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Outline

 HEFT   non-analyticities

 What UV Physics lead to HEFT?

--- Integrating out extra electroweak breaking

 Field redefinitions: physical vs unphysical non-analyticities

--- Geometric criteria

--- Integrating out “massless” states
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Non-analyticity is an all-order effect
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Adam Falkowski and Riccardo Rattazzi:  (arXiv: 1902.05936)

           

       

2
2 4

2

2 2† † †
1 1

2

1 1

3

2

3

†1 2 2 2

6
1 1 1
4 4

1

1 1
2 4

6
21

4

1

4 1

V

v

H

H H

v

H H H

v h h
v v

v

v h v h
v

v h

h

H H H

v    



      
 

  



 

   2 12 1 †2
kkv Hh H
  2

1
1
4

h h h
v

 Field redefinition

HEFT SMEFT



11/04/2020 All Things EFT Xiaochuan Lu, UO 29

       22 2 2 42 1
2

v h hH v
v h

       


  


1 2

3

1
2

i
H

v h i
 


 

    

Adam Falkowski and Riccardo Rattazzi:  (arXiv: 1902.05936)



     
 

3 2
23 3 2 42 1

2
: 3 n

n
hh h

v h v
h H v       

 


 


11/04/2020 All Things EFT Xiaochuan Lu, UO 30

1 2

3

1
2

i
H

v h i
 


 

    

Adam Falkowski and Riccardo Rattazzi:  (arXiv: 1902.05936)

       22 2 2 42 1
2

v h hH v
v h

       


  




11/04/2020 All Things EFT Xiaochuan Lu, UO 31

1 2

3

1
2

i
H

v h i
 


 

    

Adam Falkowski and Riccardo Rattazzi:  (arXiv: 1902.05936)

       22 2 2 42 1
2

v h hH v
v h

       


  


     
 

3 2
23 3 2 42 1

2
: 3 n

n
hh h

v h v
h H v       

 


 




11/04/2020 All Things EFT Xiaochuan Lu, UO 32

1 2

3

1
2

i
H

v h i
 


 

    

h

h

h





h

h

h


Adam Falkowski and Riccardo Rattazzi:  (arXiv: 1902.05936)

       22 2 2 42 1
2

v h hH v
v h

       


  


     
 

3 2
23 3 2 42 1

2
: 3 n

n
hh h

v h v
h H v       

 


 




11/04/2020 All Things EFT Xiaochuan Lu, UO 33

       22 2 2 42 1
2

v h hH v
v h

       


  


1 2

3

1
2

i
H

v h i
 


 

    

     
 

3 2
23 3 2 42 1

2
: 3 n

n
hh h

v h v
h H v       

 


 


 
*
2 1

*
1 2

1
2

H H
v h U

H H


    

h

h

h





h

h

h


Adam Falkowski and Riccardo Rattazzi:  (arXiv: 1902.05936)



3411/04/2020 All Things EFT Xiaochuan Lu, UO

Rodrigo Alonso, Elizabeth E. Jenkins, Aneesh V. Manohar:  (arXiv: 1605.03602)
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Rodrigo Alonso, Elizabeth E. Jenkins, Aneesh V. Manohar:  (arXiv: 1605.03602)
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Insight from tree-level matching
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Insight from tree-level matching
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Insight from tree-level matching
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Insight from tree-level matching
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Invertible?
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Matching to all-order in fields
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Matching to all-order in fields

     

 
 

 
 

   

2 2 2 2
EFT

4
4 2 2

4

224
2

2
2 2

2
32 2

2

1

6

ln det Tr ln
2 2

tr ln
2 2

1 1 1 3tr ln
2 16 2 2

1 1
12

U

i

p

U

i M U

U
M U

p

M U

M U

i dd x p M

d x M U
M U








     

 
    
 
 

 
       

 
 







 

 

 



Coleman-Weinberg:    2 2
UV

1,
2

M U         



11/04/2020 All Things EFT Xiaochuan Lu, UO 71

Matching to all-order in fields

     

 
 

 
 

   

2 2 2 2
EFT

4
4 2 2

4

224
2

2
2 2

2
32 2

2

1

6

ln det Tr ln
2 2

tr ln
2 2

1 1 1 3tr ln
2 16 2 2

1 1
12

U

i

p

U

i M U

U
M U

p

M U

M U

i dd x p M

d x M U
M U








     

 
    
 
 

 
       

 
 







 

 

 



Coleman-Weinberg:    2 2
UV

1,
2

M U         

see  App. D  in  2008.08597If , 0 :U U   



7211/04/2020 All Things EFT Xiaochuan Lu, UO

A heavy singlet at one-loop level
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A heavy singlet at one-loop level
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A heavy singlet at one-loop level
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A heavy singlet at one-loop level
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A heavy singlet at one-loop level
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An abelian toy model at tree level
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A heavy triplet at tree level
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Summary
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 A geometric criterion to tell a HEFT Lagrangian from SMEFT

 A functional method to match to all order in fields (not derivatives yet)

 A few UV examples show that the leading order criterion works

 An understanding of what UV theories would generate HEFT


