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Dim-6 SMEFT Weakly coupled UV completions

J. de Blas, J. C. Criado, M. Perez-Victoria, J. Santiago, 1711.10391

Tree-level

Extensions: dim-8, 1-loop, …

MatchingTools

CoDEx
Matchete/SuperTracer
Matchingmakereft
STrEAM

tree-level:

1-loop:

https://arxiv.org/abs/1711.10391


Dim-4 couplings to the SM
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Dim-3 and 5 couplings
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1. Identify all heavy fields that generate dim-6 operators
= representations that couple linearly to the SM through dim-3 or 4 operators

Scalars

Fermions

Vectors



2. Construct all their interactions that generate dim-6 ops
= those allowed by diagrammatic arguments

+…



3. Tree-level matching to dim-6 operators
Using MatchingTools + cross-checks by hand

+…

Dim-6 tree-level matching done!



Top-down



Bottom-up



Example workflow

1. Parametrize experimental anomaly with Wilson coefficients


2. Bottom-up dictionary: identify (combinations of) heavy fields that generate 
the Wilson coefficients (in the correct combination).


3. Top-down dictionary: find other Wilson coefficients generated by the 
selected heavy fields.


4. Look for measurable effects of the other Wilson coefficients to 



The need for automation
1711.10391:


- UV Lagrangian: 6 pages


- Wilson coefficients: 28 pages Dim-8, 1-loop

x10? More?

https://arxiv.org/abs/1711.10391


A format for matching dictionaries
Requirements

• Fully general for tree-level and 1-loop matching


• Contain information about fields and couplings in the UV theory


• Easy access to:


• Bottom-up info: UV fields and couplings that generate a WC


• Top-down info: WCs generated by a given set of UV fields and couplings


• Input/output values of the WCs in several formats: numerical values (WCxf), 
LaTeX, Mathematica, SymPy, …



Matchingmakereft

MatchingTools

MatchingDB

dict.sqlite

Python/
Mathematica 

interface

Read relevant info

Tools for matching

…



Relational databases

Col1 Col2 …

Multiple tables: Uniquely named columns 
with fixed types

Rows are tuples with types:


(type(Col1), type(Col2), …)



SQL

Col1 Col2 Col3 Col4 …

3

7

1

2

7

7

2

SELECT Col1, Col3


FROM Table1


WHERE Col4=7;

Col1 Col3

Table1:



SQLite
• Whole database in a single file: easy to share.


• No client-server system, just: $ sqlite3 my_db.sqlite and run queries.


• Bindings in the Python and Mathematica standard libraries:



How to store Wilson coefficients?

From 1711.10391

From A. Carmona, A. Lazopoulos, 
P. Olgoso, S. Santiago, 
2112.10787, (Matchmakereft)

https://arxiv.org/abs/1711.10391
https://arxiv.org/abs/2112.10787


Terms
General form

𝚝𝚎𝚛𝚖 :=
N
D

πnπ (∏
i

𝚌𝚘𝚞𝚙𝚕𝚒𝚗𝚐_𝚏𝚊𝚌𝚝𝚘𝚛i) ∏
j

𝚖𝚊𝚜𝚜_𝚏𝚊𝚌𝚝𝚘𝚛j 𝚖𝚊𝚜𝚜_𝚕𝚘𝚐𝚌𝚘𝚞𝚙𝚕𝚒𝚗𝚐_𝚏𝚊𝚌𝚝𝚘𝚛 𝚖𝚊𝚜𝚜_𝚏𝚊𝚌𝚝𝚘𝚛 𝚖𝚊𝚜𝚜_𝚕𝚘𝚐

𝚌𝚘𝚞𝚙𝚕𝚒𝚗𝚐_𝚏𝚊𝚌𝚝𝚘𝚛 := (gi1i2…)
n

or (g*i1i2…)
n

𝚖𝚊𝚜𝚜_𝚏𝚊𝚌𝚝𝚘𝚛 := Mn
F,i or (M2

F1,i1 − M2
F2,i2)

n

𝚖𝚊𝚜𝚜_𝚕𝚘𝚐 := 1 or log
Mn

F,i

μn
or log

Mn
F1,i1

Mn
F2,i2



Terms
Encoding
𝚌𝚘𝚞𝚙𝚕𝚒𝚗𝚐_𝚏𝚊𝚌𝚝𝚘𝚛 := (gi1i2…)

n
or (g*i1i2…)

n

𝚖𝚊𝚜𝚜_𝚏𝚊𝚌𝚝𝚘𝚛 := Mn
F,i or (M2

F1,i1 − M2
F2,i2)

n

𝚖𝚊𝚜𝚜_𝚕𝚘𝚐 := 1 or log
Mn

F,i

μn
or log

Mn
F1,i1

Mn
F2,i2

[𝚜𝚝𝚛, 𝚒𝚗𝚝, 𝚋𝚘𝚘𝚕, 𝚜𝚝𝚛]
name exponent conjugate indices

[[𝚜𝚝𝚛, 𝚜𝚝𝚛], 𝚒𝚗𝚝]

[[𝚜𝚝𝚛, 𝚜𝚝𝚛], [𝚜𝚝𝚛, 𝚜𝚝𝚛], 𝚒𝚗𝚝]

field index exponent

field index field index exponent

[[𝚜𝚝𝚛, 𝚜𝚝𝚛], 𝚒𝚗𝚝]

[[𝚜𝚝𝚛, 𝚜𝚝𝚛], [𝚜𝚝𝚛, 𝚜𝚝𝚛], 𝚒𝚗𝚝]

field index exponent

field index field index exponent

[]



The MatchingDB format
Specification (see MatchingDB.md)

coefficient fields numerical_fraction pi_exponent coupling_factors mass_factors mass_log
“phie” “["E"]” “[1, 2]” 0 “[[“g",1,True,"ik"],…]” “[…]” “[]”

“phie” “["S","E"]” “[-3, 16]” -2 … … …

“uG” … … … … … …

… … … … … … …

Strings containing JSON arrays (of arrays)

Table Terms

https://gitlab.com/jccriado/matchingdb/-/blob/main/MatchingDB.md


The MatchingDB format
Specification (see MatchingDB.md)

name real lorentz_rep su3_rep su2_rep u1_rep latex
“S” 1 “scalar” “1” “1” “0” “\mathcal{S}”

“Xi1” 0 “scalar” “1” “3” “1” “\Xi_1”

“Delta1” 0 “vector” “1” “2” “-1/2” “\Delta_1”

… … … … … … …

Table Fields

https://gitlab.com/jccriado/matchingdb/-/blob/main/MatchingDB.md


The MatchingDB format
Specification (see MatchingDB.md)

name fields real latex latex_interaction latex_indices

“lambda_tilde” “["E"]” 0 “\tilde{\lambda}”
“\bar{E}_a 

\phi^\dagger l_i” “ai”

“kappa_S” “["S"]” 1 “\kappa_{\mathcal{S}}”
“\mathcal{S}_a 

\phi^\dagger \phi” “a”

… … … … …

Table Couplings

https://gitlab.com/jccriado/matchingdb/-/blob/main/MatchingDB.md


Extracting info from MatchingDB
Tables Information

Terms Get all combinations of heavy fields that contribute to a given Wilson coefficient

Terms Get all combinations of couplings that contribute to a given Wilson coefficient

Terms + Fields + Couplings Write the expression for a Wilson coefficient in LaTeX, Mathematica, …

Terms (+ user-provided numerical 
values for couplings and masses) Write the numerical values of Wilson coefficients (WCxf)

Fields Get information (spin, representation, …) about a given field

Couplings Get information (heavy fields involved, real/complex, …) about a given coupling

Fields + Couplings Write the relevant sector of a UV Lagrangian for a given set of fields



Python interface
Writing to the database

Cϕe =
1

64π2M2
E

(Ye)*ik λ̃ka λ̃*la (Ye)lj log
μ2

M2
E,a

+ …



Python interface
Writing to the database

ℒUV = λ̃iaℓLiϕERa + …



Python interface
Writing to the database

E ∼ fermion × (1,1)−1



Python interface
Writing to the database



Python interface
Reading from the database



Python interface
Reading from the database



Python interface
Reading from the database



Python interface
Reading from the database



Python interface
Reading from the database



Ongoing/future work

• Polish/generalize MatchingDB specification. Comments are welcome!


• Add missing features to Python interface (UV Lagrangian, Mathematica 
output, SymPy?, …)


• Build Mathematica interface.


• Provide the output of MatchingTools and Matchmakereft in the MatchingDB 
format, using the Python/Mathematica interface.


• Make all dictionaries available at the GitHub repo.



Conclusions

• Matching dictionaries are an efficient and practically useful tool to deal with 
matching calculations in EFT.


• Huge size  automatic tools are necessary.


• Common format can be useful to present matching results from any tool.


• MatchingDB format: fully general for tree-level and 1-loop matching, contain 
info about the UV theory too.

⟹


