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FIG. 2: A plot of the real part of the J = 0 partial wave amplitude of WW scattering in the Higgsless SM (HSM) at tree level.
The blue line is the unitarity bound of 1/2. The HSM overcomes this bound at 1.2TeV.
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FIG. 3: The diagrams involved in WW scattering when a new Z ′ gauge boson is added to the HSM. The Z ′ contributes in the
S and T channels and reduces the amplitude, thus improving unitarity.

We can strengthen the bound by considering the coupled channel:
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which maximizes the amplitude and maximally strengthens the bound, giving
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This is plotted in Figure 2 along with the unitarity bound of 1/2. The HSM overcomes the unitarity bound at 1.2TeV .
We know that something new beyond the HSM must appear before 1TeV to unitarize WW scattering. It might be
a scalar field as in the SM, but it could also be gauge bosons. For example, a Z ′ gauge boson could contribute in the
process WW → WW in the S and T channel as in Figure 3. The partial wave amplitude of this process is given by
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The first term is the contribution from the HSM. The second term is the contribution from Z ′ exchange. Since the Z ′

is much heavier than the W gauge boson, the second term is negative and reduces the quadratic growth and allows
unitarity to be valid to higher energies.

We don’t know what the next new physics will be. It might be a new scalar field, it might be new gauge bosons,
it might even be a combination. For the moment, let’s consider the case that the next new physics is a pair of gauge
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• M. Golden: PLB 338, 295 (1994)

• Won’t the fields that unitarize                             
also unitarize                       ?

W+W− →W+W−

tt̄→W+W−
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SU(2)0 SU(2)1 U(1)2
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SU(2)0 SU(2)1 U(1)2
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W’ and Z’ are “fermiophobic”!
W and Z are SM like.
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CalcHEP

MadGraph

Herwig

Sherpa

Whizard

FeynArts



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.



cp3

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.



Problem 3:

Implementations often did 
not transfer well to 
experimentalists.
It often required modifying the code of 
the matrix element generator.



FeynRules
In collaboration with:

Claude Duhr, Benjamin Fuks,
P. de Aquino, C. Degrande, D. Grellscheid, W. Link,

F. Maltoni, O. Mattelaer, T. Reiter, C. Speckner,
S. Schumann, M. Wiebusch



Model File

FeynRules

FeynArts

MadGraph

CalcHEP Sherpa

Whizard

Herwig



F[1]  ==  
   {ClassName     ->   q,
    SelfConjugate ->  False,
    Indices            ->  {Index[Colour]},
    Mass               ->  {MQ,  200},
    Width              ->  {WQ, 5}   }



L = 
-1/4 FS[G,mu,nu,a] FS[G,mu,nu,a]  
+ I qbar.Ga[mu].del[q,mu]
+ gs qbar.Ga[mu].T[a].q G[mu,a]
- MQ qbar.q





cp3

Introduction
From FeynRules to FeynArts so far

The new FeynRules interface to FeynArts
Conclusion

Welcome in the FeynRules era

C. Degrande The new FeynRules interface
© C. Degrande



MC4BSM 2010 - Fabio Maltoni

FeynRules 2010 Workshop

Idea: Lock 13 experts in a (very nice) Monastery for one week.

Exceptional interactions with MC’s developers/TH tools. 

Celine Sasha  Priscila Martin Benj Christian Claude Will Olivier David Neil Thomas



Development

• Superfield Formalism (B. Fuks)

• New FeynArts Interface (C. Degrande, C. Duhr)

• Automatic Mass Matrix Diagonalization (M. Wiebusch, NDC)

• New MadGraph5/Herwig Interface (P. de Aquino, C. Duhr, D. 
Grellscheid, W. Link, O. Mattelaer, T. Reiter)

• New Whizard Interface (arXiv:1010.325) (NDC, C. Duhr, B. 
Fuks, J. Rueter, C. Speckner)

• Model Database (all)

• New automatized Web Validation (NDC)
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Implement MHM 
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Compare predictions 
with LHC data:
Still to be done!

Store MHM in
Model Database

Extend MHM
to fit data


