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  Outline of the talk
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1. The package: What is DsixTools and what it can do for you


2. Basics: Modules, installation and some usage examples

Part I: DsixTools

Part II: Future directions and developments 

[JF, Portoles, Ruíz-Femenía, 1607.02142]

I will focus in something that DsixTools cannot do for you… yet


           Integrating out heavy particles at one loop: A simplified framework

[Celis, JF, Vicente, Virto, 1704.04504]



  The Standard Model Effective Theory (SMEFT)
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  The SMEFT: operators and WCs
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  The top-down approach in the SMEFT
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Observables

}
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Once and for all!



  Recent progress with the SMEFT
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Observables

Jenkins et al. 1308.2627, 1310.4838, 

Alonso et al. 1312.2014

Aebischer et al. 1512.02830

Jenkins et al. 1709.04486

Aebischer et al. 1704.06639

González-Alonso et al. 1706.00410

Jenkins et al. 1711.05270

More later (part II)



  DsixTools: main structure
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Modular structure: Each module can be used independently 

DsixTools is a Mathematica package for the handling of           SMEFT operatorsd  6
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  DsixTools modules: SMEFTrunner
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Automatic RGE running in the SMEFT

Based on the results in

Jenkins et al. 1308.2627, 1310.4838, 

Alonso et al. 1312.2014



  DsixTools modules: EWmatcher
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Currently, matching only to 

operators. Matching to the rest of low 
energy operators coming soon! 

�B = �S = 1, 2

�B = �C = 1
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Based on the results in

Aebischer et al. 1512.02830 

Automatic matching SMEFT        WET



  DsixTools modules: WETrunner
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Based on the results in 
Aebischer et al., 1704.06639 

Automatic RGE QED and QCD 
running in the WET



  Installing and loading DsixTools
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The DsixTools Mathematica package can be downloaded from

https://github.com/DsixTools/DsixTools

To use it, simply download it and place the DsixTools folder in the Mathematica 
base directory. Alternatively, you can place it in any other directory and give its 
path at the beginning of your Mathematica notebook 

pathtoDsixTools = "<directory>" ; AppendTo [ $Path , pathtoDsixTools ];

After that one can easily load DsixTools by running the command 

Documentation and simple usage examples for each of the modules are available 
in the Documentation folder!

https://github.com/DsixTools/DsixTools


  Simple usage examples: inputs
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WCsInput.dat

Simple text file


Similar format for the output file


Also possible to give the input 
directly on the Mathematica 
notebook or in a WCxf file

[Aebischer et al., 1712.05298]



  Simple usage examples: SMEFTrunner 
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The results obtained with SMEFTrunner 
are saved in 'outSMEFTrunner',  which 
can be evaluated at different values of
t = log10 µ
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  Simple usage examples: SMEFTrunner
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  Simple usage examples: analytic beta functions
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  Summary of part I: DsixTools
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Things that DsixTools cannot do… yet

• Connection to low-energy observables: Flavio, EOS,…


• Matching of an (arbitrary) UV model and reduction to the EFT basis

A Mathematica package for the handling of           SMEFT operatorsd  6
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• Easy RGE running, with varying WCs and/or energy scales


• Input/output in simple format text files


• Transformation to fermion mass basis at EW scale and matching to WET 
operators relevant for B-physics


• One-loop QED and QCD running from the EW scale down to the b-
quark scale



[JF, Portoles, Ruíz-Femenía, 1607.02142]



Observables

  Tree vs one-loop matching
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RGEs take care of the (possibly large) logs… 
But there are cases in which these logs are 
not so large

The inclusion of pieces that are not 
log-enhanced could be important


[One-loop matching]

Talk by Juan Criado

A simple and systematic framework to match 
any UV theory to its EFT would be highly 
desirable 

Interesting automated tools for tree-level 
matching [MatchingTools]

See also talk by José Santiago



  Diagrammatic vs functional matching
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  Making functional methods great again
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Functional techniques for one-loop matching were developed long ago
Fraser ’85; Aitchison, Fraser ’85; Chan ’86; Galliard ’86; Cheyette ’88; Dittmaier, Grosse-Knetter ’95

Functional methods have recently experienced a renaissance

• One-loop EFT with only heavy particles in the loop allow for simple 
universal closed expressions
Ball ’89; Bilenki, Santamaria ’94; Henning et al. ’14; Drozd et al. ’15

See also del Aguila, Kunszt, Santiago ’16

• Several techniques recently developed for the full one-loop EFT, 
including heavy-light loops
Boggia et al. ’16; Henning et al. ’16; Ellis et al. ’16 

      These techniques require complicated subtraction techniques to remove 
terms already present in the EFT

I will present an alternative functional approach (without infrared subtractions)     
that rely on the method of expansion by regions



  Functional methods: preliminaries
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  One-loop effective action

!22



  Shifting the heavy-light loops away
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  Heavy-field one-loop effective action
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  Expansion by regions

!25



  A simple example of expansion by regions at work
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(M � m)
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  A simple example of expansion by regions at work
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(M � m)
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  A simple example of expansion by regions at work
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  Combining the two…
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We only need the hard part:

Expansion by regions: Taking the hard piece is equivalent to expanding the loop 
integrand in

pµ,mH ⇠ ⇣
<latexit sha1_base64="inxpAO+e28HUjUhsqrq9dOqSCzw="></latexit><latexit sha1_base64="inxpAO+e28HUjUhsqrq9dOqSCzw="></latexit><latexit sha1_base64="inxpAO+e28HUjUhsqrq9dOqSCzw="></latexit><latexit sha1_base64="inxpAO+e28HUjUhsqrq9dOqSCzw="></latexit>

and truncate to a given order in          (related to the dimension of the EFT operators)   ⇣�n
<latexit sha1_base64="dRnR6I1osj5sa81Znafhf+2uaJY=">AAACHHicbVA7T8MwGHR4lvIKMLJEVEgMUCVNVRgYKrEwFok+pCRUjuu0Vh0nsh2kEuWHsPBXWBhAiIUBiX+Dm2aAlpMsne7usz+fH1MipGl+a0vLK6tr66WN8ubW9s6uvrffEVHCEW6jiEa850OBKWG4LYmkuBdzDEOf4q4/vpr63XvMBYnYrZzE2AvhkJGAICiV1Nft1M0vcfjQ91Kzajbsutk4NauWbdoFqdVsK3MfsIR36RnLsr5eUcEcxiKxClIBBVp9/dMdRCgJMZOIQiEcy4yll0IuCaI4K7uJwDFEYzjEjqIMhlh4ab5XZhwrZWAEEVeHSSNXf0+kMBRiEvoqGUI5EvPeVPzPcxIZXHgpYXEiMUOzh4KEGjIypk0ZA8IxknSiCEScqF0NNIIcIqn6LKsSrPkvL5JOrWqpCm/qleZlUUcJHIIjcAIscA6a4Bq0QBsg8AiewSt40560F+1d+5hFl7Ri5gD8gfb1A7aZngA=</latexit><latexit sha1_base64="dRnR6I1osj5sa81Znafhf+2uaJY=">AAACHHicbVA7T8MwGHR4lvIKMLJEVEgMUCVNVRgYKrEwFok+pCRUjuu0Vh0nsh2kEuWHsPBXWBhAiIUBiX+Dm2aAlpMsne7usz+fH1MipGl+a0vLK6tr66WN8ubW9s6uvrffEVHCEW6jiEa850OBKWG4LYmkuBdzDEOf4q4/vpr63XvMBYnYrZzE2AvhkJGAICiV1Nft1M0vcfjQ91Kzajbsutk4NauWbdoFqdVsK3MfsIR36RnLsr5eUcEcxiKxClIBBVp9/dMdRCgJMZOIQiEcy4yll0IuCaI4K7uJwDFEYzjEjqIMhlh4ab5XZhwrZWAEEVeHSSNXf0+kMBRiEvoqGUI5EvPeVPzPcxIZXHgpYXEiMUOzh4KEGjIypk0ZA8IxknSiCEScqF0NNIIcIqn6LKsSrPkvL5JOrWqpCm/qleZlUUcJHIIjcAIscA6a4Bq0QBsg8AiewSt40560F+1d+5hFl7Ri5gD8gfb1A7aZngA=</latexit><latexit sha1_base64="dRnR6I1osj5sa81Znafhf+2uaJY=">AAACHHicbVA7T8MwGHR4lvIKMLJEVEgMUCVNVRgYKrEwFok+pCRUjuu0Vh0nsh2kEuWHsPBXWBhAiIUBiX+Dm2aAlpMsne7usz+fH1MipGl+a0vLK6tr66WN8ubW9s6uvrffEVHCEW6jiEa850OBKWG4LYmkuBdzDEOf4q4/vpr63XvMBYnYrZzE2AvhkJGAICiV1Nft1M0vcfjQ91Kzajbsutk4NauWbdoFqdVsK3MfsIR36RnLsr5eUcEcxiKxClIBBVp9/dMdRCgJMZOIQiEcy4yll0IuCaI4K7uJwDFEYzjEjqIMhlh4ab5XZhwrZWAEEVeHSSNXf0+kMBRiEvoqGUI5EvPeVPzPcxIZXHgpYXEiMUOzh4KEGjIypk0ZA8IxknSiCEScqF0NNIIcIqn6LKsSrPkvL5JOrWqpCm/qleZlUUcJHIIjcAIscA6a4Bq0QBsg8AiewSt40560F+1d+5hFl7Ri5gD8gfb1A7aZngA=</latexit><latexit sha1_base64="dRnR6I1osj5sa81Znafhf+2uaJY=">AAACHHicbVA7T8MwGHR4lvIKMLJEVEgMUCVNVRgYKrEwFok+pCRUjuu0Vh0nsh2kEuWHsPBXWBhAiIUBiX+Dm2aAlpMsne7usz+fH1MipGl+a0vLK6tr66WN8ubW9s6uvrffEVHCEW6jiEa850OBKWG4LYmkuBdzDEOf4q4/vpr63XvMBYnYrZzE2AvhkJGAICiV1Nft1M0vcfjQ91Kzajbsutk4NauWbdoFqdVsK3MfsIR36RnLsr5eUcEcxiKxClIBBVp9/dMdRCgJMZOIQiEcy4yll0IuCaI4K7uJwDFEYzjEjqIMhlh4ab5XZhwrZWAEEVeHSSNXf0+kMBRiEvoqGUI5EvPeVPzPcxIZXHgpYXEiMUOzh4KEGjIypk0ZA8IxknSiCEScqF0NNIIcIqn6LKsSrPkvL5JOrWqpCm/qleZlUUcJHIIjcAIscA6a4Bq0QBsg8AiewSt40560F+1d+5hFl7Ri5gD8gfb1A7aZngA=</latexit>

SH = ic ln det e�H
<latexit sha1_base64="7ZeL1SlclWcmReW3fwDXPlKAWCY="></latexit><latexit sha1_base64="7ZeL1SlclWcmReW3fwDXPlKAWCY="></latexit><latexit sha1_base64="7ZeL1SlclWcmReW3fwDXPlKAWCY="></latexit><latexit sha1_base64="7ZeL1SlclWcmReW3fwDXPlKAWCY="></latexit>

e�H = �H �X†
LH

��1
L

XLH
<latexit sha1_base64="OrZ1+bsycV0FUDOgyIoc8lXPMF8="></latexit><latexit sha1_base64="OrZ1+bsycV0FUDOgyIoc8lXPMF8="></latexit><latexit sha1_base64="OrZ1+bsycV0FUDOgyIoc8lXPMF8="></latexit><latexit sha1_base64="OrZ1+bsycV0FUDOgyIoc8lXPMF8="></latexit>



  Long story short
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Counting:
[Exp. by regions]

Applying standard path integral techniques to SH = ic ln det e�H
<latexit sha1_base64="7ZeL1SlclWcmReW3fwDXPlKAWCY="></latexit><latexit sha1_base64="7ZeL1SlclWcmReW3fwDXPlKAWCY="></latexit><latexit sha1_base64="7ZeL1SlclWcmReW3fwDXPlKAWCY="></latexit><latexit sha1_base64="7ZeL1SlclWcmReW3fwDXPlKAWCY="></latexit>

[Celis, JF, Ruíz-Femenía, Vicente, Virto]

⌥
<latexit sha1_base64="v+EAFZOn6qGUC/62oKf4gLvNYWo=">AAACFXicbZBNS8MwGMdTX+d8q3r0EhyChzFaKWwHDwMvHie4F2jLSLN0C0vTkqTCKP0SXvwqXjwo4lXw5rcx6yro5gOBX/7PS578g4RRqSzry1hb39jc2q7sVHf39g8OzaPjnoxTgUkXxywWgwBJwignXUUVI4NEEBQFjPSD6fU8378nQtKY36lZQvwIjTkNKUZKS0OznnnFEFeMAz+zGpbjOFarXkLzB1q5FyX50KzpexFwFewSaqCMztD89EYxTiPCFWZISte2EuVnSCiKGcmrXipJgvAUjYmrkaOISD8rFsrhuVZGMIyFPlzBQv3dkaFIylkU6MoIqYlczs3F/3JuqsKWn1GepIpwvHgoTBlUMZxbBEdUEKzYTAPCgupdIZ4ggbDSRla1Cfbyl1ehd9mwrYZ969TaV6UdFXAKzsAFsEETtMEN6IAuwOABPIEX8Go8Gs/Gm/G+KF0zyp4T8CeMj28xGZsB</latexit><latexit sha1_base64="v+EAFZOn6qGUC/62oKf4gLvNYWo=">AAACFXicbZBNS8MwGMdTX+d8q3r0EhyChzFaKWwHDwMvHie4F2jLSLN0C0vTkqTCKP0SXvwqXjwo4lXw5rcx6yro5gOBX/7PS578g4RRqSzry1hb39jc2q7sVHf39g8OzaPjnoxTgUkXxywWgwBJwignXUUVI4NEEBQFjPSD6fU8378nQtKY36lZQvwIjTkNKUZKS0OznnnFEFeMAz+zGpbjOFarXkLzB1q5FyX50KzpexFwFewSaqCMztD89EYxTiPCFWZISte2EuVnSCiKGcmrXipJgvAUjYmrkaOISD8rFsrhuVZGMIyFPlzBQv3dkaFIylkU6MoIqYlczs3F/3JuqsKWn1GepIpwvHgoTBlUMZxbBEdUEKzYTAPCgupdIZ4ggbDSRla1Cfbyl1ehd9mwrYZ969TaV6UdFXAKzsAFsEETtMEN6IAuwOABPIEX8Go8Gs/Gm/G+KF0zyp4T8CeMj28xGZsB</latexit><latexit sha1_base64="v+EAFZOn6qGUC/62oKf4gLvNYWo=">AAACFXicbZBNS8MwGMdTX+d8q3r0EhyChzFaKWwHDwMvHie4F2jLSLN0C0vTkqTCKP0SXvwqXjwo4lXw5rcx6yro5gOBX/7PS578g4RRqSzry1hb39jc2q7sVHf39g8OzaPjnoxTgUkXxywWgwBJwignXUUVI4NEEBQFjPSD6fU8378nQtKY36lZQvwIjTkNKUZKS0OznnnFEFeMAz+zGpbjOFarXkLzB1q5FyX50KzpexFwFewSaqCMztD89EYxTiPCFWZISte2EuVnSCiKGcmrXipJgvAUjYmrkaOISD8rFsrhuVZGMIyFPlzBQv3dkaFIylkU6MoIqYlczs3F/3JuqsKWn1GepIpwvHgoTBlUMZxbBEdUEKzYTAPCgupdIZ4ggbDSRla1Cfbyl1ehd9mwrYZ969TaV6UdFXAKzsAFsEETtMEN6IAuwOABPIEX8Go8Gs/Gm/G+KF0zyp4T8CeMj28xGZsB</latexit><latexit sha1_base64="v+EAFZOn6qGUC/62oKf4gLvNYWo=">AAACFXicbZBNS8MwGMdTX+d8q3r0EhyChzFaKWwHDwMvHie4F2jLSLN0C0vTkqTCKP0SXvwqXjwo4lXw5rcx6yro5gOBX/7PS578g4RRqSzry1hb39jc2q7sVHf39g8OzaPjnoxTgUkXxywWgwBJwignXUUVI4NEEBQFjPSD6fU8378nQtKY36lZQvwIjTkNKUZKS0OznnnFEFeMAz+zGpbjOFarXkLzB1q5FyX50KzpexFwFewSaqCMztD89EYxTiPCFWZISte2EuVnSCiKGcmrXipJgvAUjYmrkaOISD8rFsrhuVZGMIyFPlzBQv3dkaFIylkU6MoIqYlczs3F/3JuqsKWn1GepIpwvHgoTBlUMZxbBEdUEKzYTAPCgupdIZ4ggbDSRla1Cfbyl1ehd9mwrYZ969TaV6UdFXAKzsAFsEETtMEN6IAuwOABPIEX8Go8Gs/Gm/G+KF0zyp4T8CeMj28xGZsB</latexit>




