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Functional method
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Functional method

1PI effective action:
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Covariant derivative expansion
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Functional method

Up to 1-loop level:

1PI effective action:
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Functional method in matching

Covariant derivative expansion
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Functional method in matching

Covariant derivative expansion
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 Tree level:
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Functional method in matching

Covariant derivative expansion
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Functional method in running

Covariant derivative expansion
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Functional method in running

Covariant derivative expansion
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Functional method in running

Covariant derivative expansion

Renormalization group equation:
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 Do not need to enumerate Feynman diagrams, nor
remember Feynman rules

 Do not need a prior knowledge of the EFT operators

 Can deal with different correlators simultaneously
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Advantages compared to Feynman diagram method

Covariant derivative expansion

--- everything comes out of expansion correctly

--- Wilson coefficients are directly read off from the result 

--- A framework that gauge covariance can be transparent
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Covariant derivative expansion

elliptic operator
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Gauge covariance not manifest

Partial derivative expansion
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Covariant derivative expansion
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Covariant derivative expansion
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Covariant derivative expansion
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Covariant derivative expansion
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Covariant derivative expansion
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Covariant derivative expansion
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Covariant derivative expansion
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Covariant derivative expansion
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Universal Result for 
elliptic operator
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Operator basis
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1 2--- Integration by Par (t IBP)     

     EFT SM i i
i

c    

 Redundancies:

  a complete set of indoperator ependent b oasi pers: atorsi 

--- Group identities

  SM
1 2--- Equations of Motion EOM 


 


  

--- Economic for running and mapping
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Scherer and Fearing, 
arXiv: hep-ph/9408298EOM  Field redefinition
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Scherer and Fearing, 
arXiv: hep-ph/9408298EOM  Field redefinition

Operator basis
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Scherer and Fearing, 
arXiv: hep-ph/9408298EOM  Field redefinition

Operator basis
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Scherer and Fearing, 
arXiv: hep-ph/9408298EOM  Field redefinition

Operator basis
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Different from using 
Higher order EOM
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dim 6 B. Grzadkowski, M. Iskrzynski, M. Misiak, and J. Rosiek, arXiv: 1008.4884

It is not easy to enumerate       by hand…

Operator basis
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Buchmuller and Wyler

Grzadkowski, Iskrzynski, Misiak, and Rosiek

 dim 6, 1gn 

 dim 6, general gn

arXiv: 1410.4193, 1503.07537, 1510.00372

Alonso, Jenkins, Manohar, and Trott


dim 7, general 
dim 8, 1

g

g

n
n








L. Lehman and A. Martin 

SM EFT counting history

our goal: making it systematic

arXiv: 1008.4884

Nucl. Phys. B 268 (1986) 621
1986

2010

arXiv: 1312.2014
2013

2014 - 15

Operator basis
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   1 21 2 1 3
,, ,EOM remov ,ed: R                    

Operator basis

traceless symmetric2 0 EOM:

Example: a real scalar field 
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   1 21 2 1 3
,, ,EOM remov ,ed: R                    

   operator basis: scalar conformal primaries  / inSO d    
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Operator basis

traceless symmetric2 0 EOM:

Example: a real scalar field 
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SM EFT up to dim 15

B. Henning, XL, T. Melia and H. Murayama, arXiv: 1512.03433

3gn 

1gn 

Operator basis
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Towards constructing operator basis
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Summary
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 Generically 3 steps in using an EFT

 Studying operator basis: counting and constructing

 Covariant derivative expansion technique

--- matching, running, and mapping

--- useful for matching and running

--- important for running and mapping
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Thank you!


