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The giant news of the last year is that we 
have discovered a "Higgs-like" particle!

Is it the SM Higgs?



Good reason to expect new physics 
beyond the Standard Model (SM).
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What was the problem?



Problem 1:

Implementing a model was 
often tedious and error 
prone.







Problem 2:

Each matrix element 
generator has its strengths.  
What if you need more than 
one?  In the past you had to 
start over.
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Introduction
From FeynRules to FeynArts so far

The new FeynRules interface to FeynArts
Conclusion

For each tool, the right input

C. Degrande The new FeynRules interface

© C. Degrande



Problem 3:

Implementations often did 
not transfer well to 
experimentalists.
It often required modifying the code of 
the matrix element generator.
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MC4BSM 2012 Tutorial
arXiv:1209.0297
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LanHEP FeynRules SARAH

First Released

Programming 
Language
General 

Lagrangian

Superfields

Parameter 
Running

Aut. Mass 
Diagonalization

Spin

Superfields

1996 2008 2008

C Mathematica Mathematica

Yes Yes SUSY Only

No Yes Yes

No In Progress Yes

Yes In Progress Yes

0,1/2,1,3/2,2 0,1/2,1,3/2,2 -

- Chiral, Vector Chiral, Vector



LanHEP FeynRules SARAH

CalcHEP

FeynArts

MadGraph

Sherpa

Whizard

Yes Yes Yes

Yes Yes Yes

In Progress Yes Yes

No Yes No

No Yes Yes



Example: IDP
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MEG Hack Not Required

These model implementations can be used just like built in 
models.  They do not require modification of the matrix 

element generator code!



Validation



Validation
• Check Hermiticity.

• Check Feynman rules with literature .

• Check gauge invariance.

• Check consistency between 
supported matrix element 
generators.

• Check distributions.

• ...
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Galileo : Current
• Supports any semisimple compact  Lie 

algebra (symmetry).

• Supports  fields of spin 0,1/2,1.

• Supports superfields.

• Automatically generates the Lagrangian.

• Core library + GUI wrapper.



Galileo : Plans
• Core and GUI need more polishing.

• Symmetry breaking.

• Mass matrix diagonalization and rotation to 
physical basis.

• Save/read.

• Export to FeynRules (for further analysis).



Summary
• Discovery of a Higgs-like state!

• We still expect to find more new physics BSM.

• It is much easier/safer to implement BSM models into matrix element 
generators.

• Several choices for implementation (LanHEP, FeynRules, SARAH).

• Export to many MEGs (CalcHEP, FeynArts, MadGraph, Sherpa, 
Whizard).

• No need to modify MEG code.

• Improved validation available.

• Model databases available (FeynRules and HEPMDB).

• Future: Galileo will make the situation even better for the study of BSMs.


