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Outline

 What is EFT matching? Why do we need it?

 How to perform EFT matching calculation?

--- Amplitude approach vs functional methods

 Functional supertraces

--- SuperTrace Evaluation Automated for Matching

--- General: Log-type and Power-type

 Prescription summary and application to SM + Singlet
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 At tree level, one can obtain the EFT by “shrinking” heavy
propagators

 Running the theory down to the scale of experiments resums 
leading large logs, and helps with precision

 A mass threshold in between the UV scale and the scale of
experiments blocks a smooth RGE, and matching is needed

Summary of Lessons

 At loop level, calculating with a theory defined at a UV scale
typically results in large logs

 Effective Field Theories (EFTs) describe physics with only
accessible degrees of freedom, i.e. (modes of) fields
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 1.   Need to know the effective operators    in advancei 

 2.   Need to figure out the set of amplitudes    to computei

 ---  often complicated by linear redundancies among  i 

Challenges in amplitude approach:

3.   Computationally expensive

Matching by Amplitudes

7



04/15/2021 HEFT Xiaochuan Lu, UO

      

      

UV SM BSM SM BSM UV UV

S

U

M

V, 1LPI

EFT, 1PMEFT SM SM S EFT I

,

i
i i iC C





 













 

   

   

 UViC 

 1.   Need to know the effective operators    in advancei 

 2.   Need to figure out the set of amplitudes    to computei

 ---  often complicated by linear redundancies among  i 

Challenges in amplitude approach:

3.   Computationally expensive

Matching by Amplitudes

Ideally  EFT UV 

7



04/15/2021 HEFT Xiaochuan Lu, UO

      

      

UV SM BSM SM BSM UV UV

S

U

M

V, 1LPI

EFT, 1PMEFT SM SM S EFT I

,

i
i i iC C





 













 

   

   

 UViC 

 1.   Need to know the effective operators    in advancei 

 2.   Need to figure out the set of amplitudes    to computei

 ---  often complicated by linear redundancies among  i 

Challenges in amplitude approach:

3.   Computationally expensive

Functional
Matching

Matching by Amplitudes

Ideally  EFT UV 

7



04/15/2021 HEFT Xiaochuan Lu, UO

   

    
 

 

 

c

c

tree
 EFT  UV c

2
1-loop4 U

d

E

2

FT, 1PI UV, 1LPI

F

UV

V
 E T

har

, ,

d STr log
2

0

,

S

i Sx



 

 





 






   


  
     



 

 











 



• B. Henning, XL, H. Murayama, “One-loop Matching and Running with
Covariant Derivative Expansion,” arXiv: 1604.01019

• J. Fuentes-Martin, J. Portoles, and P. Ruiz-Femenia, “Integrating out heavy particles
with functional methods: a simplified framework,” arXiv: 1607.02142

• Z. Zhang, “Covariant diagrams for one-loop matching,” arXiv: 1610.00710

• S. A. R. Ellis, J. Quevillon, T. You, and Z. Zhang, “Mixed heavy-light matching
in the Universal One-Loop Effective Action,” arXiv: 1604.02445

8



04/15/2021 HEFT Xiaochuan Lu, UO

   

    
 

 

 

c

c

tree
 EFT  UV c

2
1-loop4 U

d

E

2

FT, 1PI UV, 1LPI

F

UV

V
 E T

har

, ,

d STr log
2

0

,

S

i Sx



 

 





 






   


  
     



 

 











 



2 4

2 2 2 4 6

1~ 1q
q

m
m

M m m
q q q

   


 

Method of regions

 

     

 
 2

2 2 2 2 2 22 21 1 2

1 22 22 2

2 2 21 2

2

dSTr d tr
2

d 1 1d tr
2

limd 1 1d tr
2

1 1 1 1

2

d
d

x

d

d
d

d

d
d

d

P M P m P M

i

qi i x q x x q

qi
P

q

U U U U

x
q M q m

P m

U

P

P

U U

q
q

Ux
M m

  










       
  

 
 
     

 
 

   

  






 

 

  

8



04/15/2021 HEFT Xiaochuan Lu, UO

   

    
 

 

 

c

c

tree
 EFT  UV c

2
1-loop4 U

d

E

2

FT, 1PI UV, 1LPI

F

UV

V
 E T

har

, ,

d STr log
2

0

,

S

i Sx



 

 





 






   


  
     



 

 











 



 Any spin: scalars, fermions, vector bosons

 Non-renormalizable interactions in UV

 Contributions from heavy-light loops 

 Derivative interactions in UV

 Non-relativistic EFT matching, e.g. HQET

Applicability:
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 Any spin: scalars, fermions, vector bosons

 Non-renormalizable interactions in UV

 Contributions from heavy-light loops 

 Derivative interactions in UV

 Non-relativistic EFT matching, e.g. HQET

How to compute this 
functional SuperTrace?Applicability:
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Focusing on relativistic EFTs:

(Cohen, XL, Zhang, arXiv: 2011.02484)
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Focusing on relativistic EFTs: Log-type

 
 

 

  

 
 

 

2 2

hard

2
4

2 2 2 2

h

2 2

ard

2
4

2 2

dSTr log d tr log
2

1 1 1 1 1 1d tr log
16 12 60 90

dSTr log d tr log
2

1 1d tr log
16 12

d
d

d

d
d

d

qi P M i x q M

Mx F F P F P F iF F F
M M

qi M i x M

Mx F F

q

P

PP

     
     









 



 

      

 
    

  

     


 

 


 

 



 



  2 2

1 1 1 1
30 180

P F P F iF F F
M M

     
    

 
   

 
 

Universal across UV theories
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Focusing on relativistic EFTs: Power-type
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Depend on UV theories
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Focusing on relativistic EFTs: Power-type
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How do we find all of them?
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Focusing on relativistic EFTs: Power-type
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Use “covariant graphs” to enumerate

 All distinct sets of propagator sequences

 At least one heavy propagator

 Truncate according to the desired operator dim
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Focusing on relativistic EFTs: Power-type
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Use “covariant graphs” to enumerate

Evaluate them all by hand?

 All distinct sets of propagator sequences

 At least one heavy propagator

 Truncate according to the desired operator dim



04/15/2021 HEFT Xiaochuan Lu, UO 11

 
hard

hard

hard
1

1STr log
2 lim

1STr log STr
2

1
2

n

x

n

X

X

K

K

i

i
K

i
n







     
  






 
 

   
 

   1 1

2

2 2

2 2

spin - 0

spin - , 1/2

spin - 1 ~
n m

ij ij ii

ij k

i j i

i

j

iP m

K m

P

ZP

P m P

X U P P

P P

Z P

UX




   


 



   

 
 

   



Focusing on relativistic EFTs: Power-type
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Focusing on relativistic EFTs: Power-type
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Log-type can also be converted into power-type:

General form of power-type supertraces:
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     1 1hard
STr r,  o  

n mi i kPfi f P P P U   
        

STrEAM

STrEAM.m and   STrEAM_examples.nb
https://github.com/EFTMatching/STrEAM

Cohen, XL, Zhang,
arXiv: 2012.07851
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     1 1hard
STr r,  o  

n mi i kPfi f P P P U   
        

STrEAM

STrEAM.m and   STrEAM_examples.nb
https://github.com/EFTMatching/STrEAM

Cohen, XL, Zhang,
arXiv: 2012.07851

J. Fuentes-Martín, M. König, J. Pagès, 
A. E. Thomsen, and F. Wilsch, “SuperTracer:
A calculator of functional supertraces for 
one-loop EFT matching,” arXiv: 2012.08506

A different calculator:
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2 4 2 1
1 1 1 12 2 2 2 2

1 1hard

1 1 1STr d tr 1 log dim-8
16 12

mi U x m U F F U
P m m


 

   
           

 

STrEAM.m and   STrEAM_examples.nb
https://github.com/EFTMatching/STrEAM
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2

2 4 2 1
1 1 1 12 2 2 2 2

1 1hard

1 1 1STr d tr 1 log dim-8
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dimension
truncation

STrEAM.m and   STrEAM_examples.nb
https://github.com/EFTMatching/STrEAM
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       1
2 2 2 2 2 2 2

1 2 2 hard

1 2 1
1 3 4

1 1 1 1STri U P Z U U
P m P m P P m




 
     

derivative interaction massless (covariant) propagator
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       1 3/2 3/2 1
1 22 2 2 2 2 2

1 2 2 hard

3 4
1 1 1 1STri U U U U

P m P mPm P
 

     

fermionic (covariant) propagator
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Log-type

   2 2
1 12 2 2

1 1 1 1

1 1STr log STr STr log STri P m i i i
m P m m

P m
m P
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How to compute this 
functional SuperTrace?

1i


2i


ni


3i


Covariant graphs STrEAM
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How to compute this 
functional SuperTrace?

14



04/15/2021 HEFT Xiaochuan Lu, UO

Prescription for Functional Matching:

Cohen, XL, Zhang, arXiv: 2011.02484
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Mathematica package STrEAM.m
(Cohen, XL, Zhang, arXiv: 2012.07851)

Covariant graphs
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A Real Example: SM + Singlet

• M. Jiang, N. Craig, Y.-Y. Li, and D. Sutherland, arXiv: 1811.08878
• U. Haisch, M. Ruhdorfer, E. Salvioni, E. Venturini, and A. Weiler, arXiv: 2003.05936

Amplitude approach:

Functional approach:      Cohen, XL, Zhang, arXiv: 2011.02484

  2
SMEFT

2 22 2 2 3
U

4
V SM

1 1 1 1 1
2 2 2 6 24S SM S A H S HS S SS            

 2 2 42
SM

, , , ,

1 1 1 1 h.c.
4 4 4 2

A A I I
H u d e

q u d l e

D H iD G G W W B B m H H q y uH q y d H l y eH  
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A Real Example: SM + Singlet
2. Derive  and  matricesK X
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A Real Example: SM + Singlet
2. Derive  and  matricesK X

See the full list in App. B of arXiv: 2011.02484
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A Real Example: SM + Singlet
 1-loop
EFT4. Evaluate supertrace3 c s to  obte aia n . Enumerate sup rtr es 

Power-type: 16 covariant graphs

Log-type:  None

1-propagator 5-propagator 6-propagator4-propagator

2-propagator

3-propagator
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A Real Example: SM + Singlet
 1-loop
EFT4. Evaluate supertrace3 c s to  obte aia n . Enumerate sup rtr es 
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1-propagator 5-propagator 6-propagator4-propagator

2-propagator

3-propagator

17



04/15/2021 HEFT Xiaochuan Lu, UO

A Real Example: SM + Singlet
 1-loop
EFT4. Evaluate supertrace3 c s to  obte aia n . Enumerate sup rtr es 
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Final Matching Results:
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Summary

04/15/2021 HEFT Xiaochuan Lu, UO

 EFT matching has been systematically solved using functional
methods up to one-loop level

 Supertrace evaluation and a Mathematica package STrEAM

--- arXiv: 2011.02484

--- Manual in arXiv: 2012.07851

 We derived a streamlined prescription for functional matching

--- STrEAM.m at  https://github.com/EFTMatching/STrEAM

 Pedagogical example: SM + Singlet matched onto SMEFT
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Prescription for Functional Matching:

Cohen, XL, Zhang, arXiv: 2011.02484
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Mathematica package STrEAM.m
(Cohen, XL, Zhang, arXiv: 2012.07851)

Covariant graphs

Thank you


