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Top-Down EFT Approach
• Starts from a theory which resides at high 

energy.


• Identify heavy degrees of freedom.


• Integrate out the heavy degrees of freedom.


• Generates effective operators and 
coefficients functions of the parameters of 
the UV theory - Wilson coefficients.

2

Energy Scale

<latexit sha1_base64="YpLJGsueeD/a0ZLNhQmza9s3uOc=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2ARXEhJpKjLohsXLirYByShTKaTduhkEmYmQold+CtuXCji1t9w5984abPQ1gMDh3Pu5Z45QcKoVLb9bZSWlldW18rrlY3Nre0dc3evLeNUYNLCMYtFN0CSMMpJS1HFSDcRBEUBI51gdJ37nQciJI35vRonxI/QgNOQYqS01DMPvAipIUYsu524XjKkp15zSP2eWbVr9hTWInEKUoUCzZ755fVjnEaEK8yQlK5jJ8rPkFAUMzKpeKkkCcIjNCCuphxFRPrZNP/EOtZK3wpjoR9X1lT9vZGhSMpxFOjJPK2c93LxP89NVXjpZ5QnqSIczw6FKbNUbOVlWH0qCFZsrAnCguqsFh4igbDSlVV0Cc78lxdJ+6zmnNfqd/Vq46qoowyHcAQn4MAFNOAGmtACDI/wDK/wZjwZL8a78TEbLRnFzj78gfH5A+ZSlgg=</latexit>

L[�,�]

<latexit sha1_base64="t7FRdYPEHNbmbO2deS9SrlA2LzI=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjQsXFewDmlAm00k7dDIJMxOlxH6KGxeKuPVL3Pk3TtostPXAwOGce7lnTpBwprTjfFulldW19Y3yZmVre2d3z67ut1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv/NApWKxuNeThPoRHgoWMoK1kfp21YuwHhHMs9tpz0tGzO/bNafuzICWiVuQGhRo9u0vbxCTNKJCE46V6rlOov0MS80Ip9OKlyqaYDLGQ9ozVOCIKj+bRZ+iY6MMUBhL84RGM/X3RoYjpSZRYCbzoGrRy8X/vF6qw0s/YyJJNRVkfihMOdIxyntAAyYp0XxiCCaSmayIjLDERJu2KqYEd/HLy6R9WnfP62d3Z7XGVVFHGQ7hCE7AhQtowA00oQUEHuEZXuHNerJerHfrYz5asoqdA/gD6/MHg4+ULQ==</latexit>

L[�]

<latexit sha1_base64="KuGKtf2eDa7ro77pvurDOlsRanY="></latexit>

L[�] +
X

n>4

Ci

Mn�4
�

Oi



Matching: Diagrammatic Approach

Renormalisable Theory EFT

• This requires computing the same processes with light particles in external 
legs from the renormalisable theory at high scale (M) theory and the low 
energy effective theory at scale .
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µ = M

Example: Fermi’s theory of four fermion
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Functional Approach: Covariant Derivative Expansion
• Although the previous approach works fine, it could be really cumbersome 

sometimes to calculate all the diagrams to capture the total effect of the UV theory.


• Alternative - Covariant Derivative Expansion (CDE).


• Expansion in terms of the Covariant Derivative       without breaking it into the 
derivative and the gauge part.


• Example:
<latexit sha1_base64="e/7L3uW49PGAIULhmE741q1PKaQ="></latexit>

1

�D2 �m2
=

�1

M2
+

D2

M4
+ · · ·

O. Cheyette (1985)  
M. K. Gaillard (1986) 
Henning, Lu, Murayma (2014) [1412.18837]
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• The basic idea is to integrate over the heavy modes.  denotes the heavy 
particles, and  denotes the lighter degrees of freedom.


• Expanding the action around this minimum,


• The integral is computes as,
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Henning, Lu, Murayma (2014) [1412.18837]

Tree level 1-Loop
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• The Lagrangian is arranged in the power of the heavy fields:


• The classical solution for the heavy fields is given by:


• The effective operators generated by tree level diagrams is given by


•
<latexit sha1_base64="of/MHNJ8P5kjVsOoMmUJ43MG7FA="></latexit>

where, B(�), U(�) are functions of �, and Pµ = iDµ
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Henning, Lu, Murayma (2014) [1412.18837]
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• This is the effective action 
formula for 1-Loop.


• 


• 


•   depends on the types 
of the heavy particle, for 
real scalar 1/2, complex 
scalar 1, fermions -1/2 
etc.
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G0
µ⌫ ⌘ [Dµ,D⌫ ]
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Summary of CDE
• It is a framework that integrates out heavy degrees of freedom.


• It is manifestly gauge invariant - all the terms appeared in the formula were in 
commutator.


• It’s applicability is universal - the form of the Lagrangian it started with had a 
very general structure.


• After the realisation of its merit many works have been done and the master 
formula shown in previous slide have been modified to incorporate the effect 
from light particles and the formula has been dubbed as the Universal One 
Loop Effective Action - the UOLEA.
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Zhang [1610.00710] 
Ellis, Quevillon, You, Zhang [1706.07765] 
Krämer, Summ, Voigt [1908.04798]

Henning, Lu, Murayama [1604.01019] 
Aguila, Kunszt, Santiago [1602.00126] 
Ellis, Quevillon, You, Zhang [1604.02445]
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RG running of 

Wilson coefficients

Low scale 
Wilson coefficients

CoDEx
A Package to compute Wilson coefficients up to mass dimension-6 SMEFT ops 

CoDEx: Wilson coefficient calculator connecting SMEFT to UV theory
   SDB, J Chakrabortty, S K Patra
   Eur.Phys.J.C 79 (2019) 1, 21 • e-Print: 1808.04403

https://effexteam.github.io/CoDEx/

User Input
<latexit sha1_base64="uxPu/ybZJVMd8AQ5oc6ypyXKcTk=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXRjQsXFewD2hAm00k7dDIJMxOlxH6KGxeKuPVL3Pk3TtostPXAwOGce5lzT5BwprTjfFulldW19Y3yZmVre2d3z67ut1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9zv/NApWKxuNeThHoRHgoWMoK1kXy72o+wHhHMs9upnzGhp75dc+rODGiZuAWpQYGmb3/1BzFJIyo04Vipnusk2suw1IxwOq30U0UTTMZ4SHuGChxR5WWz6FN0bJQBCmNpntBopv7eyHCk1CQKzGQeVC16ufif10t1eOmZg5JUU0HmH4UpRzpGeQ9owCQlmk8MwUQykxWREZaYaNNWxZTgLp68TNqndfe8fnZ3VmtcFXWU4RCO4ARcuIAG3EATWkDgEZ7hFd6sJ+vFerc+5qMlq9g5gD+wPn8A+NWUeg==</latexit>

Lint CoDEx

Wilson coefficient 

calculation

Tree processes

1-loop processes

https://arxiv.org/abs/1808.04403
https://effexteam.github.io/CoDEx/


CoDEx(v1.0)
• Can generate effective operators for 

only heavy scalar particles in loop.


• This version is publicly available.


• Example: 


• Tree level:


• Only heavy loop: 
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<latexit sha1_base64="9lgF7avPGVtHw1C3la51lkEv5MI=">AAACMHicbVBNSwMxEM3Wr1q/qh69BItQQcquFvVY9GCPLdgPaNclm6ZtaDa7TbJCWfYnefGn6EVBEa/+CtN2C7V1IMx7b2aYzHMDRqUyzXcjtbK6tr6R3sxsbe/s7mX3D+rSDwUmNewzXzRdJAmjnNQUVYw0A0GQ5zLScAe343rjkQhJfX6vRgGxPdTjtEsxUlpysnftqOpEjMVnUOcyix+i/MVpwoYzNiaNSRrOa2xG2rGTzZkFcxJwGVgJyIEkKk72pd3xcegRrjBDUrYsM1B2hISimJE40w4lCRAeoB5paciRR6QdTQ6O4YlWOrDrC/24ghN1fiJCnpQjz9WdHlJ9uVgbi//VWqHqXtsR5UGoCMfTRd2QQeXDsXuwQwXBio00QFhQ/VeI+0ggrLTHGW2CtXjyMqifF6zLQrFazJVuEjvS4AgcgzywwBUogTKogBrA4Am8gg/waTwbb8aX8T1tTRnJzCH4E8bPL82LqEE=</latexit>

{Qll, Q
(3)
Hl

, Q(3)
Hq

, QHW , Q(3)
qq

, Q(3)
lq

}

Bakshi, Chakrabortty, Spannowsky [2012.03839] 
Bakshi, Chakrabortty, Prakash, SUR, Spannowsky [2103.11593]

<latexit sha1_base64="VXkMiJBgEriu1sBnvviGLx1YlX0=">AAACBnicbVBNS8MwGE79nPOr6lGE4BA8yGhlqMehHnbcwH3AWkqapVtYmtYkFUbpyYt/xYsHRbz6G7z5b0y3HnTzgZAnz/O+vHkfP2ZUKsv6NpaWV1bX1ksb5c2t7Z1dc2+/I6NEYNLGEYtEz0eSMMpJW1HFSC8WBIU+I11/fJP73QciJI34nZrExA3RkNOAYqS05JlHTtry0sZtdpZfjrxPkCCzR+ZknlmxqtYUcJHYBamAAk3P/HIGEU5CwhVmSMq+bcXKTZFQFDOSlZ1EkhjhMRqSvqYchUS66XSNDJ5oZQCDSOjDFZyqvztSFEo5CX1dGSI1kvNeLv7n9RMVXLkp5XGiCMezQUHCoIpgngkcUEGwYhNNEBZU/xXiERIIK51cWYdgz6+8SDrnVfuiWmvVKvXrIo4SOATH4BTY4BLUQQM0QRtg8AiewSt4M56MF+Pd+JiVLhlFzwH4A+PzBwr5mN8=</latexit>

{QHD, QH⇤, QH}

<latexit sha1_base64="bkx7YWOxfw78OgkEdwLam3Em4z8=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBahQimJFvVY9OKxgv2ANpbNdtMu3WzC7kYpof/DiwdFvPpfvPlv3LY5aOuDgcd7M8zM82POlHacbyu3srq2vpHfLGxt7+zu2fsHTRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o5up33qkUrFI3OtxTL0QDwQLGMHaSA/d+pD10pJbPi87p5OeXXQqzgxombgZKUKGes/+6vYjkoRUaMKxUh3XibWXYqkZ4XRS6CaKxpiM8IB2DBU4pMpLZ1dP0IlR+iiIpCmh0Uz9PZHiUKlx6JvOEOuhWvSm4n9eJ9HBlZcyESeaCjJfFCQc6QhNI0B9JinRfGwIJpKZWxEZYomJNkEVTAju4svLpHlWcS8q1btqsXadxZGHIziGErhwCTW4hTo0gICEZ3iFN+vJerHerY95a87KZg7hD6zPH1rTkSA=</latexit>

�(1,3,0)



Beta-version
• Loops containing heavy as well as light 

particles will also contribute.


• This version can further generates these 
operators for the same extension.


• This version of CoDEx is not publicly 
available but the results have been used 
and verified.

φ4

φ5

φ6φ3

φ1

φ2
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Bakshi, Chakrabortty, Spannowsky [2012.03839] 
Anisha, Bakshi, Banerjee, Biekotter, Chakrabortty [2111.05876] 
Anisha, Banerjee, Chakrabortty,  Englert, Spannowsky [2108.07683] 
Bakshi, Chakrabortty, Prakash, SUR, Spannowsky [2103.11593]

<latexit sha1_base64="s+0sM+IPTtF+au+wCNNBaCLIWtU=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSK6kJJIUZelbrJswT6gCWEymbRDJw9mJkIJ+QQ3/oobF4q4denOv3HyWGjrheEczrmXO/e4MSVc6Pq3Ultb39jcqm83dnb39g/Uw6MhjxKG8ABFNGJjF3JMSYgHggiKxzHDMHApHrnzu9wfPWDGSRTei0WM7QBOQ+ITBIWUHPXcSvtOao662WWOJWCzgKQEz8yszFGbeksvSlslRkWaoKqeo35ZXoSSAIcCUcj5xNBjYaeQCYIozhpWwnEM0RxO8UTSEAaY22lxUKadScXT/IjJFwqtUH9PpDDgfBG4sjOAYsaXvVz8z5skwr+1UxLGicAhKhf5CdVEpOXpaB5hGAm6kAQiRuRfNTSDDCIhM2zIEIzlk1fJ8KplXLfa/Xaz063iqIMTcAougAFuQAeYoAcGAIFH8AxewZvypLwo78pH2VpTqplj8KeUzx+tOZxj</latexit>

{QHWB , QHB , QeH , QuH , QdH}



Alpha-version
• Considering only scalars in loops cannot 

generate the CP-violating operators.


• In case of only heavy fermions in loop, multiple 
heavy fermions are required to generate CPV 
operators.


• Example: vector like fermion extension of the SM.


• Following CP-violating operators are generated.

Ψ1

Ψ2

Ψ2

X2,µν

X1,µνφ1

φ2

(a+ bγ5)

(a+ bγ5)

Ψ1

<latexit sha1_base64="Gk4CsOABh+q3PRWcxuv2hXtqs/U=">AAACG3icbVBJS8NAFJ7UrdYt6tHLYBE8SElKUY+lXnpswS7QhDCZTNqhk0mYmQgl5H948a948aCIJ8GD/8bpcujig4FveY837/MTRqWyrF+jsLW9s7tX3C8dHB4dn5inZ10ZpwKTDo5ZLPo+koRRTjqKKkb6iSAo8hnp+eOHqd97IkLSmD+qSULcCA05DSlGSkueWXWytpc1HUVZQLJGnt8s0Z6mcIU3cif3zLJVsWYFN4G9AGWwqJZnfjtBjNOIcIUZknJgW4lyMyQUxYzkJSeVJEF4jIZkoCFHEZFuNrsth1daCWAYC/24gjN1eSJDkZSTyNedEVIjue5Nxf+8QarCezejPEkV4Xi+KEwZVDGcBgUDKghWbKIBwoLqv0I8QgJhpeMs6RDs9ZM3QbdasW8rtXatXG8s4iiCC3AJroEN7kAdNEELdAAGz+AVvIMP48V4Mz6Nr3lrwVjMnIOVMn7+APoDogQ=</latexit>

{Q
HB̃

, Q
HW̃

, Q
HW̃B

}
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Angelescu, Huang [2006.16532] 
Bakshi, Chakrabortty, Englert,  Spannowsky[2009.13394]



• Incorporate light heavy mixing at loop level for 
fermions.


• Incorporate mixed spin at 1-loop (both scalar and 
fermion in same one loop).


• Generation of the Dimension-8 operators.


• Integrating multiple non-degenerate heavy 
particles.

Future Plans
φ1 φ2

X X

ψ1 ψ2

φ1

φ2

φ3
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Conclusion
• Complete matching in the diagrammatic approach can be difficult, so there is 

an alternative approach - covariant derivative expansion (CDE).


• CDE is a framework which integrates out heavy degrees of freedom and 
generate effective operator and their corresponding Wilson coefficients.


• CDE is manifestly gauge invariant and universal.


• CoDEx is based on CDE which automatises the integrating out process.


• There are few shortcomings of CoDEx: heavy-light mixing in the fermionic 
loops, mixed spin particles in 1-loop.



Thanks for your attention


