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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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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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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
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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
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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



Superfields (B. Fuks)

• In the future, FeynRules will allow the use of 
superfields.

• Example: Superpotential for left-handed quarks

W = a[i] QL[i] + 1/2*M[i, j] QL[i] QL[j] + 1/6*l[i, j, k] QL[i] QL[j] QL[k]

W = aiQLi + MijQLiQLj +
1
6
λijkQLiQLjQLk

• FeynRules then converts the superfields into component 
fields:

SF2Components[ W ]

ü

Superpotential

ü In Superfields

In[25]:= SuperW := al@iD QL@iD + 1 ê 2 * M@i, jD QL@iD QL@jD + 1 ê 6 * l@i, j, kD QL@iD QL@jD QL@kD;
SuperW

Out[26]=
1

6
QLi QL j QLk li, j,k +

1

2
QLi QL j Mi, j + ali QLi

ü In Components

In[30]:= WZ1 = Timing@SF2Components@SuperWDD; Print@WZ1@@1DDD; WZ1 = WZ1@@2DD;
WZ2 = Timing@SF2Components@HC@SuperWDDD; Print@WZ2@@1DDD; WZ2 = WZ2@@2DD;
WZ1@@2, 5DD

1.19323

1.20424

Out[32]= -
1

6
FTerm3i sqL j sqLk li, j,k -

1

6
FTerm3k sqLi sqL j li, j,k -

1

6
FTerm3 j sqLi sqLk li, j,k -

1

2
FTerm3i sqL j Mi, j -

1

2
FTerm3 j sqLiMi, j -

1

6
sqLk li, j,k qLsp$2,i.qLsp$2, j -

1

6
sqL j li, j,k qLsp$2,i.qLsp$2,k -

1

6
sqLi li, j,k qLsp$2, j.qLsp$2,k -

1

2
Mi, j qLsp$2,i.qLsp$2, j - ali FTerm3i

1.20216

1.18886

1.18233

1.19441

-
1

6
FTerm3kk

† sqLii
† sqLjj

† lii,jj,kk! -
1

6
FTerm3jj

† sqLii
† sqLkk

† lii,jj,kk! -
1

6
FTerm3ii

† sqLjj
† sqLkk

† lii,jj,kk! -

1

2
FTerm3jj

† sqLii
† Mii,jj

! -
1

2
FTerm3ii

† sqLjj
† Mii,jj

! -
1

6
sqLkk

† lii,jj,kk! qLsp$2dot,ii
† .qLsp$2dot,jj

† -

1

6
sqLjj

† lii,jj,kk! qLsp$2dot,ii
† .qLsp$2dot,kk

† -
1

6
sqLii

† lii,jj,kk! qLsp$2dot,jj
† .qLsp$2dot,kk

† -
1

2
Mii,jj

! qLsp$2dot,ii
† .qLsp$2dot,jj

† -

1

6
FTerm3ii sqLjj sqLkk lii,jj,kk -

1

6
FTerm3kk sqLii sqLjj lii,jj,kk -

1

6
FTerm3jj sqLii sqLkk lii,jj,kk -

1

2
FTerm3ii sqLjjMii,jj -

1

2
FTerm3jj sqLiiMii,jj -

1

6
sqLkk lii,jj,kk qLsp$2,ii.qLsp$2,jj -

1

6
sqLjj lii,jj,kk qLsp$2,ii.qLsp$2,kk -

1

6
sqLii lii,jj,kk qLsp$2,jj.qLsp$2,kk -

1

2
Mii,jj qLsp$2,ii.qLsp$2,jj - alii

† FTerm3ii
† - alii FTerm3ii

Super-field strength

ü In Superfields

In[18]:= Lag = GetSuperFS@D

Out[18]=
SuperFSHWSF, gw, epL

16 gw2
+
SuperFSHBSFL

4

4   test-2.nb

ü

Superpotential

ü In Superfields

In[25]:= SuperW := al@iD QL@iD + 1 ê 2 * M@i, jD QL@iD QL@jD + 1 ê 6 * l@i, j, kD QL@iD QL@jD QL@kD;
SuperW

Out[26]=
1

6
QLi QL j QLk li, j,k +

1

2
QLi QL j Mi, j + ali QLi
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Out[32]= -
1

6
FTerm3i sqL j sqLk li, j,k -

1

6
FTerm3k sqLi sqL j li, j,k -

1

6
FTerm3 j sqLi sqLk li, j,k -

1

2
FTerm3i sqL j Mi, j -

1

2
FTerm3 j sqLiMi, j -

1

6
sqLk li, j,k qLsp$2,i.qLsp$2, j -

1

6
sqL j li, j,k qLsp$2,i.qLsp$2,k -

1

6
sqLi li, j,k qLsp$2, j.qLsp$2,k -

1

2
Mi, j qLsp$2,i.qLsp$2, j - ali FTerm3i

1.20216
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1.18233

1.19441

-
1

6
FTerm3kk

† sqLii
† sqLjj

† lii,jj,kk! -
1

6
FTerm3jj

† sqLii
† sqLkk

† lii,jj,kk! -
1

6
FTerm3ii

† sqLjj
† sqLkk

† lii,jj,kk! -

1

2
FTerm3jj

† sqLii
† Mii,jj

! -
1

2
FTerm3ii

† sqLjj
† Mii,jj

! -
1

6
sqLkk

† lii,jj,kk! qLsp$2dot,ii
† .qLsp$2dot,jj

† -

1

6
sqLjj

† lii,jj,kk! qLsp$2dot,ii
† .qLsp$2dot,kk

† -
1

6
sqLii

† lii,jj,kk! qLsp$2dot,jj
† .qLsp$2dot,kk

† -
1

2
Mii,jj

! qLsp$2dot,ii
† .qLsp$2dot,jj

† -

1

6
FTerm3ii sqLjj sqLkk lii,jj,kk -

1

6
FTerm3kk sqLii sqLjj lii,jj,kk -

1

6
FTerm3jj sqLii sqLkk lii,jj,kk -

1

2
FTerm3ii sqLjjMii,jj -

1

2
FTerm3jj sqLiiMii,jj -

1

6
sqLkk lii,jj,kk qLsp$2,ii.qLsp$2,jj -

1

6
sqLjj lii,jj,kk qLsp$2,ii.qLsp$2,kk -

1

6
sqLii lii,jj,kk qLsp$2,jj.qLsp$2,kk -

1

2
Mii,jj qLsp$2,ii.qLsp$2,jj - alii

† FTerm3ii
† - alii FTerm3ii

Super-field strength

ü In Superfields

In[18]:= Lag = GetSuperFS@D

Out[18]=
SuperFSHWSF, gw, epL

16 gw2
+
SuperFSHBSFL

4
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FeynArts interface 
• A new interface to FeynArts is being developped

that allows to implement arbitrary Lorentz structures.

(C. Degrande, CD)

FeynRules

FeynArts

‘.mod’-file ‘.gen’-fileModel-dependent 
couplings

(Model-independent) 
Lorentz structures

• This development goes along with a new version of 
FormCalc able to deal with multi-fermion interactions.



Mass Matrix diagonalization

• In the future, FeynRules will be able to perform the 
diagonalization automatically.

Expanding flavors...

----- Content of MR$MassMatrices -----

8Diagonalization@SEigensystem, UW, 80, MZ<D -> 88Hgw^2*v^2L ê8, -Hg1*gw*v^2L ê4<, 8-Hg1*gw*v^2L ê4, Hg1^2*v^2L ê8<<,
Diagonalization@HEigensystem, CKMU, 8MU, MC, MT<D ->
88-Hv*Yu@Index@Generation, 1D, Index@Generation, 1DDL ê H2*Sqrt@2DL, -Hv*Yu@Index@Generation, 1D, Index@Generation, 2DDL ê

H2*Sqrt@2DL, -Hv*Yu@Index@Generation, 1D, Index@Generation, 3DDL ê H2*Sqrt@2DL<,
8-Hv*Yu@Index@Generation, 2D, Index@Generation, 1DDL ê H2*Sqrt@2DL, -Hv*Yu@Index@Generation, 2D, Index@Generation, 2DDL ê

H2*Sqrt@2DL, -Hv*Yu@Index@Generation, 2D, Index@Generation, 3DDL ê H2*Sqrt@2DL<,
8-Hv*Yu@Index@Generation, 3D, Index@Generation, 1DDL ê H2*Sqrt@2DL, -Hv*Yu@Index@Generation, 3D, Index@Generation, 2DDL ê

H2*Sqrt@2DL, -Hv*Yu@Index@Generation, 3D, Index@Generation, 3DDL ê H2*Sqrt@2DL<<,
Diagonalization@HEigensystem, CKMD, 8MD, MS, MB<D -> 88-Hv*Yd@Index@Generation, 1D, Index@Generation, 1DDL ê H2*Sqrt@2DL,

-Hv*Yd@Index@Generation, 1D, Index@Generation, 2DDL ê H2*Sqrt@2DL,
-Hv*Yd@Index@Generation, 1D, Index@Generation, 3DDL ê H2*Sqrt@2DL<,

8-Hv*Yd@Index@Generation, 2D, Index@Generation, 1DDL ê H2*Sqrt@2DL, -Hv*Yd@Index@Generation, 2D, Index@Generation, 2DDL ê
H2*Sqrt@2DL, -Hv*Yd@Index@Generation, 2D, Index@Generation, 3DDL ê H2*Sqrt@2DL<,

8-Hv*Yd@Index@Generation, 3D, Index@Generation, 1DDL ê H2*Sqrt@2DL, -Hv*Yd@Index@Generation, 3D, Index@Generation, 2DDL ê
H2*Sqrt@2DL, -Hv*Yd@Index@Generation, 3D, Index@Generation, 3DDL ê H2*Sqrt@2DL<<<

----- sorted list of rules -----

:eØ
gw g£

g£2 + gw2
, gs Ø 2 p AlfaS , DiagonalizationHSEigensystem, UW, 80, mZ<LØ

gw2 v2

8
-
1
4
gw v2 g£

-
1
4
gw v2 g£ 1

8
v2 g£2

,

DiagonalizationHHEigensystem, CKMU, 8mu, mc, mt<LØ

-
vYu1,1

2 2
-
vYu1,2

2 2
-
vYu1,3

2 2

-
vYu2,1

2 2
-
vYu2,2

2 2
-
vYu2,3

2 2

-
vYu3,1

2 2
-
vYu3,2

2 2
-
vYu3,3

2 2

,

DiagonalizationIHEigensystem, CKMD, 9md, ms, mb=MØ

-
vYd1,1

2 2
-
vYd1,2

2 2
-
vYd1,3

2 2

-
vYd2,1

2 2
-
vYd2,2

2 2
-
vYd2,3

2 2

-
vYd3,1

2 2
-
vYd3,2

2 2
-
vYd3,3

2 2

, AlfaØ
e2

4 p
, mW Ø

emZ

g£
>

2   Untitled-11

• To be done: numerical code for the diagonlization.

Input 1: Lagrangian

qLbar[s1,l1,f1,i].uR[s1,f2,i] Yu[f1,f2] Eps[l1,l2] Phibar[l2]
Input 2: Mixing relations

uq[s, #, o] == CKMU.uqp[s, #, o]

Output 1: Mass matrix to be diagonalized

Output 2: ‘Rotation rules’

Expanding flavors...

----- Content of MR$MassMatrices -----

8Diagonalization@SEigensystem, UW, 80, MZ<D -> 88Hgw^2*v^2L ê8, -Hg1*gw*v^2L ê4<, 8-Hg1*gw*v^2L ê4, Hg1^2*v^2L ê8<<,
Diagonalization@HEigensystem, CKMU, 8MU, MC, MT<D ->
88-Hv*Yu@Index@Generation, 1D, Index@Generation, 1DDL ê H2*Sqrt@2DL, -Hv*Yu@Index@Generation, 1D, Index@Generation, 2DDL ê

H2*Sqrt@2DL, -Hv*Yu@Index@Generation, 1D, Index@Generation, 3DDL ê H2*Sqrt@2DL<,
8-Hv*Yu@Index@Generation, 2D, Index@Generation, 1DDL ê H2*Sqrt@2DL, -Hv*Yu@Index@Generation, 2D, Index@Generation, 2DDL ê

H2*Sqrt@2DL, -Hv*Yu@Index@Generation, 2D, Index@Generation, 3DDL ê H2*Sqrt@2DL<,
8-Hv*Yu@Index@Generation, 3D, Index@Generation, 1DDL ê H2*Sqrt@2DL, -Hv*Yu@Index@Generation, 3D, Index@Generation, 2DDL ê

H2*Sqrt@2DL, -Hv*Yu@Index@Generation, 3D, Index@Generation, 3DDL ê H2*Sqrt@2DL<<,
Diagonalization@HEigensystem, CKMD, 8MD, MS, MB<D -> 88-Hv*Yd@Index@Generation, 1D, Index@Generation, 1DDL ê H2*Sqrt@2DL,

-Hv*Yd@Index@Generation, 1D, Index@Generation, 2DDL ê H2*Sqrt@2DL,
-Hv*Yd@Index@Generation, 1D, Index@Generation, 3DDL ê H2*Sqrt@2DL<,

8-Hv*Yd@Index@Generation, 2D, Index@Generation, 1DDL ê H2*Sqrt@2DL, -Hv*Yd@Index@Generation, 2D, Index@Generation, 2DDL ê
H2*Sqrt@2DL, -Hv*Yd@Index@Generation, 2D, Index@Generation, 3DDL ê H2*Sqrt@2DL<,

8-Hv*Yd@Index@Generation, 3D, Index@Generation, 1DDL ê H2*Sqrt@2DL, -Hv*Yd@Index@Generation, 3D, Index@Generation, 2DDL ê
H2*Sqrt@2DL, -Hv*Yd@Index@Generation, 3D, Index@Generation, 3DDL ê H2*Sqrt@2DL<<<

----- sorted list of rules -----

:eØ
gw g£

g£2 + gw2
, gs Ø 2 p AlfaS , DiagonalizationHSEigensystem, UW, 80, mZ<LØ

gw2 v2

8
-
1
4
gw v2 g£

-
1
4
gw v2 g£ 1

8
v2 g£2

,

DiagonalizationHHEigensystem, CKMU, 8mu, mc, mt<LØ

-
vYu1,1

2 2
-
vYu1,2

2 2
-
vYu1,3

2 2

-
vYu2,1

2 2
-
vYu2,2

2 2
-
vYu2,3

2 2

-
vYu3,1

2 2
-
vYu3,2

2 2
-
vYu3,3

2 2

,

DiagonalizationIHEigensystem, CKMD, 9md, ms, mb=MØ

-
vYd1,1

2 2
-
vYd1,2

2 2
-
vYd1,3

2 2

-
vYd2,1

2 2
-
vYd2,2

2 2
-
vYd2,3

2 2

-
vYd3,1

2 2
-
vYd3,2

2 2
-
vYd3,3

2 2

, AlfaØ
e2

4 p
, mW Ø

emZ

g£
>

In[22]:= ProjP@s1, sD
PRIVATE`MR$RightMixing@uqp@Index@Spin, sD, Index@Generation, 1D, Index@Colour, oDDD

Out[22]= HP+Ls1,s ICKMUH1, 1L
! uqs,1,o + CKMUH2, 1L! uqs,2,o + CKMUH3, 1L! uqs,3,oM

In[19]:= ?? PRIVATE`MR$RightMixing

2   Untitled-11

(N. Christensen, 
M. Wiebusch)



The UFO 
UFO = Universal FeynRules Output

• Idea: Create Python modules that can be linked to other 
codes and contain all the information on a given model.

• The UFO is a self-contained Python code, and not tied to a 
specific matrix element generator.

• Golem, MadGraph 5 and Herwig++ will use the UFO.

• The development of the UFO goes hand in hand with the 
development of ALOHA (Automatic Language-
independent Output of Helicity Amplitudes), a code that 
allows to create HELAS routines from the UFO.

(P. de Aquino, CD, D. Grellscheid, W. 
Link, O. Mattelaer, T. Reiter)



• Started @ Michigan State University almost 
2 years ago.

• In the final weeks of validation.

• Published in the coming weeks.

Whizard Interface



MC4BSM 2010 - Fabio Maltoni



Validation

•Very important:
• We don’t want to release crap!

• We don’t want you to use FeynRules to 
create crap!
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