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Motivations

• Why EFT?

• Widely used, e.g. SMEFT


• Why scalar EFT?

• Toy model, easier to get higher orders and show structures clearly

•  theory at Wilson-Fisher fixed point

• Development of calculation tools


• Why higher mass dimension?

• In SMEFT,  in dim 6 &  in dim 9


• Why higher loop? 

• To get higher precision to compare with data from LHC

ϕ4

|ΔB | = 1 |ΔB | = 2
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Motivations

• Difficulty in counting the EFT operator basis

• Redundancies between operators

• Large numbers: 2, 84, 30, 993, 560, 15456, 11962, 261485, …


• Hilbert series method

• New method - on-shell method

• Structures in anomalous dimension matrix

• Non-renormalization — zeros


• Structural/calculational approach to EFT

Henning, Lu, Melia & Murayama [1512.03433]

Cheung & Shen [1505.01844]

Bern, Parra-Martinez & Sawyer [1910.05831]
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Background 

• Massless scalar EFTs


• EFT operators


• Hilbert series

IBP & EOM redundancies

Henning, Lu, Melia & Murayama [1706.08520]
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Operator construction

• Operator  states

• EOM  null states, IBP  descendant states

• Counting physical operators  counting primaries  Hilbert series

• Primary operators as physical basis


• In calculation, we will work with off-shell correlation function which is 
independent under IBP. They will also appear in the counterterms.

• Hilbert series can also count them!

↔
↔ ↔

↔ ←
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Calculation method - Renormalization

Counterterms in MS scheme of dimensional regularizations

Work only in mixing with same mass dimension

For example Six point

Length six
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Calculation method – R* method
Recursively subtracts both UV and IR subdivergences

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 subdivergences

Same counterterms but simpler diagrams

Original: Chetyrkin & Tkachov 1982 

               Chetyrkin & Smirnov 1984  


      Smirnov & Chetyrkin 1985

Recent: Herzog & Ruijl [1703.03776]

Beekveldt, Borinsky & Herzog [2003.04301]
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Calculation method – R* method

R* method

Physical operators

Counterterms in basis that are IBP independent

Anomalous dimension matrix for physical operators

Field redefinition
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Original: Chetyrkin & Tkachov 1982 

               Chetyrkin & Smirnov 1984  


      Smirnov & Chetyrkin 1985

Recent: Herzog & Ruijl [1703.03776]

Beekveldt, Borinsky & Herzog [2003.04301]



Results - Overview

Basis of primary operators + R* method


Higher-order results including

Five-loop for dim 6 

one-loop for dim 12


Zeros in anomalous dimension matrix 
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Results – Dim 6

1.  point mixing into n point in dim n only in basis of primary operators at one-loop


2.  mixing into  only for loop number , see Bern, Parra-Martinez, Sawyer [1910.05831]


3.  mixing into  point at three-loop in any basis of physical operators

n − 2

𝒪h 𝒪𝑙 𝐿 > 𝑙(𝒪h) − 𝑙(𝒪𝑙)

n n − 2
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Results – Dim 8

Blue square: same structures as in dim 6

Red square: new structures in same-length mixing sub-matrix
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Results – Dim 8

Orthonormal choice

See Craigie, Dobrev, Todorov. Annals Phys. (1985)
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Results – Dim 10

Blue square: same structures 

                     as in dim 6 and 8


Red square: Expected zeros   

                    because the C-odd sector   

                    does not mix into 

                    C-even sector
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Results – Summary

By Jasper RN

Number 
of fields

1-loop zero only when 
 is primary𝒪(n)

n−2

Generally non-zero in a 
basis of primaries
Zeros up to  
loops

L = Δ

Symmetric at 1-loop 
when the primary 
operators orthonormal


Unexpected 3-loop 
zero in any bases
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Conclusion
1. We used Hilbert series to classify the EFT operators

2. First application of R* method in EFT operator 

mixing
These two methods can be generalized to particles with spin

3. We got higher results.

4. The general structures of anomalous dimension matrix was analyzed.

     - Confirmation of known structures in literature

     - Zeros beyond literature, mixing between  and  point in mass dimension 


5. We also have other results that not covered in this talk

     - systematic enumeration of evanescent operators in scalar EFT using Hilbert series

     - the proof of ring isomorphism between off-shell and on-shell basis

n n − 2 n
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Thank you!
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Backup slides
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Hilbert series for  real theory
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Hilbert series for complex theory
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• Results for real theory

21


