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Overview

OperatorToC++

• What is it and what does it do?

• The motivations for development and some technical niceties

• Plans for further improvements and extensions
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OperatorToC++: A transpiler

<model_name>.h

<model_name>.cpp

OperatorExport.m
OperatorImport.h

OperatorImport.cpp

Matching-conditions.m

file storing Matchete output 
as key-value pairs

OpExp_frontend.nb

user-interface

generates

main.cpp

<latexit sha1_base64="QEoqUmJNmUY4JXTrWxlzi3mq9MQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5Ko1C4LblxWsLXQhDKZ3LRDJ5MwMxFKCG78FTcuFHHrV7jzb5y0WWjrgWEO59x7Z+7xE0alsu1vo7Kyura+Ud2sbW3v7O6Z+wc9GaeCQJfELBZ9H0tglENXUcWgnwjAkc/g3p9cF/79AwhJY36npgl4ER5xGlKClZaG5pGb8gCELzCBzB3LpLgvSJTnQ7NuN+wZrGXilKSOSnSG5pcbxCSNgCvCsJQDx06Ul2GhKGGQ19xUgh4/wSMYaMpxBNLLZivk1qlWAiuMhT5cWTP1d0eGIymnka8rI6zGctErxP+8QarClpdRnqQKOJk/FKbMUrFV5GEFVABRbKoJJoLqv1pkjHUcSqdW0yE4iysvk955w2k2mreX9XarjKOKjtEJOkMOukJtdIM6qIsIekTP6BW9GU/Gi/FufMxLK0bZc4j+wPj8ARyxl+A=</latexit>︸ ︷︷ ︸
platform for further numerical calculations
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The User-Interface
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The User-Interface

Load the OperatorExport module and the saved Machete output
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The User-Interface

Load the OperatorExport module and the saved Machete output
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Rename variables (model-dependent step) and simplification



The User-Interface (continued)
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Parameter extraction and file creation
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Parameter extraction and file creation

For the MSSM, the entire operation takes less than 3 minutes on an M3 MBP



The User-Interface (continued)
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Parameter extraction and file creation

For the MSSM, the entire operation takes less than 3 minutes on an M3 MBP

For minimal extensions of the SM, it takes only a few seconds.
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Generated C++ (header) file
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Motivations for 
development 
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<insert doomsday slide>

10



Challenges and Motivations for development

11



Challenges and Motivations for development

11

(1) Large number of fields in the BSM => very intricate matching expressions.



Challenges and Motivations for development

11

(1) Large number of fields in the BSM => very intricate matching expressions.

Large number of terms (100s - 1000s)



Challenges and Motivations for development

11

(1) Large number of fields in the BSM => very intricate matching expressions.

Large number of terms (100s - 1000s)

Wide variety of loop-functions in the results



Challenges and Motivations for development

11

(1) Large number of fields in the BSM => very intricate matching expressions.

Large number of terms (100s - 1000s)

Wide variety of loop-functions in the results

Variable patterns of repeated index contractions



Challenges and Motivations for development

11

(1) Large number of fields in the BSM => very intricate matching expressions.

Large number of terms (100s - 1000s)

Wide variety of loop-functions in the results

Variable patterns of repeated index contractions

(2) Speed of execution when doing parameter scans or numerical analyses.
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(1) Large number of fields in the BSM => very intricate matching expressions.

Large number of terms (100s - 1000s)

Wide variety of loop-functions in the results

Variable patterns of repeated index contractions

(2) Speed of execution when doing parameter scans or numerical analyses.

(3) Extensibility w.r.t. the incorporation of higher mass dimensions, higher loop order 
and different operator bases.
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How to treat different quantities with indices on a similar footing?
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LF[{mqt[[r2]], mut[[r1]]}, {1,1,0}] * Yu[[r1,r2]] * Yu[[r1,r2]] 
= LF[{mqt[[1]], mut[[1]]}, {1,1,0}] * Yu[[1,1]] * Yu[[1,1]] + 
  LF[{mqt[[1]], mut[[2]]}, {1,1,0}] * Yu[[2,1]] * Yu[[2,1]] + 
  . . . + 
  LF[{mqt[[3]], mut[[3]]}, {1,1,0}] * Yu[[3,3]] * Yu[[3,3]] 

Brute force approach:

(1) In Mathematica - Expand everything and sum

Expand the loop-function in each term?

This is suboptimal

1. We end up with many more terms than before.

2. Expanding the loop-function at this stage can lead to NaNs and 

Infinities, if degenerate values of masses are encountered later. 



A case study in repeated index summation

14

Brute force approach:



A case study in repeated index summation

14

Brute force approach:

(2) In C++: Nested “for” loops inside a wrapper function 



A case study in repeated index summation

14

Brute force approach:

(2) In C++: Nested “for” loops inside a wrapper function 

double EinsSum(LF({mqt, mut}, uid, mubarsq), Yu, Yu, —-info about index order-—) { 
    double sum = 0; 
    for(int r1 = 0; r1 < 3; r1++) { 
        for(int r2 = 0; r2 < 3; r2++) { 
             sum += LF({mqt[r2], mut[r1]}, uid, mubarsq) * Yu[r1][r2] * Yu[r1][r2]; 
        } 
    } 
    return sum; 
} 



A case study in repeated index summation

14

Brute force approach:

(2) In C++: Nested “for” loops inside a wrapper function 

double EinsSum(LF({mqt, mut}, uid, mubarsq), Yu, Yu, —-info about index order-—) { 
    double sum = 0; 
    for(int r1 = 0; r1 < 3; r1++) { 
        for(int r2 = 0; r2 < 3; r2++) { 
             sum += LF({mqt[r2], mut[r1]}, uid, mubarsq) * Yu[r1][r2] * Yu[r1][r2]; 
        } 
    } 
    return sum; 
} 

This lacks extensibility

1. The level of nesting of the “for” loops changes on a case 

by case basis based on the number of repeated indices.

2. Depending on the matched expression, “EinsSum” needs 

to be able to work with a wide variety of input



A case study in repeated index summation

14

Brute force approach:

(2) In C++: Nested “for” loops inside a wrapper function 

double EinsSum(LF({mqt, mut}, uid, mubarsq), Yu, Yu, —-info about index order-—) { 
    double sum = 0; 
    for(int r1 = 0; r1 < 3; r1++) { 
        for(int r2 = 0; r2 < 3; r2++) { 
             sum += LF({mqt[r2], mut[r1]}, uid, mubarsq) * Yu[r1][r2] * Yu[r1][r2]; 
        } 
    } 
    return sum; 
} 

This lacks extensibility

1. The level of nesting of the “for” loops changes on a case 

by case basis based on the number of repeated indices.

2. Depending on the matched expression, “EinsSum” needs 

to be able to work with a wide variety of input

3. To track the index order, 
one needs pointer-magic.
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{ 
 { {..}, {..}, }, 
 { {..}, {..}, }, 
 . 
 . 
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}

v4

0 <= i < v2.size()

Multiply all such Eval() calls for a given v4,

using std::accumulate or std::reduce

can contain 1d, 2d vectors as well as 
loop-function “functors”, if declared 
as a vector of (std::variant)s

We only need to create wrapper 
function on the Mathematica end, 
no expansions necessary! 
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0 <= i < v2.size()

Only a single loop needed to iterate over all N v4’s

Multiply all such Eval() calls for a given v4,

using std::accumulate or std::reduce

can contain 1d, 2d vectors as well as 
loop-function “functors”, if declared 
as a vector of (std::variant)s

We only need to create wrapper 
function on the Mathematica end, 
no expansions necessary! 

The entire construct is easily parallelizable and 
generalizable.
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Next steps
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• Optimisations, for instance through caching in C++

• Implementing non-Warsaw SMEFT operator bases

• Going beyond dimension 6

• Going beyond one-loop

• Setting up a robust IO. Interface with the .slha file format, for instance.



Thank 
You! 
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BSM 
Lagrangian

EFT 
Coefficients

Matchete

(1)

C++ Classes & 
Functions

OperatorToC++

(2)

https://github.com/BSM-EFT/OperatorToCpp
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<model_name>.h

<model_name>.cpp

OperatorExport.m
OperatorImport.h

OperatorImport.cpp

Matching-conditions.m

Matchete output

OpExp_frontend.nb

user-interface

generates

main.cpp

platform for further numerical calculations

Summary

https://github.com/BSM-EFT/OperatorToCpp

