators at 
higher mass dimension to higher loops? methodR*

—  recursively subtracts UV 
subdivergences and IR divergences  

— Allows for Taylor expanding the 
Feynman diagrams and ‘Infrared 
rearrangement’ 

— Transforms the calculation of 
complicated diagrams to simple 
diagrams by the above tricks 

— Only needs physical basis as input

R*

3. Primary operators can be annihilated by special conformal generator  , e.g.Kμ

Operator basis

(Graph notation: dot represents ; line represents the contracted derivatives)ϕ
4. Inner product defined by



Appendix: calculation process

Taylor expansion of the diagram

Diagram with degree 
of divergences 𝜔

Logarithmic scaleless 
vacuum diagrams

Self-energy diagram or vacuum 
diagram with massive edges

Infrared rearrangment

Additional IR divergences will be subtracted by R*

Same counterterms but simpler diagrams

 methodR*

Physical basis

Counterterms in basis that are IBP independent

ADM for physical basis

Field redefinitionPhysical operators + 
EoM operators

Field redefinition that 
contributes to mixing in 
dimension n

Classical EOM at dimension 4:

EoM operators:

Off-shell basis = physical operators + EoM operators
EoM operators do not mix into physical operators! H. David Politzer Nucl. Phys. B 172 (1980) 349
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Field redefinition and EoM operators

Primary operators

(Off-shell basis)



Real Complex

Results: ADM and Hilbert series 
for physical basis in 
both real and complex scalar EFTs

Hilbert series


