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• Work in progress:
• Fermions
• Color operators
• Ghosts
• GF terms
• Heavy BSM resonances

• Other applications:
• ChPT
• ChPT + Resonances
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In[�]:=
asigna opciones
SetOptions[

interfaz
$FrontEnd, "ClearEvaluationQueueOnKernelQuit" �

falso
False];

detén núcleo del sistema
Quit[];

EWETFeynRules
In[�]:= $FeynRulesPath =

establece directorio
SetDirectory["/Applications/Mathematica.app/Contents/AddOns/feynrules"];

In[�]:= << FeynRules`;

- FeynRules -

Version: 2.3.49 ( 29 September 2021).

Authors: A. Alloul, N. Christensen, C. Degrande, C. Duhr, B. Fuks

Please cite:

- Comput.Phys.Commun.185:2250-2300,2014 (arXiv:1310.1921);

- Comput.Phys.Commun.180:1614-1641,2009 (arXiv:0806.4194).

http://feynrules.phys.ucl.ac.be

The FeynRules palette can be opened using the command FRPalette[].

In[�]:=
establece directorio
SetDirectory[

directorio de cuaderno
NotebookDirectory[]];

LoadModel["EWET.fr"];
Durante la evaluación de In[3]:=

This model implementation was created by

Durante la evaluación de In[3]:=

Javier Martínez

Durante la evaluación de In[3]:=

Juan José Sanz Cillero

Durante la evaluación de In[3]:=

Model Version: 1

Durante la evaluación de In[3]:=

For more information, type ModelInformation[].

Durante la evaluación de In[3]:=

Durante la evaluación de In[3]:=

- Loading particle classes.

Durante la evaluación de In[3]:=

- Loading gauge group classes.

Durante la evaluación de In[3]:=

- Loading parameter classes.

Durante la evaluación de In[3]:=

Model EWET loaded.
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Fields and Operators
In[�]:= M = epsf * {{ pi0,

raíz cuadrada
Sqrt[2] piC } , {

raíz cuadrada
Sqrt[2] piCbar, -pi0}};

UU =
exponencial�
MatrixExp[

número i
I M / vev] //

simpli�ca
Simplify;

uu =
potencia matricial
MatrixPower[UU, 1 / 2] //

simpli�ca
Simplify;

In[�]:= UTayl =
serie
Series[UU, {vev,

in�nito
Infinity, 5}] //

normal
Normal ;

In[�]:= UdagTayl =
simpli�ca comple�
FullSimplify[

transpuesto conjugado
ConjugateTranspose[UTayl]] /. {

conjugado
Conjugate[pi0] � pi0,

conjugado
Conjugate[piC] � piCbar,

conjugado
Conjugate[piCbar] � piC} //

expande factores
Expand;

In[�]:= uTayl =
serie
Series[uu, {vev,

in�nito
Infinity, 5}] //

normal
Normal;

In[�]:= udagTayl =
simpli�ca comple�
FullSimplify[

transpuesto conjugado
ConjugateTranspose[uTayl]] /. {

conjugado
Conjugate[pi0] � pi0,

conjugado
Conjugate[piC] � piCbar,

conjugado
Conjugate[piCbar] � piC} //

expande factores
Expand;

In[�]:= What[mu_] = -epsf * gw / 2 *
s�
Sum[

matriz Pauli
PauliMatrix[i] * Wi[mu, i], {i, 1, 3}];

In[�]:= Bhat[mu_] = -epsf * g1 / 2 *
matriz Pauli
PauliMatrix[3] * B[mu];

In[�]:= DU[mu_] := del[UTayl, mu] -
número i
I * What[mu].UTayl +

número i
I * UTayl.Bhat[mu];

In[�]:= DUdag[mu_] := del[UdagTayl, mu] +
número i
I * UdagTayl.What[mu] -

número i
I * Bhat[mu].UdagTayl;

In[�]:= u[mu_] :=
normal
Normal[

serie
Series[ -

número i
I * udagTayl.DU[mu].udagTayl, {epsf, 0, 5}]]

In[�]:= BBhat[mu_, nu_] =

del[Bhat[nu], mu] - del[Bhat[mu], nu] -
número i
I (Bhat[mu].Bhat[nu] - Bhat[nu].Bhat[mu]);

In[�]:= WWhat[mu_, nu_] = FS[What, mu, nu] -
número i
I * (What[mu].What[nu] - What[nu].What[mu]);

In[�]:= fplus[mu_, nu_] =
normal
Normal[

serie
Series[

udagTayl.WWhat[mu, nu].uTayl + uTayl.BBhat[mu, nu].udagTayl, {epsf, 0, 6}]] ;

In[�]:= fminus[mu_, nu_] =
normal
Normal[

serie
Series[

udagTayl.WWhat[mu, nu].uTayl - uTayl.BBhat[mu, nu].udagTayl, {epsf, 0, 6}]];
TT = -g1 / 2 * uTayl.

matriz Pauli
PauliMatrix[3].udagTayl;

In[�]:= X[mu_] = -g1 * epsf * B[mu];

2 EWET FeynRules.nb
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In[�]:= XX[mu_, nu_] = FS[X, mu, nu];

L2

L2 Scalar
In[�]:= L2tr =

traza
Tr[u[mu].u[mu]] //

expande factores
Expand;

In[�]:= Lagr2Scalar =
normal
Normal[

serie
Series[ 1 / 2 * del[epsf * H, mu] * del[epsf * H, mu] - 1 / 2 * MH^2 * epsf^2 * H^2 -

1 / 2 * MH^2 * vev^2 * (b3 * epsf^3 * H^3 / vev^3 + b4 * epsf^4 * H^4 / vev^4 +

b5 * epsf^5 * H^5 / vev^5 + b6 * epsf^6 * H^6 / vev^6) +

vev^2 / 4 * L2tr + vev * epsf * H / 2 * a * L2tr + epsf^2 * H^2 / 4 * b * L2tr +

epsf^3 * H^3 / 4 * c3u * L2tr + epsf^4 * H^4 / 4 * c4u * L2tr, {epsf, 0, 6}]];

L2 FS
In[�]:= Lagr2FS =

normal
Normal[

serie
Series[ -1 / (2 * gw^2)

traza
Tr[WWhat[mu, nu].WWhat[mu, nu]] -

1 / (2 * g1^2)
traza
Tr[BBhat[mu, nu].BBhat[mu, nu]], {epsf, 0, 6}]] //

expande factores
Expand;

L4

L4 Scalar
In[�]:= O4 =

normal
Normal[

serie
Series[

traza
Tr[u[mu].u[nu]] *

traza
Tr[u[mu].u[nu]], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= O5 =
normal
Normal[

serie
Series[

traza
Tr[u[mu].u[mu]] *

traza
Tr[u[nu].u[nu]], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= O6 =
normal
Normal[

serie
Series[1 / vev^2 * del[epsf * H, mu] *

del[epsf * H, mu] *
traza
Tr[u[nu].u[nu]], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= O7 =
normal
Normal[

serie
Series[1 / vev^2 * del[epsf * H, mu] *

del[epsf * H, nu] *
traza
Tr[u[mu].u[nu]], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= O8 =
normal
Normal[

serie
Series[1 / vev^2 * del[epsf * H, mu] * del[epsf * H, mu] *

1 / vev^2 * del[epsf * H, nu]^2, {epsf, 0, 6}]] //
expande factores
Expand;

EWET FeynRules.nb 3
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In[�]:= OO3 =
normal
Normal[

serie
Series[

1 / vev * del[epsf * H, mu] *
traza
Tr[fplus[mu, nu].u[nu]], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= Lagr4FS =

normal
Normal[

serie
Series[F1n0 * O1 + F2n0 * O2 + F3n0 * O3 + F9n0 * O9 + F11n0 * O11 + FF1n0 * OO1 +

FF2n0 * OO2 + FF3n0 * OO3 + (F1n1 * O1 + F2n1 * O2 + F3n1 * O3 + F9n1 * O9 + F11n1 * O11 +

FF1n1 * OO1 + FF2n1 * OO2 + FF3n1 * OO3) * epsf * H / vev +

(F1n2 * O1 + F2n2 * O2 + F3n2 * O3 + F9n2 * O9 + F11n2 * O11 + FF1n2 * OO1 +

FF2n2 * OO2 + FF3n2 * OO3) * epsf^2 * H^2 / vev^2 +

(F1n3 * O1 + F2n3 * O2 + F3n3 * O3 + F9n3 * O9 + F11n3 * O11 + FF1n3 * OO1 +

FF2n3 * OO2 + FF3n3 * OO3) * epsf^3 * H^3 / vev^3 +

(F1n4 * O1 + F2n4 * O2 + F11n4 * O11 + FF2n4 * OO2) * epsf^4 *

H^4 / vev^4, {epsf, 0, 6}]];

Lagrangian

L4 Lagrangian with up to 6 particles vertices
In[�]:= SixPartVertsLagr =

normal
Normal[

serie
Series[Lagr2Scalar + Lagr2FS + Lagr4Scalar + Lagr4FS, {epsf, 0, 6}]] /.

{epsf � 1};

In[�]:= WriteFeynArtsOutput[SixPartVertsLagr,
Output � "SixPartVertsLagr", CouplingRename �

falso
False, MaxParticles � 6];

- - - FeynRules interface to FeynArts - - -

C. Degrande C. Duhr, 2013

Counterterms: B. Fuks, 2012

Calculating Feynman rules for L1

Starting Feynman rules calculation for L1.

Expanding the Lagrangian...

Expanding the indices over 6 cores

Neglecting all terms with more than 6 particles.

Collecting the different structures that enter the vertex.

384
possible non-zero vertices have been found -> starting the computation: / 384.

384 vertices obtained.

mytimecheck,after LGC

Writing FeynArts model file into directory SixPartVertsLagr

Writing FeynArts generic file on SixPartVertsLagr.gen.

EWET FeynRules.nb 5
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L4 Lagrangian with up to 4 particles vertices
In[�]:= FourPartVertsLagr =

normal
Normal[

serie
Series[Lagr2Scalar + Lagr2FS + Lagr4Scalar + Lagr4FS, {epsf, 0, 4}]] /.

{epsf � 1};

In[�]:= WriteFeynArtsOutput[FourPartVertsLagr,
Output � "FourPartVertsLagr", CouplingRename �

falso
False, MaxParticles � 4];

- - - FeynRules interface to FeynArts - - -

C. Degrande C. Duhr, 2013

Counterterms: B. Fuks, 2012

Calculating Feynman rules for L1

Starting Feynman rules calculation for L1.

Expanding the Lagrangian...

Expanding the indices over 6 cores

Collecting the different structures that enter the vertex.

84 possible non-zero vertices have been found -> starting the computation: / 84.

84 vertices obtained.

mytimecheck,after LGC

Writing FeynArts model file into directory FourPartVertsLagr

Writing FeynArts generic file on FourPartVertsLagr.gen.

L2 Lagrangian
In[�]:= LOLagr =

normal
Normal[

serie
Series[Lagr2Scalar + Lagr2FS, {epsf, 0, 6}]] /. {epsf � 1};

In[�]:= WriteFeynArtsOutput[LOLagr, Output � "LOLagr",
CouplingRename �

falso
False, MaxParticles � 6];

6 EWET FeynRules.nb
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- - - FeynRules interface to FeynArts - - -

C. Degrande C. Duhr, 2013

Counterterms: B. Fuks, 2012

Creating output directory: LOLagr

Calculating Feynman rules for L1

Starting Feynman rules calculation for L1.

Expanding the Lagrangian...

Expanding the indices over 6 cores

Collecting the different structures that enter the vertex.

169
possible non-zero vertices have been found -> starting the computation: / 169.

169 vertices obtained.

mytimecheck,after LGC

Writing FeynArts model file into directory LOLagr

Writing FeynArts generic file on LOLagr.gen.

Vertices

3 particles vertices
In[�]:= ThreePartVerts =

FeynmanRules[FourPartVertsLagr, MaxParticles � 3, MinParticles � 3]

Starting Feynman rule calculation.

Expanding the Lagrangian...

Expanding the indices over 6 cores

Neglecting all terms with less than 3 particles.

Collecting the different structures that enter the vertex.

23 possible non-zero vertices have been found -> starting the computation: / 23.

23 vertices obtained.

Out[�]= ��{{H, 1}, {H, 2}, {H, 3}}, -
3 � b3 MH2

vev
�,

�{{H, 1}, {pi0, 2}, {pi0, 3}}, -
2 � e2 F10n1 p2.p3

cw2 vev3
-
2 � a p2.p3

vev
�,

��{A, 1}, {piC, 2}, �piC†, 3��,

-� e p2
�1 + � e p3

�1 +
4 � e F3n0 p3

�1 p1.p2

vev2
-
4 � e F3n0 p2

�1 p1.p3

vev2
�,

��{pi0, 1}, {piC, 2}, �piC†, 3��,
2 e2 F10n0 p1.p2

cw2 vev3
-
2 e2 F10n0 p1.p3

cw2 vev3
�,

EWET FeynRules.nb 7
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In[�]:=
asigna opciones
SetOptions[

interfaz
$FrontEnd, "ClearEvaluationQueueOnKernelQuit" �

falso
False];

detén núcleo del sistema
Quit[];

EWETFEYNCALC
In[�]:= $LoadAddOns = {"FeynArts"};

recibe
Get["FeynCalc`"]

$FAVerbose = 0;

FeynCalc 9.3.1 (stable version). For help, use the
documentation center, check out the wiki or visit the forum.

To save your and our time, please check our

FAQ for answers to some common FeynCalc questions.

See also the supplied examples. If you use FeynCalc in your research, please cite

• V. Shtabovenko, R. Mertig and F. Orellana,
Comput.Phys.Commun. 256 (2020) 107478, arXiv:2001.04407.

• V. Shtabovenko, R. Mertig and F. Orellana,
Comput.Phys.Commun. 207 (2016) 432-444, arXiv:1601.01167.

• R. Mertig, M. Böhm, and A. Denner, Comput. Phys. Commun. 64 (1991) 345-359.

FeynArts 3.11 (25 Mar 2022) patched for use with FeynCalc, for documentation see the
manual or visit www.feynarts.de.

If you use FeynArts in your research, please cite

• T. Hahn, Comput. Phys. Commun., 140, 418-431, 2001, arXiv:hep-ph/0012260

In[�]:=
establece directorio
SetDirectory[

directorio de cuaderno
NotebookDirectory[]];

In[�]:= FAPatch[PatchModelsOnly �
verdadero
True,

FAModelsDirectory �
une nombre de arc�
FileNameJoin[{

directorio de cuaderno
NotebookDirectory[], "SixPartVertsLagr"}]];

Successfully patched FeynArts.

In[�]:=
asigna opciones
SetOptions[FourVector, FeynCalcInternal �

falso
False];

In[�]:= Model["EWET.fr"];

Vertices checks

H->PiPi Vertex
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PiPi->Pi0Pi0 Vertex
In[�]:= diags = InsertFields[CreateTopologies[0, 2 � 2,

ExcludeTopologies � {Tadpoles, WFCorrections(*,Internal, Reducible*)},

Adjacencies � {4}], {S[3], -S[3]} � {S[2], S[2]}, Model �
une nombre de archivo
FileNameJoin[

{
directorio de cuaderno
NotebookDirectory[], "SixPartVertsLagr/SixPartVertsLagr"}], GenericModel �

une nombre de arc�
FileNameJoin[{

directorio de cuaderno
NotebookDirectory[], "SixPartVertsLagr/SixPartVertsLagr"}],

InsertionLevel � {Classes} , ExcludeParticles � {V[3]}];

In[�]:= Paint[diags, ColumnsXRows � {1, 1}, Numbering �
ninguno
None,

SheetHeader �
ninguno
None];

�

�

�0

�0

In[�]:= M = ExpandScalarProduct[FCFAConvert[CreateFeynAmp[diags],

IncomingMomenta � {p1, p2}, OutgoingMomenta � {k1, k2},
lista
List �

falso
False,

ChangeDimension � 4, DropSumOver �
verdadero
True, SMP �

verdadero
True, Contract �

verdadero
True]]

Out[�]= -�
2 � �k1 · k2� �cw2 vev2 + 8 e2 F10n0�

3 cw2 vev4
+

� �k1 · p1� �cw2 vev2 + 4 e2 F10n0�

3 cw2 vev4
+

� �k1 · p2� �cw2 vev2 + 4 e2 F10n0�

3 cw2 vev4
+

� �k2 · p1� �cw2 vev2 + 4 e2 F10n0�

3 cw2 vev4
+

� �k2 · p2� �cw2 vev2 + 4 e2 F10n0�

3 cw2 vev4
+

16 � F4n0 �k1 · p2� �k2 · p1�

vev4
+
16 � F4n0 �k1 · p1� �k2 · p2�

vev4
+
32 � F5n0 �k1 · k2� �p1 · p2�

vev4
+
2 � �p1 · p2�

3 vev2

EWET FeynCalc.nb 5



CHECKS: VERTICES

FEYNCALC Ref. [11]

[11] R. DELGADO LÓPEZ, STUDY OF THE ELECTROWEAK SYMMETRY BREAKING SECTOR FOR THE LHC, 1ST ED., SPRINGER THESES
(SPRINGER CHAM, 2017). HTTPS://DOI.ORG/10.1007/978-3-319-60498-5 23



CHECKS: VERTICES

FEYNCALC Ref. [12]

[12] C. GARCIA-GARCIA, NEW PHYSICS SIGNALS OF THE ELECTROWEAK CHIRAL LAGRANGIAN IN VECTOR BOSON SCATTERING
AT THE LHC (2020). 2001.08965 [HEP-PH] 24

EChL

https://arxiv.org/abs/2001.08965
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Amplitudes Checks

PiPi->Pi0Pi0 Amplitude
In[�]:= diags = InsertFields[CreateTopologies[0, 2 � 2,

ExcludeTopologies � {Tadpoles, WFCorrections(*,Internal, Reducible*)},

Adjacencies � {3, 4}], {S[3], -S[3]} � {S[2], S[2]}, Model �

une nombre de arc�
FileNameJoin[{

directorio de cuaderno
NotebookDirectory[], "SixPartVertsLagr/SixPartVertsLagr"}],

GenericModel �
une nombre de arc�
FileNameJoin[{

directorio de cuaderno
NotebookDirectory[],

"SixPartVertsLagr/SixPartVertsLagr"}], InsertionLevel � {Classes} ];

In[�]:= Paint[diags, ColumnsXRows � {2, 3}, Numbering � Simple,

SheetHeader �
automático
Automatic];

�

�
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�0
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�

�0

�0
H

2

�

�
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�0
�

3

�

�
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�0W

4

�

�

�0

�0�

5

�

�

�0

�0W

6

� � � �0 �0

In[�]:= ClearScalarProducts

SetMandelstam[s, t, u, p1, p2, -k1, -k2, 0, 0, 0, 0]

Out[�]= � 0 s
2

- t
2

- u
2
0 - u

2
- t
2
0 s

2
0 0 s

2
- t
2

- u
2
0 - u

2
- t
2
0 s

2
0 0 s

2
- t
2

- u
2
0 - u

2
- t
2
0 s

2
0 0
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In[�]:= M = ExpandScalarProduct[
FCFAConvert[CreateFeynAmp[diags], IncomingMomenta � {p1, p2},

OutgoingMomenta � {k1, k2},
lista
List �

falso
False, ChangeDimension � 4,

DropSumOver �
verdadero
True, SMP �

verdadero
True, Contract �

verdadero
True] // FeynAmpDenominatorExplicit]

Out[�]= -
a �a cw2 vev2 + F10n1 e2� s2

cw2 vev4 �s -mH
2 �

-

2 F10n0 e2 F10n0 t e2

cw2 vev3
+
2 F10n0 �- s

2
-
u

2
� e2

cw2 vev3

cw2 vev3
-

2 F10n0 e2
2 F10n0 �- s

2
-
t

2
� e2

cw2 vev3
+ F10n0 u e2

cw2 vev3

cw2 vev3
- �

8 � F5n0 s2

vev4
+

� �cw2 vev2 + 8 F10n0 e2� s

3 cw2 vev4
+

� s

3 vev2
-

� t �cw2 vev2 + 4 F10n0 e2�

3 cw2 vev4
-

� u �cw2 vev2 + 4 F10n0 e2�

3 cw2 vev4
+
4 � F4n0 t2

vev4
+
4 � F4n0 u2

vev4
-

1

t -mW
2

1

2 cw2 sw vev2
� e �-vev2 cw2 + 2 F3n0 t cw2 + 2 FF1n0 t cw2 - 4 F10n0 e2�

-
� u e

4 sw
+

� s �cw2 vev2 + 4 F10n0 e2� e

4 cw2 sw vev2
+

� (F3n0 + FF1n0) s � s
2
+ u
2
� e

sw vev2
+

� (F3n0 + FF1n0) �- s
2
- u
2
� u e

sw vev2
+

� �-vev2 + 2 F3n0 t + 2 FF1n0 t� e -
� u �cw2 vev2+4 F10n0 e2� e

4 cw2 sw vev2
+ � s e
4 sw

-
� �F3n0+FF1n0� s �- s

2
-
u

2
� e

sw vev2
-

� �F3n0+FF1n0� � s
2
+
u

2
� u e

sw vev2

2 sw vev2
-

1

u -mW
2

1

2 cw2 sw vev2
� e �-vev2 cw2 + 2 F3n0 u cw2 + 2 FF1n0 u cw2 - 4 F10n0 e2�

-
� t e

4 sw
+

� s �cw2 vev2 + 4 F10n0 e2� e

4 cw2 sw vev2
+

� (F3n0 + FF1n0) s � s
2
+ t
2
� e

sw vev2
+

� (F3n0 + FF1n0) �- s
2
- t
2
� t e

sw vev2
+

� �-vev2 + 2 F3n0 u + 2 FF1n0 u� e -
� t �cw2 vev2+4 F10n0 e2� e

4 cw2 sw vev2
+ � s e
4 sw

-
� �F3n0+FF1n0� s �- s

2
-
t

2
� e

sw vev2
-

� �F3n0+FF1n0� � s
2
+
t

2
� t e

sw vev2

2 sw vev2
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In[�]:= simp =
simpli�ca
Simplify[M]

Out[�]=
1

24 cw4 vev6
-
24 a cw2 s2 vev2 �a cw2 vev2 + e2 F10n1�

s -mH
2

+

8 cw2 vev2 �cw2 �12 F4n0 �t2 + u2� + 24 F5n0 s2 + vev2 (2 s - t - u)� + 4 e2 F10n0 (2 s - t - u)� -
1

sw2 �t -mW
2 �

6 e2 vev2 �-�cw4 (s - u) �2 F3n0 t + 2 FF1n0 t - vev2�× �2 F3n0 (s + u) + 2 FF1n0 (s + u) + vev2�� +

4 cw2 e2 F10n0 (s - u) �F3n0 (s - t + u) + FF1n0 (s - t + u) + vev2� + 8 e4 F10n02 s� -
1

sw2 �u -mW
2 �

6 e2 vev2 �-�cw4 (s - t) �2 F3n0 u + 2 FF1n0 u - vev2�× �2 F3n0 (s + t) + 2 FF1n0 (s + t) + vev2�� +
4 cw2 e2 F10n0 (s - t) �F3n0 (s + t - u) + FF1n0 (s + t - u) + vev2� + 8 e4 F10n02 s� +

48 e4 F10n02 (s + t - u) + 48 e4 F10n02 (s - t + u)

PiPi->HH Amplitude
In[�]:= diags = InsertFields[CreateTopologies[0, 2 � 2,

ExcludeTopologies � {Tadpoles, WFCorrections(*,Internal, Reducible*)},

Adjacencies � {3, 4}], {S[3], -S[3]} � {S[1], S[1]}, Model �

une nombre de arc�
FileNameJoin[{

directorio de cuaderno
NotebookDirectory[], "SixPartVertsLagr/SixPartVertsLagr"}],

GenericModel �
une nombre de arc�
FileNameJoin[{

directorio de cuaderno
NotebookDirectory[],

"SixPartVertsLagr/SixPartVertsLagr"}], InsertionLevel � {Classes} ];

In[�]:= Paint[diags, ColumnsXRows � {2, 3}, Numbering � Simple,

SheetHeader �
automático
Automatic];
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CHECKS: AMPLITUDES

FEYNCALC Ref. [11]

[11] R. DELGADO LÓPEZ, STUDY OF THE ELECTROWEAK SYMMETRY BREAKING SECTOR FOR THE LHC, 1ST ED., SPRINGER THESES
(SPRINGER CHAM, 2017). 27
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A FIRST EXAMPLE

28
*Related with 𝐻 → 𝛾 𝑍! (Equivalence theorem)

*



29

In[�]:= ClearScalarProducts
SetMandelstam[s, t, u, p1, p2, -k1, -k2,
SMP["m_H"], SMP["m_H"], SMP["m_H"], SMP["m_H"]]

Out[�]= � mH
2 s

2
-mH

2 mH
2 - t

2
mH
2 - u

2
mH
2 mH

2 - u
2
mH
2 - t

2
mH
2 s

2
-mH

2 mH
2 mH

2 s
2
-mH

2 mH
2 - t

2
mH
2 - u

2
mH
2 mH

2 -

In[�]:= M = ExpandScalarProduct[
FCFAConvert[CreateFeynAmp[diags], IncomingMomenta � {p1, p2},

OutgoingMomenta � {k1, k2},
lista
List �

falso
False, ChangeDimension � 4,

DropSumOver �
verdadero
True, SMP �

verdadero
True, Contract �

verdadero
True] // FeynAmpDenominatorExplicit]

Out[�]= -
9 b32 mH

4

vev2 �s -mH
2 �

-
9 b32 mH

4

vev2 �t -mH
2 �

-
9 b32 mH

4

vev2 �u -mH
2 �

-

� -
12 � b4mH

2

vev2
+
8 � F8n0 � s

2
-mH

2 �2

vev4
+
8 � F8n0 �mH

2 - t
2
�
2

vev4
+
8 � F8n0 �mH

2 - u
2
�2

vev4

H->APi0 y AZ New Amplitude

Tree level
In[�]:= diags = InsertFields[CreateTopologies[0, 1 � 2, Adjacencies � {3, 4, 5, 6}(*,

ExcludeTopologies�{Tadpoles, WFCorrections,Internal, Reducible}*)],
{S[1]} � {V[1], S[2]}, Model �

une nombre de archivo
FileNameJoin[

{
directorio de cuaderno
NotebookDirectory[], "SixPartVertsLagr/SixPartVertsLagr"}], GenericModel �

une nombre de arc�
FileNameJoin[{

directorio de cuaderno
NotebookDirectory[], "SixPartVertsLagr/SixPartVertsLagr"}],

InsertionLevel � {Classes} ];

14 EWET FeynCalc.nb

In[�]:= Paint[diags, ColumnsXRows � {1, 1}, Numbering � Simple,
SheetHeader �

ninguno
None]

H

�

�0

0
Out[�]= FeynArtsGraphics()(( [1] ))

In[�]:= M = ExpandScalarProduct[
FCFAConvert[CreateFeynAmp[diags], IncomingMomenta � {p1, p2},

OutgoingMomenta � {k1, k2},
lista
List �

falso
False, ChangeDimension � 4,

DropSumOver �
verdadero
True, SMP �

verdadero
True, Contract �

verdadero
True] //

FeynAmpDenominatorExplicit] /. {F6n0 � 0, F7n0 � 0, F10n3 � 0}

Out[�]= -�
2 e FF3n0 �mH

2 - t
2
� �k2 · �*(k1)�

vev2
-
2 e FF3n0 � s

2
-mH

2 � �p1 · �*(k1)�

vev2

One loop
In[�]:= diags = InsertFields[CreateTopologies[1, 1 � 2, Adjacencies � {3, 4, 5, 6}(*,

ExcludeTopologies�{Tadpoles, WFCorrections,Internal, Reducible}*)],
{S[1]} � {V[1], S[2]}, Model �

une nombre de archivo
FileNameJoin[

{
directorio de cuaderno
NotebookDirectory[], "SixPartVertsLagr/SixPartVertsLagr"}], GenericModel �

une nombre de arc�
FileNameJoin[{

directorio de cuaderno
NotebookDirectory[], "SixPartVertsLagr/SixPartVertsLagr"}],

InsertionLevel � {Classes} ];

In[�]:= Paint[diags, ColumnsXRows � {4, 4}, Numbering � Simple,
SheetHeader �

ninguno
None]

EWET FeynCalc.nb 15
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p1
k1
k2

𝑠 = 𝑘1+ 𝑘2 2

𝑡 = (𝑝" − 𝑘1)2



31

In[�]:= Paint[diags, ColumnsXRows � {1, 1}, Numbering � Simple,
SheetHeader �

ninguno
None]

H

�

�0

0
Out[�]= FeynArtsGraphics()(( [1] ))

In[�]:= M = ExpandScalarProduct[
FCFAConvert[CreateFeynAmp[diags], IncomingMomenta � {p1, p2},

OutgoingMomenta � {k1, k2},
lista
List �

falso
False, ChangeDimension � 4,

DropSumOver �
verdadero
True, SMP �

verdadero
True, Contract �

verdadero
True] //

FeynAmpDenominatorExplicit] /. {F6n0 � 0, F7n0 � 0, F10n3 � 0}

Out[�]= -�
2 e FF3n0 �mH

2 - t
2
� �k2 · �*(k1)�

vev2
-
2 e FF3n0 � s

2
-mH

2 � �p1 · �*(k1)�

vev2

One loop
In[�]:= diags = InsertFields[CreateTopologies[1, 1 � 2, Adjacencies � {3, 4, 5, 6}(*,

ExcludeTopologies�{Tadpoles, WFCorrections,Internal, Reducible}*)],
{S[1]} � {V[1], S[2]}, Model �

une nombre de archivo
FileNameJoin[

{
directorio de cuaderno
NotebookDirectory[], "SixPartVertsLagr/SixPartVertsLagr"}], GenericModel �

une nombre de arc�
FileNameJoin[{

directorio de cuaderno
NotebookDirectory[], "SixPartVertsLagr/SixPartVertsLagr"}],

InsertionLevel � {Classes} ];

In[�]:= Paint[diags, ColumnsXRows � {4, 4}, Numbering � Simple,
SheetHeader �

ninguno
None]

EWET FeynCalc.nb 15
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CONCLUSIONS

36

q Simple code for studying the EWET (HEFT) theory.

q Four external legs vertices generated for direct study of the theory up to one loop precision.

q Fast and versatile (UFO for MG5, CalcHep, …).

q Next steps: fermions, color, resonances, ChPT… 



THE END
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BACKUP. FeynRules.nb Extra code
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In[�]:=
asigna opciones
SetOptions[

interfaz
$FrontEnd, "ClearEvaluationQueueOnKernelQuit" �

falso
False];

detén núcleo del sistema
Quit[];

EWETFeynRules
In[�]:= $FeynRulesPath =

establece directorio
SetDirectory["/Applications/Mathematica.app/Contents/AddOns/feynrules"];

In[�]:= << FeynRules`;

- FeynRules -

Version: 2.3.49 ( 29 September 2021).

Authors: A. Alloul, N. Christensen, C. Degrande, C. Duhr, B. Fuks

Please cite:

- Comput.Phys.Commun.185:2250-2300,2014 (arXiv:1310.1921);

- Comput.Phys.Commun.180:1614-1641,2009 (arXiv:0806.4194).

http://feynrules.phys.ucl.ac.be

The FeynRules palette can be opened using the command FRPalette[].

In[�]:=
establece directorio
SetDirectory[

directorio de cuaderno
NotebookDirectory[]];

LoadModel["EWET.fr"];
Durante la evaluación de In[3]:=

This model implementation was created by

Durante la evaluación de In[3]:=

Javier Martínez

Durante la evaluación de In[3]:=

Juan José Sanz Cillero

Durante la evaluación de In[3]:=

Model Version: 1

Durante la evaluación de In[3]:=

For more information, type ModelInformation[].

Durante la evaluación de In[3]:=

Durante la evaluación de In[3]:=

- Loading particle classes.

Durante la evaluación de In[3]:=

- Loading gauge group classes.

Durante la evaluación de In[3]:=

- Loading parameter classes.

Durante la evaluación de In[3]:=

Model EWET loaded.
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Fields and Operators
In[�]:= M = epsf * {{ pi0,

raíz cuadrada
Sqrt[2] piC } , {

raíz cuadrada
Sqrt[2] piCbar, -pi0}};

UU =
exponencial�
MatrixExp[

número i
I M / vev] //

simpli�ca
Simplify;

uu =
potencia matricial
MatrixPower[UU, 1 / 2] //

simpli�ca
Simplify;

In[�]:= UTayl =
serie
Series[UU, {vev,

in�nito
Infinity, 5}] //

normal
Normal ;

In[�]:= UdagTayl =
simpli�ca comple�
FullSimplify[

transpuesto conjugado
ConjugateTranspose[UTayl]] /. {

conjugado
Conjugate[pi0] � pi0,

conjugado
Conjugate[piC] � piCbar,

conjugado
Conjugate[piCbar] � piC} //

expande factores
Expand;

In[�]:= uTayl =
serie
Series[uu, {vev,

in�nito
Infinity, 5}] //

normal
Normal;

In[�]:= udagTayl =
simpli�ca comple�
FullSimplify[

transpuesto conjugado
ConjugateTranspose[uTayl]] /. {

conjugado
Conjugate[pi0] � pi0,

conjugado
Conjugate[piC] � piCbar,

conjugado
Conjugate[piCbar] � piC} //

expande factores
Expand;

In[�]:= What[mu_] = -epsf * gw / 2 *
s�
Sum[

matriz Pauli
PauliMatrix[i] * Wi[mu, i], {i, 1, 3}];

In[�]:= Bhat[mu_] = -epsf * g1 / 2 *
matriz Pauli
PauliMatrix[3] * B[mu];

In[�]:= DU[mu_] := del[UTayl, mu] -
número i
I * What[mu].UTayl +

número i
I * UTayl.Bhat[mu];

In[�]:= DUdag[mu_] := del[UdagTayl, mu] +
número i
I * UdagTayl.What[mu] -

número i
I * Bhat[mu].UdagTayl;

In[�]:= u[mu_] :=
normal
Normal[

serie
Series[ -

número i
I * udagTayl.DU[mu].udagTayl, {epsf, 0, 5}]]

In[�]:= BBhat[mu_, nu_] =

del[Bhat[nu], mu] - del[Bhat[mu], nu] -
número i
I (Bhat[mu].Bhat[nu] - Bhat[nu].Bhat[mu]);

In[�]:= WWhat[mu_, nu_] = FS[What, mu, nu] -
número i
I * (What[mu].What[nu] - What[nu].What[mu]);

In[�]:= fplus[mu_, nu_] =
normal
Normal[

serie
Series[

udagTayl.WWhat[mu, nu].uTayl + uTayl.BBhat[mu, nu].udagTayl, {epsf, 0, 6}]] ;

In[�]:= fminus[mu_, nu_] =
normal
Normal[

serie
Series[

udagTayl.WWhat[mu, nu].uTayl - uTayl.BBhat[mu, nu].udagTayl, {epsf, 0, 6}]];
TT = -g1 / 2 * uTayl.

matriz Pauli
PauliMatrix[3].udagTayl;

In[�]:= X[mu_] = -g1 * epsf * B[mu];

2 EWET FeynRules.nb
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In[�]:= XX[mu_, nu_] = FS[X, mu, nu];

L2

L2 Scalar
In[�]:= L2tr =

traza
Tr[u[mu].u[mu]] //

expande factores
Expand;

In[�]:= Lagr2Scalar =
normal
Normal[

serie
Series[ 1 / 2 * del[epsf * H, mu] * del[epsf * H, mu] - 1 / 2 * MH^2 * epsf^2 * H^2 -

1 / 2 * MH^2 * vev^2 * (b3 * epsf^3 * H^3 / vev^3 + b4 * epsf^4 * H^4 / vev^4 +

b5 * epsf^5 * H^5 / vev^5 + b6 * epsf^6 * H^6 / vev^6) +

vev^2 / 4 * L2tr + vev * epsf * H / 2 * a * L2tr + epsf^2 * H^2 / 4 * b * L2tr +

epsf^3 * H^3 / 4 * c3u * L2tr + epsf^4 * H^4 / 4 * c4u * L2tr, {epsf, 0, 6}]];

L2 FS
In[�]:= Lagr2FS =

normal
Normal[

serie
Series[ -1 / (2 * gw^2)

traza
Tr[WWhat[mu, nu].WWhat[mu, nu]] -

1 / (2 * g1^2)
traza
Tr[BBhat[mu, nu].BBhat[mu, nu]], {epsf, 0, 6}]] //

expande factores
Expand;

L4

L4 Scalar
In[�]:= O4 =

normal
Normal[

serie
Series[

traza
Tr[u[mu].u[nu]] *

traza
Tr[u[mu].u[nu]], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= O5 =
normal
Normal[

serie
Series[

traza
Tr[u[mu].u[mu]] *

traza
Tr[u[nu].u[nu]], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= O6 =
normal
Normal[

serie
Series[1 / vev^2 * del[epsf * H, mu] *

del[epsf * H, mu] *
traza
Tr[u[nu].u[nu]], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= O7 =
normal
Normal[

serie
Series[1 / vev^2 * del[epsf * H, mu] *

del[epsf * H, nu] *
traza
Tr[u[mu].u[nu]], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= O8 =
normal
Normal[

serie
Series[1 / vev^2 * del[epsf * H, mu] * del[epsf * H, mu] *

1 / vev^2 * del[epsf * H, nu]^2, {epsf, 0, 6}]] //
expande factores
Expand;

EWET FeynRules.nb 3
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In[�]:= O10 =
normal
Normal[

serie
Series[

traza
Tr[TT.u[mu]] *

traza
Tr[TT.u[mu]], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= Lagr4Scalar =

normal
Normal[

serie
Series[F4n0 * O4 + F5n0 * O5 + F6n0 * O6 + F7n0 * O7 + F8n0 * O8 + F10n0 * O10 +

(F4n1 * O4 + F5n1 * O5 + F6n1 * O6 + F7n1 * O7 + F8n1 * O8 + F10n1 * O10) * epsf * H / vev +

(F4n2 * O4 + F5n2 * O5 + F6n2 * O6 + F7n2 * O7 + F8n2 * O8 + F10n2 * O10) *

epsf^2 * H^2 / vev^2 + F10n3 * O10 * epsf^3 * H^3 / vev^3 +

F10n4 * O10 * epsf^4 * H^4 / vev^4, {epsf, 0, 6}]];

L4 FS

P-even

In[�]:= O1 =
normal
Normal[

serie
Series[1 / 4 *

traza
Tr[fplus[mu, nu].fplus[mu, nu] - fminus[mu, nu].fminus[mu, nu]],

{epsf, 0, 6}]] //
expande factores
Expand;

In[�]:= O2 =
normal
Normal[

serie
Series[1 / 2 *

traza
Tr[fplus[mu, nu].fplus[mu, nu] + fminus[mu, nu].fminus[mu, nu]],

{epsf, 0, 6}]] //
expande factores
Expand;

In[�]:= O3 =
normal
Normal[

serie
Series[

núme�
I / 2 *

traza
Tr[fplus[mu, nu].(u[mu].u[nu] - u[nu].u[mu])], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= O9 =
normal
Normal[

serie
Series[

1 / vev * del[epsf * H, mu] *
traza
Tr[fminus[mu, nu].u[nu]], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= O11 =
normal
Normal[

serie
Series[XX[mu, nu] * XX[mu, nu], {epsf, 0, 6}]] //

expande factores
Expand;

P-odd

In[�]:= OO1 =
normal
Normal[

serie
Series[

núme�
I / 2 *

traza
Tr[fminus[mu, nu].(u[mu].u[nu] - u[nu].u[mu])],

{epsf, 0, 6}]] //
expande factores
Expand;

In[�]:= OO2 =
normal
Normal[

serie
Series[

traza
Tr[fplus[mu, nu].fminus[mu, nu]], {epsf, 0, 6}]] //

expande factores
Expand;

4 EWET FeynRules.nb
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In[�]:= OO3 =
normal
Normal[

serie
Series[

1 / vev * del[epsf * H, mu] *
traza
Tr[fplus[mu, nu].u[nu]], {epsf, 0, 6}]] //

expande factores
Expand;

In[�]:= Lagr4FS =

normal
Normal[

serie
Series[F1n0 * O1 + F2n0 * O2 + F3n0 * O3 + F9n0 * O9 + F11n0 * O11 + FF1n0 * OO1 +

FF2n0 * OO2 + FF3n0 * OO3 + (F1n1 * O1 + F2n1 * O2 + F3n1 * O3 + F9n1 * O9 + F11n1 * O11 +

FF1n1 * OO1 + FF2n1 * OO2 + FF3n1 * OO3) * epsf * H / vev +

(F1n2 * O1 + F2n2 * O2 + F3n2 * O3 + F9n2 * O9 + F11n2 * O11 + FF1n2 * OO1 +

FF2n2 * OO2 + FF3n2 * OO3) * epsf^2 * H^2 / vev^2 +

(F1n3 * O1 + F2n3 * O2 + F3n3 * O3 + F9n3 * O9 + F11n3 * O11 + FF1n3 * OO1 +

FF2n3 * OO2 + FF3n3 * OO3) * epsf^3 * H^3 / vev^3 +

(F1n4 * O1 + F2n4 * O2 + F11n4 * O11 + FF2n4 * OO2) * epsf^4 *

H^4 / vev^4, {epsf, 0, 6}]];

Lagrangian

L4 Lagrangian with up to 6 particles vertices
In[�]:= SixPartVertsLagr =

normal
Normal[

serie
Series[Lagr2Scalar + Lagr2FS + Lagr4Scalar + Lagr4FS, {epsf, 0, 6}]] /.

{epsf � 1};

In[�]:= WriteFeynArtsOutput[SixPartVertsLagr,
Output � "SixPartVertsLagr", CouplingRename �

falso
False, MaxParticles � 6];

- - - FeynRules interface to FeynArts - - -

C. Degrande C. Duhr, 2013

Counterterms: B. Fuks, 2012

Calculating Feynman rules for L1

Starting Feynman rules calculation for L1.

Expanding the Lagrangian...

Expanding the indices over 6 cores

Neglecting all terms with more than 6 particles.

Collecting the different structures that enter the vertex.

384
possible non-zero vertices have been found -> starting the computation: / 384.

384 vertices obtained.

mytimecheck,after LGC

Writing FeynArts model file into directory SixPartVertsLagr

Writing FeynArts generic file on SixPartVertsLagr.gen.

EWET FeynRules.nb 5
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L4 Lagrangian with up to 4 particles vertices
In[�]:= FourPartVertsLagr =

normal
Normal[

serie
Series[Lagr2Scalar + Lagr2FS + Lagr4Scalar + Lagr4FS, {epsf, 0, 4}]] /.

{epsf � 1};

In[�]:= WriteFeynArtsOutput[FourPartVertsLagr,
Output � "FourPartVertsLagr", CouplingRename �

falso
False, MaxParticles � 4];

- - - FeynRules interface to FeynArts - - -

C. Degrande C. Duhr, 2013

Counterterms: B. Fuks, 2012

Calculating Feynman rules for L1

Starting Feynman rules calculation for L1.

Expanding the Lagrangian...

Expanding the indices over 6 cores

Collecting the different structures that enter the vertex.

84 possible non-zero vertices have been found -> starting the computation: / 84.

84 vertices obtained.

mytimecheck,after LGC

Writing FeynArts model file into directory FourPartVertsLagr

Writing FeynArts generic file on FourPartVertsLagr.gen.

L2 Lagrangian
In[�]:= LOLagr =

normal
Normal[

serie
Series[Lagr2Scalar + Lagr2FS, {epsf, 0, 6}]] /. {epsf � 1};

In[�]:= WriteFeynArtsOutput[LOLagr, Output � "LOLagr",
CouplingRename �

falso
False, MaxParticles � 6];

6 EWET FeynRules.nb
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- - - FeynRules interface to FeynArts - - -

C. Degrande C. Duhr, 2013

Counterterms: B. Fuks, 2012

Creating output directory: LOLagr

Calculating Feynman rules for L1

Starting Feynman rules calculation for L1.

Expanding the Lagrangian...

Expanding the indices over 6 cores

Collecting the different structures that enter the vertex.

169
possible non-zero vertices have been found -> starting the computation: / 169.

169 vertices obtained.

mytimecheck,after LGC

Writing FeynArts model file into directory LOLagr

Writing FeynArts generic file on LOLagr.gen.

Vertices

3 particles vertices
In[�]:= ThreePartVerts =

FeynmanRules[FourPartVertsLagr, MaxParticles � 3, MinParticles � 3]

Starting Feynman rule calculation.

Expanding the Lagrangian...

Expanding the indices over 6 cores

Neglecting all terms with less than 3 particles.

Collecting the different structures that enter the vertex.

23 possible non-zero vertices have been found -> starting the computation: / 23.

23 vertices obtained.

Out[�]= ��{{H, 1}, {H, 2}, {H, 3}}, -
3 � b3 MH2

vev
�,

�{{H, 1}, {pi0, 2}, {pi0, 3}}, -
2 � e2 F10n1 p2.p3

cw2 vev3
-
2 � a p2.p3

vev
�,

��{A, 1}, {piC, 2}, �piC†, 3��,

-� e p2
�1 + � e p3

�1 +
4 � e F3n0 p3

�1 p1.p2

vev2
-
4 � e F3n0 p2

�1 p1.p3

vev2
�,

��{pi0, 1}, {piC, 2}, �piC†, 3��,
2 e2 F10n0 p1.p2

cw2 vev3
-
2 e2 F10n0 p1.p3

cw2 vev3
�,
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� e3 F1n0 p3
�2 ��1,�3

cw sw
-
� e3 F3n0 p3

�2 ��1,�3

2 cw sw
+
� e3 FF1n0 p3

�2 ��1,�3

2 cw sw
-
2 � cw e3 F2n0 p2

�1 ��2,�3

sw3
+

� cw e3 F3n0 p2
�1 ��2,�3

2 sw3
+
� cw e3 FF1n0 p2

�1 ��2,�3

2 sw3
-
2 � cw e3 FF2n0 p2

�1 ��2,�3

sw3
+

� cw e p2
�1 ��2,�3

sw
+
� e3 F3n0 p2

�1 ��2,�3

2 cw sw
+
� e3 FF1n0 p2

�1 ��2,�3

2 cw sw
+
2 � cw e3 F2n0 p3

�1 ��2,�3

sw3
-

� cw e3 F3n0 p3
�1 ��2,�3

2 sw3
-
� cw e3 FF1n0 p3

�1 ��2,�3

2 sw3
+
2 � cw e3 FF2n0 p3

�1 ��2,�3

sw3
-

� cw e p3
�1 ��2,�3

sw
-
� e3 F1n0 p3

�1 ��2,�3

cw sw
+
� e3 F3n0 p3

�1 ��2,�3

2 cw sw
-
� e3 FF1n0 p3

�1 ��2,�3

2 cw sw
��

4 particles vertices
In[�]:= ThreePartVerts =

FeynmanRules[FourPartVertsLagr, MaxParticles � 4, MinParticles � 4]

Starting Feynman rule calculation.

Expanding the Lagrangian...

Expanding the indices over 6 cores

Collecting the different structures that enter the vertex.

61 possible non-zero vertices have been found -> starting the computation: / 61.

61 vertices obtained.

Out[�]= ��{{H, 1}, {H, 2}, {H, 3}, {H, 4}},

-
12 � b4 MH2

vev2
+
8 � F8n0 p1.p4 p2.p3

vev4
+
8 � F8n0 p1.p3 p2.p4

vev4
+
8 � F8n0 p1.p2 p3.p4

vev4
�,

��{A, 1}, {A, 2}, {piC, 3}, �piC†, 4��,

-
8 � e2 F1n0 p1

�2 p2
�1

vev2
-
4 � e2 F3n0 p1

�2 p3
�1

vev2
-
4 � e2 F3n0 p2

�1 p3
�2

vev2
-
4 � e2 F3n0 p1

�2 p4
�1

vev2
-

4 � e2 F3n0 p2
�1 p4

�2

vev2
+ 2 � e2 ��1,�2 +

8 � e2 F1n0 ��1,�2 p1.p2

vev2
+
4 � e2 F3n0 ��1,�2 p1.p3

vev2
+

4 � e2 F3n0 ��1,�2 p1.p4

vev2
+
4 � e2 F3n0 ��1,�2 p2.p3

vev2
+
4 � e2 F3n0 ��1,�2 p2.p4

vev2
�,

��{A, 1}, {pi0, 2}, {piC, 3}, �piC†, 4��, -
4 e3 F10n0 p2

�1

cw2 vev3
+
4 e FF1n0 p3

�1 p1.p2

vev3
+

4 e FF1n0 p4
�1 p1.p2

vev3
-
4 e FF1n0 p2

�1 p1.p3

vev3
-
4 e FF1n0 p2

�1 p1.p4

vev3
�,

�{{H, 1}, {H, 2}, {pi0, 3}, {pi0, 4}},
4 � F7n0 p1.p4 p2.p3

vev4
+
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2 � cw4 e4 F4n0 ��1,�2 ��3,�4

sw4
+
2 � cw4 e4 F5n0 ��1,�2 ��3,�4

sw4
+
8 � cw2 e4 F4n0 ��1,�2 ��3,�4

sw2
+

8 � cw2 e4 F5n0 ��1,�2 ��3,�4

sw2
+
8 � e4 F4n0 sw2 ��1,�2 ��3,�4

cw2
+
8 � e4 F5n0 sw2 ��1,�2 ��3,�4

cw2
+

2 � e4 F4n0 sw4 ��1,�2 ��3,�4

cw4
+
2 � e4 F5n0 sw4 ��1,�2 ��3,�4

cw4
��

5 particles vertices
In[�]:= ThreePartVerts =

FeynmanRules[SixPartVertsLagr, MaxParticles � 5, MinParticles � 5]

Starting Feynman rule calculation.

Expanding the Lagrangian...

Expanding the indices over 6 cores

Collecting the different structures that enter the vertex.

110
possible non-zero vertices have been found -> starting the computation: / 110.

110 vertices obtained.

Out[�]= ��{{H, 1}, {H, 2}, {H, 3}, {H, 4}, {H, 5}},

-
60 � b5 MH2

vev3
+
8 � F8n1 p1.p4 p2.p3

vev5
+
8 � F8n1 p1.p5 p2.p3

vev5
+
8 � F8n1 p1.p3 p2.p4

vev5
+

8 � F8n1 p1.p5 p2.p4

vev5
+
8 � F8n1 p1.p3 p2.p5

vev5
+
8 � F8n1 p1.p4 p2.p5

vev5
+

8 � F8n1 p1.p2 p3.p4

vev5
+
8 � F8n1 p1.p5 p3.p4

vev5
+
8 � F8n1 p2.p5 p3.p4

vev5
+

8 � F8n1 p1.p2 p3.p5

vev5
+
8 � F8n1 p1.p4 p3.p5

vev5
+
8 � F8n1 p2.p4 p3.p5

vev5
+

8 � F8n1 p1.p2 p4.p5

vev5
+
8 � F8n1 p1.p3 p4.p5

vev5
+
8 � F8n1 p2.p3 p4.p5

vev5
�,

��{A, 1}, {A, 2}, {H, 3}, {piC, 4}, �piC†, 5��, -
8 � e2 F1n1 p1

�2 p2
�1

vev3
-

4 � e2 F9n0 p1
�2 p3

�1

vev3
-
4 � e2 F9n0 p2

�1 p3
�2

vev3
-
4 � e2 F3n1 p1

�2 p4
�1

vev3
-
4 � e2 F3n1 p2

�1 p4
�2

vev3
-

4 � e2 F3n1 p1
�2 p5

�1

vev3
-
4 � e2 F3n1 p2

�1 p5
�2

vev3
+
4 � a e2 ��1,�2

vev
+
8 � e2 F1n1 ��1,�2 p1.p2

vev3
+

4 � e2 F9n0 ��1,�2 p1.p3

vev3
+
4 � e2 F3n1 ��1,�2 p1.p4

vev3
+
4 � e2 F3n1 ��1,�2 p1.p5

vev3
+

4 � e2 F9n0 ��1,�2 p2.p3

vev3
+
4 � e2 F3n1 ��1,�2 p2.p4

vev3
+
4 � e2 F3n1 ��1,�2 p2.p5

vev3
�,

��{A, 1}, {H, 2}, {pi0, 3}, {piC, 4}, �piC†, 5��,
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4 cw e4 F5n0 ��2,�4 ��3,�5

sw2 vev
+
4 e4 F4n0 sw2 ��2,�4 ��3,�5

cw3 vev
+
4 e4 F5n0 sw2 ��2,�4 ��3,�5

cw3 vev
+

8 e4 F4n0 ��2,�3 ��4,�5

cw vev
+
8 e4 F5n0 ��2,�3 ��4,�5

cw vev
+
4 cw e4 F4n0 ��2,�3 ��4,�5

sw2 vev
+

4 cw e4 F5n0 ��2,�3 ��4,�5

sw2 vev
+
4 e4 F4n0 sw2 ��2,�3 ��4,�5

cw3 vev
+
4 e4 F5n0 sw2 ��2,�3 ��4,�5

cw3 vev
�,

�{{H, 1}, {Z, 2}, {Z, 3}, {Z, 4}, {Z, 5}},

12 � e4 F4n1 ��2,�5 ��3,�4

vev
+
12 � e4 F5n1 ��2,�5 ��3,�4

vev
+
2 � cw4 e4 F4n1 ��2,�5 ��3,�4

sw4 vev
+

2 � cw4 e4 F5n1 ��2,�5 ��3,�4

sw4 vev
+
8 � cw2 e4 F4n1 ��2,�5 ��3,�4

sw2 vev
+
8 � cw2 e4 F5n1 ��2,�5 ��3,�4

sw2 vev
+

8 � e4 F4n1 sw2 ��2,�5 ��3,�4

cw2 vev
+
8 � e4 F5n1 sw2 ��2,�5 ��3,�4

cw2 vev
+
2 � e4 F4n1 sw4 ��2,�5 ��3,�4

cw4 vev
+

2 � e4 F5n1 sw4 ��2,�5 ��3,�4

cw4 vev
+
12 � e4 F4n1 ��2,�4 ��3,�5

vev
+
12 � e4 F5n1 ��2,�4 ��3,�5

vev
+

2 � cw4 e4 F4n1 ��2,�4 ��3,�5

sw4 vev
+
2 � cw4 e4 F5n1 ��2,�4 ��3,�5

sw4 vev
+
8 � cw2 e4 F4n1 ��2,�4 ��3,�5

sw2 vev
+

8 � cw2 e4 F5n1 ��2,�4 ��3,�5

sw2 vev
+
8 � e4 F4n1 sw2 ��2,�4 ��3,�5

cw2 vev
+
8 � e4 F5n1 sw2 ��2,�4 ��3,�5

cw2 vev
+

2 � e4 F4n1 sw4 ��2,�4 ��3,�5

cw4 vev
+
2 � e4 F5n1 sw4 ��2,�4 ��3,�5

cw4 vev
+
12 � e4 F4n1 ��2,�3 ��4,�5

vev
+

12 � e4 F5n1 ��2,�3 ��4,�5

vev
+
2 � cw4 e4 F4n1 ��2,�3 ��4,�5

sw4 vev
+
2 � cw4 e4 F5n1 ��2,�3 ��4,�5

sw4 vev
+

8 � cw2 e4 F4n1 ��2,�3 ��4,�5

sw2 vev
+
8 � cw2 e4 F5n1 ��2,�3 ��4,�5

sw2 vev
+
8 � e4 F4n1 sw2 ��2,�3 ��4,�5

cw2 vev
+

8 � e4 F5n1 sw2 ��2,�3 ��4,�5

cw2 vev
+
2 � e4 F4n1 sw4 ��2,�3 ��4,�5

cw4 vev
+
2 � e4 F5n1 sw4 ��2,�3 ��4,�5

cw4 vev
��

6 particles vertices
In[�]:= ThreePartVerts =

FeynmanRules[SixPartVertsLagr, MaxParticles � 6, MinParticles � 6]
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Starting Feynman rule calculation.

Expanding the Lagrangian...

Expanding the indices over 6 cores

Collecting the different structures that enter the vertex.

190
possible non-zero vertices have been found -> starting the computation: / 190.

190 vertices obtained.

Out[�]= ��{{H, 1}, {H, 2}, {H, 3}, {H, 4}, {H, 5}, {H, 6}},

-
360 � b6 MH2

vev4
+
16 � F8n2 p1.p4 p2.p3

vev6
+
16 � F8n2 p1.p5 p2.p3

vev6
+
16 � F8n2 p1.p6 p2.p3

vev6
+

16 � F8n2 p1.p3 p2.p4

vev6
+
16 � F8n2 p1.p5 p2.p4

vev6
+
16 � F8n2 p1.p6 p2.p4

vev6
+

16 � F8n2 p1.p3 p2.p5

vev6
+
16 � F8n2 p1.p4 p2.p5

vev6
+
16 � F8n2 p1.p6 p2.p5

vev6
+

16 � F8n2 p1.p3 p2.p6

vev6
+
16 � F8n2 p1.p4 p2.p6

vev6
+
16 � F8n2 p1.p5 p2.p6

vev6
+

16 � F8n2 p1.p2 p3.p4

vev6
+
16 � F8n2 p1.p5 p3.p4

vev6
+
16 � F8n2 p1.p6 p3.p4

vev6
+

16 � F8n2 p2.p5 p3.p4

vev6
+
16 � F8n2 p2.p6 p3.p4

vev6
+
16 � F8n2 p1.p2 p3.p5

vev6
+

16 � F8n2 p1.p4 p3.p5

vev6
+
16 � F8n2 p1.p6 p3.p5

vev6
+
16 � F8n2 p2.p4 p3.p5

vev6
+

16 � F8n2 p2.p6 p3.p5

vev6
+
16 � F8n2 p1.p2 p3.p6

vev6
+
16 � F8n2 p1.p4 p3.p6

vev6
+

16 � F8n2 p1.p5 p3.p6

vev6
+
16 � F8n2 p2.p4 p3.p6

vev6
+
16 � F8n2 p2.p5 p3.p6

vev6
+

16 � F8n2 p1.p2 p4.p5

vev6
+
16 � F8n2 p1.p3 p4.p5

vev6
+
16 � F8n2 p1.p6 p4.p5

vev6
+

16 � F8n2 p2.p3 p4.p5

vev6
+
16 � F8n2 p2.p6 p4.p5

vev6
+
16 � F8n2 p3.p6 p4.p5

vev6
+

16 � F8n2 p1.p2 p4.p6

vev6
+
16 � F8n2 p1.p3 p4.p6

vev6
+
16 � F8n2 p1.p5 p4.p6

vev6
+

16 � F8n2 p2.p3 p4.p6

vev6
+
16 � F8n2 p2.p5 p4.p6

vev6
+
16 � F8n2 p3.p5 p4.p6

vev6
+

16 � F8n2 p1.p2 p5.p6

vev6
+
16 � F8n2 p1.p3 p5.p6

vev6
+
16 � F8n2 p1.p4 p5.p6

vev6
+

16 � F8n2 p2.p3 p5.p6

vev6
+
16 � F8n2 p2.p4 p5.p6

vev6
+
16 � F8n2 p3.p4 p5.p6

vev6
�,

��{A, 1}, {A, 2}, {piC, 3}, {piC, 4}, �piC†, 5�, �piC†, 6��,

64 � e2 F1n0 p1
�2 p2

�1

3 vev4
+
32 � e2 F3n0 p1

�2 p3
�1

3 vev4
+
32 � e2 F3n0 p2

�1 p3
�2

3 vev4
+
32 � e2 F3n0 p1

�2 p4
�1

3 vev4
+
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32 � cw2 e4 F5n0 ��3,�5 ��4,�6

sw2 vev2
-
32 � e4 F4n0 sw2 ��3,�5 ��4,�6

cw2 vev2
-
32 � e4 F5n0 sw2 ��3,�5 ��4,�6

cw2 vev2
-

64 � e4 F4n0 ��3,�4 ��5,�6

vev2
-
64 � e4 F5n0 ��3,�4 ��5,�6

vev2
-
32 � cw2 e4 F4n0 ��3,�4 ��5,�6

sw2 vev2
-

32 � cw2 e4 F5n0 ��3,�4 ��5,�6

sw2 vev2
-
32 � e4 F4n0 sw2 ��3,�4 ��5,�6

cw2 vev2
-
32 � e4 F5n0 sw2 ��3,�4 ��5,�6

cw2 vev2
��

Hermiticity
In[�]:= CheckHermiticity[SixPartVertsLagr]

Checking for hermiticity by calculating the Feynman rules contained in L-HC[L].

If the lagrangian is hermitian, then the number of vertices should be zero.

Starting Feynman rule calculation.

Expanding the Lagrangian...

No vertices found.

0 vertices obtained.

The lagrangian is hermitian.

Out[�]= {}
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BACKUP. Extra vertices Checks



CHECKS: VERTICES

FEYNCALC Ref. [6]

[6] R. DELGADO LÓPEZ, STUDY OF THE ELECTROWEAK SYMMETRY BREAKING SECTOR FOR THE LHC, 1ST ED., SPRINGER THESES
(SPRINGER CHAM, 2017). 51
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