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( ) [ ———————
(O *) ( sowkk Particle classes sowwk x)
(% Model for Electroweak Effective Theory *) (3 HAAAAAAAAAASAKAFAAAKHKAFFK K )
(% *)

( ) M$ClassesDescription = {

(* Gauge bosons: physical vector fields *)
M$Mode WName = "EWET"; Ve e P

ClassName - A,
M$Information = {Authors —> {"Javier Martinez","Juan José Sanz Cillero"}, SelfConjugate -> True,
Date->"24/05/2022" Ei:ih ]
Institutions —> {"Universidad Complutense de Madrid"}, ParticleName
Emails —> {"javmar2l@ucm.es","jusanz@2@ucm.es"}, PDG - 22,
Version —> "1" PropagatorLabel -> "\[Gammal",
}; PropagatorType —> W,
PropagatorArrow —> None,
FeynmanGauge = True; N Fullame > "Photon
VI2] = {
(3 stk Rk R AR FAAK K ) ClassName -z,
(% sokkkx  Gauge groups kkkk x) SelfConjugate —-> True,
(3 shoptpokiolioiokiohiokoRoloRlok %) :ﬁ;ih - Mz, gliég?'
ParticleName  -> '
M$GaugeGroups = { PDG - 23,

U1y == { PropagatorLabel —> "Z",
Abelian —> True, Empagator{ype - :ine,
CouplingConstant —> g1, ropagatorArrow —> None,

FullName -zt
GaugeBoson -> B, )y
Charge Y vis] = ¢
’ ClassName -> W,

su2L == { SelfConjugate  -> False,
Abelian —> False, Mass -> {MW, Internal},
CouplingConstant —> gw Width —> {WW, 2.085},

p_ing Ehid ParticleNane  -> "W+

GaugeBoson - Wi,
StructureConstant —> Eps,
Representations -> {Ta,SU2D}, 24,
Definitions -> {Tala_,b_,c_]->PauliSigmala,b,c1/2, FSU2L[i_,j_,k_1:> I Eps[i,j,kl} ;;g;:g;;g;;;’;gl T
PropagatorArrow -> Forward,
; R FullName e

AntiParticleName -> "W-",
QuantumNumbers  —> {Q —> 1},

(% Higgs: physical scalars )
sl1] {

ClassName - H,
SelfConjugate —> True,

Mass —> {MH, 125},
Width -> {WH,0.00407},

PropagatorLabel —> “H,
PropagatorType —> Straight,
PropagatorArrow —> None,

PDG 25

(% *) ParticleName  —> "H",

(s sokotokok Indices sorokokk %) . FullName —> "H"

(* *) ,

( Pions: Goldstones x)

IndexRange [Index [SU2W 11 = Unfold[Range[3]]; s[2]

IndexRange [Index [SU2D 11 = Unfold[Rangel2]]; ClassName —> pio,
SelfConjugate —> True,

1, Mass -> {MPI0, 0},

ingexg:y{egﬂ%\g, Jk} Width -> {WPIo, o},

ndexstyle ’ ; PropagatorLabel —> ComposedChar ["\\pi",Null,@],
PropagatorType -> D,

* *) PropagatorArrow —> Non

(% sk Interaction orders ik x) ParticleName — -> "Pi0",

(x #rk  (as used by mg5) ok x) FullName > "Pi@

(* *) !

i ) S[3] ==
M$InteractionOrderHierarchy = { ClassName -> piC,
{QED, 2} SelfConjugate -> False,

i Mass - {MPIC, @},
QuantumNumbers — -> {Q —> 1},
Width -> {WPIC, 0},

PropagatorLabel -> "\[Pi]",
PropagatorType ->D,

PropagatorArrow —> Forward,
ParticleName -> "Pi
AntiParticleName —> "Pi
FullName e
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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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EWET FEYNRULES.NB (V_1.0)

raiz cuadrada raiz cuadrada

|M = |lepsf % {{ pi®, Sqrt[2] piC}, {Sqrt[2] piCbar, -pi0}};

UU = MatrixExp[IM / vev] // Simplify;
exponencial-:- |[namero i simplifica

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

UTayl = Series[UU, {vev, Infinity, 5}] // Normal;
serie infinito normal
UdagTayl =

FullSimplify[ConjugateTranspose[UTayl]] /.
simplifica comple-- |transpuesto conjugado

{Conjugate[pi0] » pi®, Conjugate[piC] » piCbar, Conjugate[piCbhar] -» piC} /,

conjugado conjugado
Expand;
expande factores

uTayl = Series[uu, {vev, Infinity, 5}] // Normal;
serie infinito normal

udagTayl =

FullSimplify[ConjugateTranspose[uTayl]] /.
simplifica comple-- |transpuesto conjugado

conjugado

{Conjugate[pi0] » pi®, Conjugate[piC] -» piCbar, Conjugate[piCbar] -» piC} //

conjugado conjugado

Expand;
expande factores

conjugado 6
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EWET.FR (V_1.0)

(* Gauge bosons: unphysical vector fields x)

V[11] == {
ClassName -> B,
Unphysical -> True,

SelfConjugate —> True,
Definitions —> { Blmu_] —> -sw Z[mul+cy Almul}

VI[12] ==
ClassName - Wi,
Unphysical -> True,
SelfConjugate —> True,
Indices —> {Index[SU2W]},

FlavorIndex —-> SU2W,
Definitions  —> { Wilmu_,1] —> (Whar([mul+WwImul)/Sqrt[2], Wilmu_,2] —> (Whar[mul-W[mul)/(I*xSqrt[2]),
Wilmu_,3] —> cw Z[mul + sw Almul}

’

EWET FEYNRULES.NB (V_1.0)

What[mu_] = -epsfxgw/2*Sum[PauliMatrix[i] *Wi[mu, 1], {i, 1, 3}1;
s+ |matriz Pauli

Bhat[mu_] = -epsfxgl/2xPauliMatrix[3] *B[mu];
matriz Pauli
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DU[mu_] :=del[UTayl, mu] - I *What[mu] .UTayl + I «UTayl.Bhat[mu];
namero i ndmero i

a |DU=08,U-iW,U+iUB,
DUdag[mu_] := del[UdagTayl, mu] + I »UdagTayl.What[mu] - I «Bhat[mu].UdagTayl;
ndmero i ndmero i

u[mu_] := Normal[Series[ -I«*udagTayl.DU[mu].udagTayl, {epsf, O,E]]
normal serie namero i

BBhat[mu_, nu_] = del[Bhat[nu], mu] - del[Bhat[mu], nu] -

WI“/ = 8"" ‘/{/V —_ 6VW;1, —_ i[Wl“ [/[/V] I'(Bhaj:[mu].Bhat[nu] - Bhat[nu].Bhat[mu]);
numero |
. A A

Bul/ B[LBV _ aVB[L _ Z[B“, By] Wwhat[mu_, nu_] = FS[What, mu, nuj - i:m(el:ghiat[mu] .What[nu] - What[nu] .What[mu]) ;

fplus[mu_, nu_] =

Normal[Series[udagTayl.Wwhat[mu, nu].uTayl + uTayl.BBhat[mu, nu].udagTayl,
normal serie

X 5 fminus[mu_, nu_] =
f:'LII':U — uT Wl'“/u :l: uB"‘“/uT 3 :grn;‘n:ﬂal[zgr]r:es[ udagTayl.WWhat[mu, nu].uTayl - uTayl.BBhat[mu, nu].udagTayl,
|
A 7 A A A {epsf, O,E]];
X# == aﬂXV - aVXM) XIL = _ng[,L b TT =-g1l/2% uTayl.PatlTL'iPMa::r'ix[3].udagTay'L;
3
. 1. . (o2 X[mu_] = -glxepsfxB[mu]; 8
T =uTgu', Tpr=—-g1—.

2 XX[mu_, nu_] = FS[X, mu, nul;
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Lagr2FS =
(2) — _1 1 1KY 1 o DUV Normal[Series[ -1/ (2#*gw?2) Tr [Wwhat[mu, nu].Wwhat[mu, nu]] -
= LFS - _2 2 WIJ‘VW - 2 2 B/-“/ ’ B normal serie & traza
gW gl 1/ (2%*glA”2) Tr[BBhat[mu, nu].BBhat[mu, nu]], {epsf, 0, 6}]1] // Expand;
|traza expande factores
£(2) 1 8 all» 1 2,9 ( / ) L2tr = Tr[u[mu] .u[mul] // Expard1df;
_ traza expande fa
= Lscalar =5 ,ho"'h — Emhh -V (h/v)+

Lagr2Scalar =

+ ’l)_zfu (h/v) (uuu“> , ﬁgr;rg?l[isrgies[1/2*de1[epsf*H, mu] xdel[epsfxH, mu] -
4 1/2%*MHA2xepsfA2xHA2 -
1/2xMHA2%xvevA2x
(b3xepsfA3xHA3/vevA3 +bdxepsfr4xHN4/vevri4 +

1 h\"
V (h/v) = Em,zl'u2 E bp | — b5« epsfA5*HAS5/vevAS5 +b6wepsfAGaHAG/vevr6)[rvevh2/ 4w Lotr +]
| n>3 4 vevxepsfxH/2xa%xL2tr + epsfA2xHA2/4xbxL2tr +
epsfA3%HA3/4%c3uxL2tr + epsfA4+xHAr4/4%xc4uxlL2tr, {epsf, 0, 6}]];

= (g h n.
fu(h/v)_1+nz=:1 SJ(U) ;
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Lagr4Scalar =

3
u ,Cgls) = E .Fz (h/’U) Oz + -Fz (h/’l}) Oz —I— Normal[Series[F4n0 « 04 + F5n0 % 05 + F6nO % 06 + F7n0 % 07 + F8nO % 08 + F10n0 % 010 +

normal serie
7,=1 (F4An1 %04 + F5n1 %05 + F6n1 %06 + F7Tn1 %07 + F8n1 %08 + F10n1 * 010) »epsf*H/vev +
(FAn2 %04 + F5n2 %05 + F6n2 %06 + F7Tn2 % 07 + F8n2% 08 + F10n2 # 010) *epsfA2+HA2/vevA2 +

—I— fg (h,/'v) 09 —|— fll (h/’U) 011 y F10n3 010+ epsfA3+HA3/vevA3 + F10n4 x 010+ epsfA4xHA4/vevAra, {epsf, 0, 6}]11;

Lagr4Fs =

Normal[Series[F1nO 0l + F2n0 % 02 + F3n®@ % 03 + FON0 % 09 + F11n0 * 011 + FF1nO %+ 001 +
normal serie

8
[ ] Lgt:)alar = E F,{ (h/'v) 01 -+ flO (h/'U) 010 FF2n0 % 002 + FF3n0 + 003 +
) (FIn1%01 + F2n1 %02 + F3n1 %03 + FOn1 %09 + F11n1 %011 + FF1n1l %+ 001 + FF2n1 %« 002 +
1=4 FF3n1003) x epsfxH/ vev +
(F1In2%01 + F2n2% 02 + F3n2 %03 + FON2% 09 + F11n2 #+ 011 + FF1n2 * 001 + FF2n2 % 002 +
FF3n2 % 003) xepsfA2xHA2/vevAr2+
(FIn3 %01 + F2n3 %02 + F3n3 %03 + FON3 %09 + F11n3 # 011 + FF1n3 * 001 + FF2n3 % 002 +
FF3n3 x003) xepsfA3xHA3 /vevA3 +
(F1n4 %01 + F2n4 %02 + F11n4 x 011 + FF2n4 % 002) xepsfA4xHA4 /vevAr 4, {epsf, 0, 6}11;

Y Fin
n=0
Y Fin
n=0
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LI e — £ f ) | 5 (P2 T, w])
2 frww + 2 )| (F )

S g u]) | O ()
(wuun ) (ubu”) —
(u“u“)z -

(CAICDI

(Ou h)gau h) (uu”)

(0,,R) (0P R) (8, h)(” R)
’l)4
) () —

)

10 (Tu,)* -
11 X 0 X -

TABLE 1. CP-invariant operators of the O(p*) EWET La-
grangian. P-even (P-odd) operators are shown in the left
(right) column.
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EWET FEYNRULES.NB (V _1.0)

0l =
Normal[Series[1/4xTr[fplus[mu, nu].fplus[mu, nu] - fminus[mu, nu].fminus[mu, nujlj,
normal serie traza
{epsf, 0, 6}1] // Expand;
expande factores
02 =
Normal[Series[1/2*Tr[fplus[mu, nu].fplus[mu, nu] + fminus[mu, nu].fminus[mu, nul],
normal serie traza
{epsf, 0, 6}1] // Expand;
expande factores
03 = Normal[Series[I/2+Tr[fplus[mu, nu]. (u[mu].u[nu] -u[nu].u[mu])], {epsf, ©, 6}1] //
normal serie nam--- |traza
Expand;

expande factores

09 = Normal[Series[1/vevxdel[epsf*H, mu] « Tr[fminus[mu, nu].u[nu]], {epsf, @, 6}1] //
normal serie traza
Expand;
expande factores

011 = Normal[Series[XX[mu, nu] *XX[mu, nu], {epsf, @, 6}1] // Expand;
normal serie expande fa

001 = Normal[Series[I/2Tr[fminus[mu, nu].(u[mu].u[nu] -u[nu].u[mu])], {epsf, 0, 6}11 /
normal serie nam-- |traza
Expand;
expande factores

002 = Normal[Series[ Tr[fplus[mu, nu].fminus[mu, null, {epsf, 0, 6}]] // Expand;

normal serie traza expande fa

003 = Normal[Series[1/vevxdel[epsf«H, mu] *Tr[fplus[mu, nu].u[nu]]l, {epsf, 0, 6}]] //
normal serie traza

Expand;

expande factores
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= 04 = Normal[Series[Tr[u[mu].u[nu]] *Tr[u[mu].u[nu]], {epsf, ©, 6}]1] // Expand;
,’: O'L 01, normal serie traza traza expande fa
1 v v 7 v 05 = Normal[Series[Tr[u[mu].u[mu]] *Tr[u[nu].u[nu]], {epsf, ©, 6}]1] // Expand;
1 Z (f_,i_l' f+,_LU - fﬁ f—p,l/> 5 (fil' [’U"IJ:) uy]> normal serie traza traza expande fa
1 [ % 734
2 §<f+ f+PW+f— f—lu/> ( + f—[.LU) 06 =
- Normal[Series[1/vevA2x del[epsf+H, mu] » del[epsf+H, mu] *Tr[u[nu].u[nu]]
3 l <f"l'V [u”’ ul/]> M (f“’uuu> normal serie ’ * ’ traza ’
4 2 == (757 L + {epsf, 0, 6}]1] // Expand;
(u”uu) (u 2u ) —_— expande factores
K 07 =
) Uy U -
h< ,;h ) Normal[Series[1/vevA2x del[epsfxH, mu] xdel[epsfxH, nu] * Tr[u[mu].u[null,
6 (6E )(6 ) (u uV> _ normal  |serie traza
. h"za - v (epsf, @, 6}1] // Expand;
7 ( " )g v ) (ul_‘,uy> _ expande factores
2 _
(CPDICIHADICADICHD =
8 1 —_ Normal[Series[1/vevA2x del[epsf+H, mu] xdel[epsfxH, mu] *1/vevA2x«
22 normal  |serie
M pv —_ del[epsf*H, nu] »2, {epsf, 0, 6}1]1 // Expand;
9 21 (f— zul/) expande factores
10 <Tup,> - 010 = Normal[Series[Tr[TT.u[mu]] * Tr[TT.u[mul]], {epsf, 0, 6}]] // Expand;
» normal serie traza traza expande fa
11 X, XM —
2%

TABLE 1. CP-invariant operators of the O(p*) EWET La-
grangian. P-even (P-odd) operators are shown in the left I 2
(right) column.

[1]7 C. KRAUSE, A. PICH, I. ROSELL, J. SANTOS, AND J. J. SANZ- CILLERO, COLORFUL IMPRINTS OF HEAVY STATES IN THE ELEC- TROWEAK EFFECTIVE THEORY, JOURNAL
OF HIGH ENERGY PHYSICS 2019, 10.1007/JHEP05(2019)092 (2019).

[2] A. PICH, I. ROSELL, ). SANTOS, AND . J. SANZ-CILLERO, FINGERPRINTS OF HEAVY SCALES IN ELECTROWEAK EFFECTIVE LAGRANGIANS, JOURNAL OF HIGH ENERGY
PHYSICS 2017, 10.1007/JHEP04(2017)012 (2017).
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FEYNRULES

EWET FEYNRULES.NB (V_1.0)

Start

Read by

"EWET

FeynRules.nb"

Generates

v
@od, .gen, .pa@

|
Read by

"EWET
FeynCalc.nb"

Further
study the
theory

Describes the content
of the theory

Builds the Lagrangian
and generates the
Feynman rules

Performs calculations with
the vertices: generates
diagrams, amplitudes...


https://github.com/Javomar99/EWET

- SetOptions[$FrontEnd, "ClearEvaluationQueueOnKernelQuit" - False];
asigna opciones linterfaz falso
Quit[];
detén nicleo del sistema

EWET FeynRules

- $FeynRulesPath =
SetDirectory["/Applications/Mathematica.app/Contents/AddOns/feynrules"];
establece directorio

- << 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[].

n-1= SetDirectory[NotebookDirectory[]];
establece directoric | directorio de cuaderno

LoadMode H
Durante la evaluacion de In[3]:=
This model implementation was created by
Durante la evaluacion de Inf3]:=
Javier Martinez
Durante la evaluacion de Inf3]:=
Juan José Sanz Cillero
Durante la evaluacion de In[3]:=
Model Version: 1
Durante la evaluacion de In[3):=
For more information, type ModelInformation[].

Durante la evaluacion de In[3]:=

Durante la evaluacion de In[3]:=

- Loading particle classes.
Durante la evaluacion de In[3]:=

- Loading gauge group classes.
Durante la evaluacion de In[3]:=

- Loading parameter classes.

Durante la evaluacion de In[3]:=

Model EWET loaded.

14



2 | EWET FeynRules.nb

Fields and Operators

InfeJ:=

InfeJ:=

Inf

y
i

Infe .

Inf

Infe]:=

M= epsfx*{{ pi0®, Sqrt[2] piC} , {Sqrt[2] piCbar, -pi0}};

raiz cuadrada raiz cuadrada
UU = MatrixExp[IM / vev] // Simplify;
exponencial - | numero i simplifica
uu = MatrixPower [UU, 1/2] // Simplify;
potencia matricial simplifica

UTayl = Series[UU, {vev, Infinity, 5}] // Normal;

serie nfinito normal

UdagTayl = FullSimplify[ConjugateTranspose[UTayl]] /. {Conjugate[piO] » pio,

simplifica comple-+- transpuesto conjugado conjugado

Conjugate[piC] » piCbar, Conjugate[piCbar] » piC} // Expand;
(o]

conjugado conjugad expande factores

uTayl = Series[uu, {vev, Infinity, 5}] // Normal;
serie infinito normal

udagTayl = FullSimplify[ConjugateTranspose[uTayl]] /. {Conjugate[piO] » pio0,

simplifica comple transpuesto conjugado conjugado

Conjugate[piC] » piCbar, Conjugate[piCbar] » piC} // Expand;

conjugado conjugado expande factores

What[mu_] = -epsf*gw/2+Sum[PauliMatrix[i] «Wi[mu, i], {i, 1, 3}];
S matriz Pauli

Bhat[mu_] = -epsf *gl/2«PauliMatrix[3] *B[mu];
matriz Pauli

DU[mu_] :=del[UTayl, mu] - I +What[mu].UTayl+I*UTayl.Bhat[mu];

namero i namero i

- DUdag[mu_] := del[UdagTayl, mu] + I «UdagTayl.What[mu] - I * Bhat[mu].UdagTayl;

namero i namero i

u[mu_] := Normal[Series[ -I xudagTayl.DU[mu].udagTayl, {epsf, 0, 5}]1
normal | serie namero i
BBhat[mu_, nu_] =
del[Bhat[nu], mu] -del[Bhat[mu], nu] - I (Bhat[mu].Bhat[nu] - Bhat[nu].Bhat[mu]);

namero i

WwWhat[mu_, nu_] = FS[What, mu, nu] - I * (What[mu].What[nu] - What[nu].What[mu]);
namero i

fplus[mu_, nu_] = Normal[Series[
normal  |serie
udagTayl.WwWhat[mu, nu] .uTayl +uTayl.BBhat[mu, nu].udagTayl, {epsf, 0, 6}11] ;
fminus[mu_, nu_] = Normal[Series[
normal serie
udagTayl.WWhat[mu, nu].uTayl -uTayl.BBhat[mu, nu].udagTayl, {epsf, 0, 6}]1;
TT = -gl/2+ uTayl.PauliMatrix[3].udagTayl;

matriz Pauli

X[mu_] = -gl*xepsfxB[mu];

|5



EWET FeynRules.nb

1= XX[mu_, nu_] = FS[X, mu, nu];

L2

L2 Scalar

i 1=JL2tr = Tr[u[mu] .u[mu]1§// Expand;
aze expande fa

)= Lagr2Scalar = Normall[
normal

Series[1/2xdel[epsf+H, mu] xdel[epsf+xH, mu] -1/2+«MH A2 xepsfr2+HA2-

serie
1/2%MHA2 xvevA2«x (b3 xepsfA3+HA3/vevA3+bdxepsfraxHNE/vevra+
b5 x epsfA5xHA5 /vevA5+b6 xepsfA6xHAG/vevr6) +
vevAr2 /4 xL2tr+vevrepsfxH/2xaxL2tr+epsfr2+«HA2/4xbxL2tr +
epsfA3xHA3 /4 %xc3uxL2tr+epsfr4+xHA4/4%cduxL2tr, {epsf, 0, 6}]1];

L2 FS

- Lagr2FS = Normal[Series[ -1/ (2 gw”2) Tr[WWhat[mu, nu] .WWhat[mu, nu]] -

normal serie traza

1/ (2+gl”2) Tr[BBhat[mu, nu].BBhat[mu, nu]], {epsf, @, 6}]] // Expand;

traza expande factores

L4

L4 Scalar

= 04 = Normal[Series[Tr[u[mu].u[nu]] * Tr[u[mu].u[nu]], {epsf, @, 6}]] // Expand;

normal | serie traza traza expande fa

1= 05 = Normal[Series[Tr[u[mu] . .u[mu]] * Tr[u[nu].u[nu]], {epsf, 6, 6}]1] // Expand;
normal | serie traza traza expande fa

= 06 = Normal[Series[1/vevA2 s« del[epsf+H, mu] %
normal | serie
del[epsf «H, mu] » Tr[u[nu].u[nu]], {epsf, 0, 6}]] // Expand;
traza expande factores
1= 07 = Normal[Series[1/vevA2« del[epsf«H, mu] %
normal | serie
del[epsf*H, nu] * Tr[u[mu].u[nu]]l, {epsf, 0, 6}]1 // Expand;
traza expande factores
n-j- 08 = Normal[Series[1/vev/A2 x del[epsfxH, mu] xdel[epsf+H, mu]
normal  |serie

1/vev”2« del[epsf+H, nu]*2, {epsf, 0, 6}]] // Expand;

expande factores

3
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Lagrangian

L4 Lagrangian with up to 6 particles vertices

1= SixPartVertsLagr =

Normal[Series[Lagr2Scalar + Lagr2FS + Lagr4Scalar + Lagr4FS, {epsf, 0, 6}1] /.
normal serie

{epsf > 1};

1= WriteFeynArtsOutput[SixPartVertslLagr,

Output - "SixPartVertsLagr", CouplingRename » False, MaxParticles - 6];
falso

- - - 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: M ,; 384.

384 vertices obtained.
mytimecheck,after LGC
Writing FeynArts model file into directory SixPartVertsLagr

Writing FeynArts generic file on SixPartVertslLagr.gen.



6 | EWET FeynRules.nb

L4 Lagrangian with up to 4 particles vertices

-}~ FourPartVertsLagr =

Normal[Series[Lagr2Scalar + Lagr2FS + Lagr4Scalar + Lagr4Fs, {epsf, 0, 4}1] /.
normal | serie

{epsf - 1};

1~ WriteFeynArtsOutput[FourPartVertsLagr,

Output -» "FourPartVertsLagr", CouplingRename » False, MaxParticles - 4];
falso

- - - 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: N os4.

84 vertices obtained.
mytimecheck,after LGC
Writing FeynArts model file into directory FourPartVertsLagr

Writing FeynArts generic file on FourPartVertslLagr.gen.

L2 Lagrangian

;- LOLagr = Normal[Series[Lagr2Scalar + Lagr2FS, {epsf, 0, 6}]] /. {epsf » 1};
normal serie
= WriteFeynArtsOutput[LOLagr, Output - "LOLagr",

CouplingRename -» False, MaxParticles - 6];
falso

|18



EWET FeynRules.nb | 7

- - - 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: B/ 1e0.

169 vertices obtained.
mytimecheck,after LGC
Writing FeynArts model file into directory LOLagr

Writing FeynArts generic file on LOLagr.gen.

Vertices

3 particles vertices

- 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: I / 23.
23 vertices obtained.

3 i b3 MH?
o {{11H, 1), (H, 2}, (H,3)), -

1.

2ie?F10nlp,.ps Ziapz.pg}

vev

[ty 1y, tpio, 23, (pie, 333, -

,
c2vev? vev

[{ea, 1y, tpic, 23, {pic’, 3}},
o 41ieF3n0ps py.p; 41eF3n0p5 p;.ps
-iep+ieps+ - };
vev?

vev?

2e?F10n@ p;.p, 2e?F10n0p;.ps

[{tpie, 13, tpic, 23, {pic’, 3}},

+

1.

2 3 2 3
covev cj vev



FEYNCALC

EWET FEYNCALC.NB (V_1.0)

Start

Read by

"EWET

FeynRules.nb"

Generates

v
@od, .gen, .pa@

|
Read by

"EWET
FeynCalc.nb"

Further
study the
theory

Describes the content
of the theory

Builds the Lagrangian
and generates the
Feynman rules

Performs calculations with
the vertices: generates
diagrams, amplitudes...


https://github.com/Javomar99/EWET

Infe]:=

SetOptions[$FrontEnd, "ClearEvaluationQueueOnKernelQuit" - False];
asigna opciones linterfaz falso

Quit[];
detén nucleo del sistema

EWET FEYNCALC

Infe J:=

Infe]:=

Infe J:=

Infe J:=

Infe J:=

$LoadAddOns = {"FeynArts"};

Get["FeynCalc' "]
recibe

$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. B6hm, 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

SetDirectory[NotebookDirectory[]];
establece directoric | directorio de cuaderno

FAPatch[PatchModelsOnly - True,
verdadero

FAModelsDirectory » FileNameJoin[{NotebookDirectory[] | “S-ixPartVertsLagrﬂb] 13

une nombre de arc-- |directorio de cuaderno

Successfully patched FeynArts.

SetOptions[FourVector, FeynCalcInternal - False];
asigna opciones falso

ModeY["EWET.fr"};
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PiPi->Pi0Pi0 Vertex

- diags = InsertFields[CreateTopologies[0, 2 » 2,
ExcludeTopologies -» {Tadpoles, WFCorrections (x,Internal, Reduciblex)},
Adjacencies -» {4}], {S[3], -S[3]} » {S[2], S[2]}, Model -» FileNameJoin[

une nombre de archivo

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

FileNameJoin[{NotebookDirectory[], "SixPartVertsLagr/SixPartVertsLagr"}],
une nombre de arc-- | directorio de cuaderno

InsertionLevel » {Classes} , ExcludeParticles » {V[3]}];
1= Paint[diags, ColumnsXRows - {1, 1}, Numbering - None,
ninguno

SheetHeader - None] ;
ninguno

- ~

1= M = ExpandScalarProduct [FCFAConvert[CreateFeynAmp[diags],

IncomingMomenta - {pl, p2}, OutgoingMomenta » {k1, k2}, List -» False,
lista falso
ChangeDimension -» 4, DropSumOver - True, SMP » True, Contract -» True]]
verdadero verdadero verdadera

2i(k1-Kk2)(cw? vev? + 8€? F10n0) i (k1 - p1) (cw? vev? + 4 €2 F10n0)

Outf+]= —i + +

3 cw? vevt 3 cw? vevt

i(k1-p2) (cw? vev? + 4€2F10n0) i (k2-pl)(cw? vev? + 4e? F10n0) i (k2 p2) (cw? vev? + 4 ¢? F10n0)

+ + +
3cew? vevt 3 cw? vev? 3 cw? vev?
16 F4n0 (k1-p2)(k2-pl) 16iF4n0 (k1-pl)(k2-p2) 32iF5n0(k1-k2)(pl-p2) 2i(pl-p2)
+ + +
vev* vevt vevt 3 vev?
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CHECKS:VERTICES

FEYNCALC Ref. [11]

M = ExpandScalarProduct[FCFAConvert[CreateFeynAmp[diags], IncomingMomenta -» {pl},
OutgoingMomenta - {kl1, k2}, List » False, ChangeDimension - 4, DropSumOver - True, SMP - True, Contract - True]]

lista falso verdadero verdadero verdaderc
2a (kI-K2)
'LU+, P2
n /
- / .
-7 2ia
v 2. h, pp — =5 (p2ps)
Ve . \
_ &« —1— (k1 kz) \
S v —
H ~ w ,P3
T~
[I'1] R. DELGADO LOPEZ, STUDY OF THE ELECTROWEAK SYMMETRY BREAKING SECTOR FOR THE LHC, IST ED., SPRINGER THESES 23
(SPRINGER CHAM, 2017). HTTPS://DOI.ORG/10.1007/978-3-319-60498-5



CHECKS:VERTICES

FEYNCALC

M = ExpandScalarProduct [FCFAConvert [CreateFeynAmp[diags], IncomingMomenta » {pl, p2}, OutgoingMomenta - {k1, k2}, List » False, ChangeDimension -4,
lista falso

DropSumOver - True, SMP - True, Contract - True]]
verdadero verdadero verdadero

v[i be? (e(pl)-e(p2)) 4 ic? (F2n2 + FF2n2) (pT- 5(p2)) (pZ- &(p1)) 4 i ? (F2n2 + FF2n2) (pT- p2) (5(p1) - &(p2)) 2 i e? F6nO (KT - K2) (&(p1) - 2(p2)) i e? F7nO (KT - 2(p2) (K2 - &(p1))
—i + - - - -

2 sw? sw? vev? sw? vev? sw? vev? sw? vev?
ie? Fn0 (KT - 2(pl)) (K2 - £(p2) i e* (F9nl + FF3nl) (pI - £(p2)) (KT - &(pl) + K2 - &(p1)) i e* (F9nl + FF3nl) (p2 - &(pl)) (KT - &(p2) + KZ- £(p2)) i e (F9nl + FF3nl) (s(pl) - £(p2)) (KT - pI + KT - p2 + K2 pI + K2 - p2)
o ver? " 2o ver? * 2w ver? B 2o ver?
2
bg
144
=1 guvt
2
. 2 g?;y]'-e,o
-t T (kl ko )guv+

2
g% F
—zg—Wv27’° (k1vkap + kapukay )+

ith/V (Fo,1 + Fa1)

+ 202

[p1v (k1 + k2)pu+

D2 (k1 + k2)u — (p1 + p2)?gp]+

i4g§V (Fa2 + jrz,z)

+ o2

[plup2u - (plp?)guu]

Ref. [12]

w-

[12] C. GARCIA-GARCIA, NEW PHYSICS SIGNALS OF THE ELECTROWEAK CHIRAL LAGRANGIAN IN VECTOR BOSON SCATTERING

AT THE LHC (2020). 2001.08965 [HEP-PH]

ig
SM _ K
Vw,rw;HH = 5 8w

S e i
Vivtwean = Vwgwean Ty (0= 18w

24


https://arxiv.org/abs/2001.08965

s
Amplitudes Checks

PiPi->PiOPi0 Amplitude

- diags = InsertFields[CreateTopologies[0, 2 » 2,
ExcludeTopologies » {Tadpoles, WFCorrections (x,Internal, Reduciblex)},
Adjacencies -» {3, 4}1, {S[3], -S[3]} » {S[2], S[2]}, Model »

FileNameJoin[{NotebookDirectory[], "SixPartVertsLagr/SixPartVertsLagr"}],
une nombre de arc-- | directorio de cuaderno

GenericModel » FileNameJoin[{NotebookDirectory[],
une nombre de arc-* | directorio de cuaderno

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

1= M = ExpandScalarProduct[
FCFAConvert[CreateFeynAmp[diags], IncomingMomenta » {pl, p2},

OutgoingMomenta - {kl1, k2}, List » False, ChangeDimension - 4,
lista falso

DropSumOver -» True, SMP -» True, Contract » True] // FeynAmpDenominatorExplicit]
verdadero verdadero verdadero

, 2FI0n0¢? (—F'O“"”” +

a(acw? vev? + F10nl ¢?) s ow? vev?
ouej= —
cw? vev? (s — m}) cw?vev?
i N Fl0n0ue?
ew? vev? 8iFsn0s> i(cw? vev? + 8F10n0¢?)s is
—i + + -
cw? vev? vevt 3cw? vevt 3vev?

+

4 4

it(cw? vev? +4F10n0¢?) iu(cw? vev: +4F10n0¢?) 4iF4n07  4iF4n0u?
¥ -
3cw? vevt 3cw? vev? vev vev’

1 1

ie(-vev? ew? + 2F3n0 s cw? + 2 FF1n0 t cw” — 4 F10n0 €?)

t— ”’%v 2cw? sw vev?

iue is(cw?vev? +4F10n0e?)e i(F3n0+FF1n0):[; +g)e i(F3nO+FFln0)(7; 7§]ue
—_— + + +
4sw 4cw? sw vev? sw vev? sw vev?

(ew? vev2+4 F10n0 %) ise #(F3n0+FFIn0)s (- -7 )e B I[F3"0+FF|I\O'(;+’Z)MQ)

4cw? swvev? 4sw swvev? swvev?

o uf
i(—vev? +2F3n07+2FFIn0 )e |-

2 sw vev?

1 1

ie(-vev? ew? + 2F3n0 u cw? + 2 FFIn0 u cw? — 4 F10n0 €?)

u—miy| 2cw? sw vev?

+ +

ite is(cw?vev?+4F10n0e?)e "(F3n0+FF1n0)A'[§ +é)e i(F3n0+FFln0)(J; —é]te
—+ +
4sw 4 cw? sw vev? sw vev? sw vev?

ir(ow?vev 44 Flon0e?)e o i(F3n04FF1In0)s(-2-%)e :[FBnO»FFInO)(§+*;)IeJ

i(-vev? +2F3n0u + 2FFIn0 u)e |-

4cw? swvev? dsw swvev? swvev?

2 sw vev?



npp= simp = Simplify[M]

simplifica
1 24 a cw? 5% vev? (a cw? vev? + e F10n1)
Out[+ ]= - +
24 cw* vev® s — m%{

1
8 cw? vev? (cw2 (12 F4n0 (t2 + uz) +24F5n0 s> + vevZ 25— 1 — w)+4 e?F10n0 2s -1 - uw) -
sw? (1 — m3)
6 ¢e? vev? (—(cw4 (s—u)(2F3n0¢+2FF1n0 7 - vevz) (2F3n0 (s + u) + 2 FF1n0 (s + u) + Vevz)) +

1
4 cw? €2 F10n0 (s — u) (F3n0 (s — ¢ + u) + FF1n0 (s — 1 + u) + vev2) + 8¢* F10n0? 5) -
sw? (u — my)

6e” vev? (—(cw* (s — 1) (2 F3n0 u + 2 FF1n0 u — vev?)  (2F3n0 (s + #) + 2 FF1n0 (s + 1) + vev?)) +
4cw? e F10n0 (s — 1) (F3n0 (s + ¢t — u) + FF1nO (s + 1 — u) + vev2) + 8 ¢* F10n0? 5)+

48 ¢* F10n0% (s + 1 — u) + 48 ¢* F10n0? (s — £ + 1)
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CHECKS: AMPLITUDES

FEYNCALC

simp = Simplify[M]
simplifica

+8 cw? vev? (cw2 (12F4n0(r’+u2)+z41=5n0s‘ +vev? (Z.Y—t—u))+4=2 FlOnO(Z:—t—u))—

1 24acw? 52 vev? (a cw? vev? +¢? F10n1)
24 oW vev® s

62 vev? (—(cw* (s - u) (2 F3n0 £ + 2 FF1n0 1 - vev?) « (2 F3n0 (s + u) + 2 FF1n0 (s + ) + vev?)) + 4 cw? e F10n0 (s — u) (F3n0 (s — t + u) + FFIn0 (s — £ + u) + vev?) + 8 e* F10n0? 5)

sw? (¢ — )
6 ¢2 vev? (=(cw* (s - 1) (2 F3n0 u + 2 FF1n0 u — vev?) « (2 F3n0 (s + 1) + 2 FFIn0 (s + 1) + vev?)) + 4 cw? &2 F10n0 (s - 1) (F3n0 (s + £ — u) + FF1n0 (s + t - u) + vev?) + 8 ¢* F10n0? 5) 5t FIOn0® 480t FlORO0?
sw? (u — miy) +43e (s+1—w)+48e* FINO* (s - £ +u)
T 00
0 0 0.0 a’s
IR T T e M(rtr= — n07%) = 1+ +
e S - v2 mi—s
moeindom )T<" g% s—u s—t 4F,
- - g b w - — 40 2 | o2
e B +=r + e Y0 +
bid bid 4 (m%v_ — ( u?)
1 2
8F50 2 !IW(]:30+-7‘-10 s2—u? s —t2
+—F5"+ > +
v 2v 2 —u
9y (Fao+ Fi0)? t(u —s? u(tz—sz)
+ vt m2, —t + m2, —u +
w w
2
e“*Froo [ o S—u s—1 4s
+ ) + +|+
c,v? gw mé, —t  m¥ —u v2
a]'-1016 S2
+3

chvt(mi —s)’

Ref.[I1]

A2 (st u) =

[I1] R. DELGADO LOPEZ, STUDY OF THE ELECTROWEAK SYMMETRY BREAKING SECTOR FOR THE LHC, IST ED., SPRINGER THESES

(SPRINGER CHAM, 2017).
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Describes the content
of the theory

PREDICTIONS: rEYE
A FIRST EXAMPLE

and generates the
Feynman rules

FeynRules.nb"

Generates

v
@od, .gen, .pa@

|
Read by

"EWET Perform_s calculations with
the vertices: generates

FeynCaIc.nb" diagrams, amplitudes...

Further
study the
theory

*Related with H — y Z; (Equivalence theorem)




H->APi0 New Amplitude

Tree level

)= diags = InsertFields[CreateTopologies 1- 2,|Adjacenc‘ies - {3, 4,5, 6}|(*,

ExcludeTopologies—{Tadpoles, WFCorrections,Internal, Reducible}x)],
l{S[11} » {V[1], S[2]}}, Model » FileNameJoin[

une nombre de archivo

{NotebookDirectory[] ,I "S'ixPartVertsLagr/S'ixPartVertsLagr"I] , GenericModel »
directorio de cuaderno

FileNameJoin[{NotebookDirectory[] ,| "SixPartVertsLagr/SixPartVertsLagr" I 1,
une nombre de arc-- |directorio de cuaderno

InsertionLevel » {Classes} ];

14

0

ouf - FeynArtsGraphics()(( [1]))

n-= M = ExpandScalarProduct[
FCFAConvert[CreateFeynAmp[diags], IncomingMomenta » {pl },

OutgoingMomenta -» {k1, k2}, List » False, ChangeDimension - 4,
lista falso

DropSumOver - True, SMP -» True, Contract » True] //
verdadero verdadero verdadero
FeynAmpDenominatorExplicit]
(2 FF300 (mj; — 1) (k2-&°(kD)) 2 FE3n0 (3 — nijy) (p1-&'(k1))
outf-]= —i -
vev?

vev?



Mo =

~

eF3,0

V2

(s = my)(paey,) + (¢ —mi) (ke )]

s = (k1 + ky)?
t = (p; — k1)?
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One loop

1= diags = InsertFields[CreateTopologies 1- 2,|Adjacenc-ies - {3, 4, 5, 6}|(*,
ExcludeTopologies—{Tadpoles, WFCorrections,Internal, Reducible}=x)],
[{S[11} -» {V[1], S[2]}], Model - FileNameJoin|[
une nombre de archivo

{NotebookDirectory[],["sd xPartVertslLagr/SixPartVertsLagr" }|] , GenericModel »
directorio de cuaderno

FileNameJoin[{NotebookDirectory[],["SixPartVertsLagr/SixPartVertsLagr"}],
une nombre de arc-- | directorio de cuaderno

InsertionLevel » {Classes} ];

n-1= Paint[diags, ColumnsXRows - {4, 4}, Numbering - Simple,

SheetHeader - None]
ninguno

31



64

63

62

31

30

29

>~ / o , ,
o . / S
Sk /
R v ES REE T
T %
T T T
~ / o ‘ , S
o \Oﬂ J S
5 3 .H, \H. 3] T B T
T T
T T T
~ o/ o o /
@fz\\o >N, > n LY
Nk /
g z=( )zz = 8 *
T
T T T
> \ N \ On K On \\
4 k Lo Z\O >N > i
L A SR . G
2 8 = A RE =z
T T {
z NE:
' ' ' ' ' ' (=
vw =k vw§w§.__6n vw e R T RN e T U A N O
" R 4 . _nx
N Y ; N ? 7 - o
YN ET EXN/ E® xS s 2N kT 2/ kY N NY 3 8
T
.T“ Tu T T T T T
vw %ol % vw A N AT A o
S S LA ,
\ /] \ /] \ - /] 0 o o ~ g
VA kVNfET k& ,\W1 2\ e 2V k" N =~ s e
I
%H HH T T T T T
vw A R SN R R e N A >vx % o2y % o= e (% Vo
5 ,
N K o S » © o © W
on:o.“z T z° NS NT N e T AN NS 3 8 15
H T
T T T T T T T
P % o= L 0% >y % o >Y iz %k v 2 % o=y % =3 e (% Vo
“““ 2 ,
- K ) D ~ — © g
T T T T oS> =Nt e\ > =%z s
T
T T T T T T T

32

AUTOMATICLY GENERATED BY FEYNARTS



12 14
HoOLT m ot
0 o o T : TR
69 70 103 104 70

105 M 106 1 107 T* 108 7"
H v
14 14 I

H H - 4 v 4 v
\\rr H Hﬁ 0 e 0
f 14 . S| -, (
, 14 R s s s

Wi Wl H 5 Ho 5 o o Ho, X PR %
0 0 T w w H i H
77 T 78 T 79 80 109 110 1 12

AUTOMATICLY GENERATED BY FEYNARTS 3 3



AUTOMATICLY GENERATED BY FEYNARTS

34



M _/ (2m)d 4miew2v8 (¢2 — m¥)) ' H
| = (kaet,) (k1) |
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Myp = — / d’q e gy (Fa + Fo1)(Fs,0 + Fi0) .
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CONCLUSIONS

O Simple code for studying the EWET (HEFT) theory.
[ Four external legs vertices generated for direct study of the theory up to one loop precision.

U Fast and versatile (UFO for MG5, CalcHep, ...).

L Next steps: fermions, color, resonances, ChPT...




Further
study the
theory

THE END



BACKUP. FeynRules.nb Extra code
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- SetOptions[$FrontEnd, "ClearEvaluationQueueOnKernelQuit" - False];
asigna opciones linterfaz falso
Quit[];
detén nicleo del sistema

EWET FeynRules

- $FeynRulesPath =
SetDirectory["/Applications/Mathematica.app/Contents/AddOns/feynrules"];
establece directorio

- << 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[].

n-1= SetDirectory[NotebookDirectory[]];
establece directoric | directorio de cuaderno

LoadMode H
Durante la evaluacion de In[3]:=
This model implementation was created by
Durante la evaluacion de Inf3]:=
Javier Martinez
Durante la evaluacion de Inf3]:=
Juan José Sanz Cillero
Durante la evaluacion de In[3]:=
Model Version: 1
Durante la evaluacion de In[3):=
For more information, type ModelInformation[].

Durante la evaluacion de In[3]:=

Durante la evaluacion de In[3]:=

- Loading particle classes.
Durante la evaluacion de In[3]:=

- Loading gauge group classes.
Durante la evaluacion de In[3]:=

- Loading parameter classes.

Durante la evaluacion de In[3]:=

Model EWET loaded.
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2 | EWET FeynRules.nb

Fields and Operators

InfeJ:=

InfeJ:=

Inf

y
i

Infe .

Inf

Infe]:=

M= epsfx*{{ pi0®, Sqrt[2] piC} , {Sqrt[2] piCbar, -pi0}};

raiz cuadrada raiz cuadrada
UU = MatrixExp[IM / vev] // Simplify;
exponencial - | numero i simplifica
uu = MatrixPower [UU, 1/2] // Simplify;
potencia matricial simplifica

UTayl = Series[UU, {vev, Infinity, 5}] // Normal;

serie nfinito normal

UdagTayl = FullSimplify[ConjugateTranspose[UTayl]] /. {Conjugate[piO] » pio,

simplifica comple-+- transpuesto conjugado conjugado

Conjugate[piC] » piCbar, Conjugate[piCbar] » piC} // Expand;
(o]

conjugado conjugad expande factores

uTayl = Series[uu, {vev, Infinity, 5}] // Normal;
serie infinito normal

udagTayl = FullSimplify[ConjugateTranspose[uTayl]] /. {Conjugate[piO] » pio0,

simplifica comple transpuesto conjugado conjugado

Conjugate[piC] » piCbar, Conjugate[piCbar] » piC} // Expand;

conjugado conjugado expande factores

What[mu_] = -epsf*gw/2+Sum[PauliMatrix[i] «Wi[mu, i], {i, 1, 3}];
S matriz Pauli

Bhat[mu_] = -epsf *gl/2«PauliMatrix[3] *B[mu];
matriz Pauli

DU[mu_] :=del[UTayl, mu] - I +What[mu].UTayl+I*UTayl.Bhat[mu];

namero i namero i

- DUdag[mu_] := del[UdagTayl, mu] + I «UdagTayl.What[mu] - I * Bhat[mu].UdagTayl;

namero i namero i

u[mu_] := Normal[Series[ -I xudagTayl.DU[mu].udagTayl, {epsf, 0, 5}]1
normal | serie namero i
BBhat[mu_, nu_] =
del[Bhat[nu], mu] -del[Bhat[mu], nu] - I (Bhat[mu].Bhat[nu] - Bhat[nu].Bhat[mu]);

namero i

WwWhat[mu_, nu_] = FS[What, mu, nu] - I * (What[mu].What[nu] - What[nu].What[mu]);
namero i

fplus[mu_, nu_] = Normal[Series[
normal  |serie
udagTayl.WwWhat[mu, nu] .uTayl +uTayl.BBhat[mu, nu].udagTayl, {epsf, 0, 6}11] ;
fminus[mu_, nu_] = Normal[Series[
normal serie
udagTayl.WWhat[mu, nu].uTayl -uTayl.BBhat[mu, nu].udagTayl, {epsf, 0, 6}]1;
TT = -gl/2+ uTayl.PauliMatrix[3].udagTayl;

matriz Pauli

X[mu_] = -gl*xepsfxB[mu];
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EWET FeynRules.nb

1= XX[mu_, nu_] = FS[X, mu, nu];

L2

L2 Scalar

1= L2tr = Tr[u[mu] .u[mu]] // Expand;
traza expande fa

)= Lagr2Scalar = Normall[
normal

Series[1/2xdel[epsf+H, mu] xdel[epsf+xH, mu] -1/2+«MH A2 xepsfr2+HA2-

serie
1/2%MHA2 xvevA2«x (b3 xepsfA3+HA3/vevA3+bdxepsfraxHNE/vevra+
b5 x epsfA5xHA5 /vevA5+b6 xepsfA6xHAG/vevr6) +
vevAr2 /4 xL2tr+vevrepsfxH/2xaxL2tr+epsfr2+«HA2/4xbxL2tr +
epsfA3xHA3 /4 %xc3uxL2tr+epsfr4+xHA4/4%cduxL2tr, {epsf, 0, 6}]1];

L2 FS

- Lagr2FS = Normal[Series[ -1/ (2 gw”2) Tr[WWhat[mu, nu] .WWhat[mu, nu]] -

normal serie traza

1/ (2+gl”2) Tr[BBhat[mu, nu].BBhat[mu, nu]], {epsf, @, 6}]] // Expand;

traza expande factores

L4

L4 Scalar

= 04 = Normal[Series[Tr[u[mu].u[nu]] * Tr[u[mu].u[nu]], {epsf, @, 6}]] // Expand;

normal | serie traza traza expande fa

1= 05 = Normal[Series[Tr[u[mu] . .u[mu]] * Tr[u[nu].u[nu]], {epsf, 6, 6}]1] // Expand;
normal | serie traza traza expande fa

= 06 = Normal[Series[1/vevA2 s« del[epsf+H, mu] %
normal | serie
del[epsf «H, mu] » Tr[u[nu].u[nu]], {epsf, 0, 6}]] // Expand;
traza expande factores
1= 07 = Normal[Series[1/vevA2« del[epsf«H, mu] %
normal | serie
del[epsf*H, nu] * Tr[u[mu].u[nu]]l, {epsf, 0, 6}]1 // Expand;
traza expande factores
n-j- 08 = Normal[Series[1/vev/A2 x del[epsfxH, mu] xdel[epsf+H, mu]
normal  |serie

1/vev”2« del[epsf+H, nu]*2, {epsf, 0, 6}]] // Expand;

expande factores

3
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4 | EWET FeynRules.nb

= 010 = Normal[Series[Tr[TT.u[mu]] * Tr[TT.u[mu]], {epsf, 0, 6}]1] // Expand;
normal  |serie traza traza expande fa
- Lagr4Scalar =

Normal[Series[F4n0 x 04 + F5n0 % 05 + F6nO x 06 + F7n0O % 07 + F8nO % 08 + F10n0 % 010 +
normal | serie

(F4nl x 04 + F5n1 x 05 + F6nl x 06 + F7nl x 07 + F8nl x 08 + F10n1 » 010) x epsf xH / vev +
(F4n2 * 04 + F5n2 % 05 + F6N2 x 06 + F7n2 » 07 + F8n2 x 08 + F10Nn2 % 010) *
epsfr2xHA2/vev”r2 +F1On3 x 010 x epsfA3 +xHA3 /vevA3 +

F10n4 + 010 x epsf*4 xH 4 / vev 4, {epsf, 0, 6}]1];

L4 FS

P-even
n= 01 = Normal[
normal

Series[1/4 xTr[fplus[mu, nu].fplus[mu, nu] - fminus[mu, nu].fminus[mu, null,
serie traza

{epsf, 0, 6}]] // Expand;
expande factores
= 02 = Normal[
normal
Series[1/2Tr[fplus[mu, nu].fplus[mu, nu] + fminus[mu, nu].fminus[mu, null,
serie traza
{epsf, 0, 6}]] // Expand;

expande factores

1= 03 = Normal[Series|[

normal  Lserie
I/2%Tr[fplus[mu, nu].(u[mu].u[nu] -u[nu].u[mul)], {epsf, 0, 6}]1 // Expand;
nime- |traza expande facl

1= 09 = Normal[Series[
normal  |serie
1/vevxdel[epsfxH, mu] » Tr[fminus[mu, nu].u[nul], {epsf, 0, 6}]1] // Expand;
traza expande factc

n-)= 011 = Normal[Series[XX[mu, nu] * XX[mu, nu], {epsf, 0, 6}]] // Expand;

normal serie expande fa

P-odd
;= 001 = Normal[Series[I /2 Tr[fminus[mu, nu]. (u[mu].u[nu] -u[nu].u[mu])],
normal  |[serie nime-- [traza
{epsf, 0, 6}]1 // Expand;
expande factores

1= 002 = Normal[Series[ Tr[fplus[mu, nu].fminus[mu, nu]l, {epsf, 0, 6}1] // Expand;

norma serie traza expande fa
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EWET FeynRules.nb | 5

- 003 = Normal[Series[

normal  |serie
1/vevxdel[epsf*H, mu] » Tr[fplus[mu, nu].u[nul], {epsf, @, 6}]] // Expand;
traza expande factore
)= LagraFs =
Normal[Series[F1n0 + O1 + F2n0 02 + F3n0 % 03 + FOnO % 09 + F11n0 % 011 + FF1nO % 001 +
normal serie

FF2n0 x 002 + FF3n0 * 003 + (F1n1 % 01 + F2n1 % 02 + F3n1 * 03 + FO9n1 x 09 + F11nl1 » 011 +
FF1nl % 001 + FF2n1 %« 002 + FF3nl » 003) * epsf «H/ vev +

(F1In2 x 01 + F2n2 %+ 02 + F3n2 * 03 + F9n2 %+ 09 + F11n2 » 011 + FF1n2 x 001 +
FF2n2 % 002 + FF3n2 x 003) x epsfA2xH A2/ vevA2 +

(FIn3 %01+ F2n3 * 02 + F3n3 * 03 + FOn3 % 09 + F11n3 » 011 + FF1n3 » 001 +
FF2n3 % 002 + FF3n3 x 003) » epsfA3 xHA3 /vevA3 +

(F1n4 % 01 + F2n4 % 02 + F11n4 % 011 + FF2n4 » 002) « epsf 4«

H"4 /vevAr4, {epsf, 0, 6}1];

Lagrangian

L4 Lagrangian with up to 6 particles vertices

- SixPartVertsLagr =
Normal[Series[Lagr2Scalar + Lagr2FS + Lagr4Scalar + Lagr4fFs, {epsf, 0, 6}1] /.

normal serie

{epsf > 1};

- WriteFeynArtsOutput[SixPartVertsLagr,

Output - "SixPartVertsLagr", CouplingRename » False, MaxParticles - 6];
falso

- - - 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: I / 384.

384 vertices obtained.
mytimecheck,after LGC
Writing FeynArts model file into directory SixPartVertsLagr

Writing FeynArts generic file on SixPartVertslLagr.gen.

43



6 | EWET FeynRules.nb

L4 Lagrangian with up to 4 particles vertices

-}~ FourPartVertsLagr =

Normal[Series[Lagr2Scalar + Lagr2FS + Lagr4Scalar + Lagr4Fs, {epsf, 0, 4}1] /.
normal | serie

{epsf - 1};

1~ WriteFeynArtsOutput[FourPartVertsLagr,

Output -» "FourPartVertsLagr", CouplingRename » False, MaxParticles - 4];
falso

- - - 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: N os4.

84 vertices obtained.
mytimecheck,after LGC
Writing FeynArts model file into directory FourPartVertsLagr

Writing FeynArts generic file on FourPartVertslLagr.gen.

L2 Lagrangian

;- LOLagr = Normal[Series[Lagr2Scalar + Lagr2FS, {epsf, 0, 6}]] /. {epsf » 1};
normal serie
= WriteFeynArtsOutput[LOLagr, Output - "LOLagr",

CouplingRename -» False, MaxParticles - 6];
falso
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EWET FeynRules.nb | 7

- - - 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: B/ 1e0.

169 vertices obtained.
mytimecheck,after LGC
Writing FeynArts model file into directory LOLagr

Writing FeynArts generic file on LOLagr.gen.

Vertices

3 particles vertices

- 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: I / 23.
23 vertices obtained.

3 i b3 MH?
o {{11H, 1), (H, 2}, (H,3)), -

1.

2ie?F10nlp,.ps Ziapz.pg}

vev

[ty 1y, tpio, 23, (pie, 333, -

,
c2vev? vev

[{ea, 1y, tpic, 23, {pic’, 3}},
o 41ieF3n0ps py.p; 41eF3n0p5 p;.ps
-iep+ieps+ - };
vev?

vev?

. . . 2e?F10n@ p;.p, 2e?F10n0p;.ps
{{{p'l@,l), (pic, 2}, {pic’, 3}}, P - 2 ey? }’
c2 vev cZvev



4 particles vertices

1= 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: N/ 61
61 vertices obtained.
ourre {{U1H, 11, (H, 2}, (H, 3}, (H, 4)},

12 i b4 MH? 81 F8nOp;.pspr.ps 81F8NOP;.p3sp2.ps 81F8nOP;.psPs.Pa
+ +

_ N },
vev? vev? vev? vev?
{{1A, 13, (A, 23, (pic, 3}, {piC’, 4}},

81ie?FlnO pi> pb' 41e?F3n0py?>p5t 41ie?F3n0p,ps? 41e?F3n0p,pyt

vev? vev? vev? vev?
4 i e? F3n0 p4! pi , 8ie”F1n0n,, ., P1-P2 41 e*F3n0n,,, ., P1.Ps
+2ie My sz + +
vev? vev? vev?
41e’F3n0n,, ., P1-Pa 41e?F3n0n, ., p.p3 41ie’F3n0n, ., pz.p4}
+ + s
vev? vev? vev?
) 4e3F1on0 py* 4 e FF1n0 p5' py1.ps
{{{A, 1}, {pio, 2}, {piC, 3}, {p1CT:4}}’_ + +

c2 vev? vev?

4 eFF1nO p,)' p1.p2 4eFFLnOp, pi.ps 4 eFFLnO p5l py.ps

_ _ } ,
vevs vevs vevs
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5 particles vertices

n-1- 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: B/ 110,

110 vertices obtained.
ourie {{{H, 1}, (H, 2}, (H, 3}, (H, 4}, (H, 5}},

60 i b5MH?> 81 F8Nlp;.psp,.-p3 81iF8nlpi.psps-ps 81 F8N1pi.psps-pa
- + + + +

3 vev® vev® vev®

81 F8nlp;.pspz.ps 81F8nNlpi.p3py.ps 81 F8nlpi.psap2.ps
+ + +

vev

vev® vev® vev®

81 F8Nlpi.p2ps.ps 81F8nlp;.psps.ps 81 F8NLlpy.psps.ps
+ + +

vev® vev® vev®

81 F8nlp;.p2p3.ps 81iF8nlp;.psps.ps 81 F8nlpy.psps.ps
+ + +

5 5 5

vev vev vev
81 F8nlpi.pypsa.-ps 81 F8nNLlpi.p3ps.ps 81'1F8nlp2.p3p4.p5}
+ + ,
vev® vev® vev®

. . 81 e” F1nl pi? p4’
{{{As 1}) {A: 2}’ {H: 3}’ {p‘IC, 4}’{p1CT:5}}7’—’
vev?

43 e’ FIn0ptpyt 4ie’Fon0phpy? 4ie?F3nlpi®pyt 41ie?F3nlphypy?

vev? vev? vev? vev?

41ie?F3nlpi®pst 4ie?F3nlpypy 4iae’n,, 8ie’Flnln,,,pi.p:
- + +

.
vev? vev3 vev vev3

41e’Fon0n,, ., P1.-P3 41ie’F3nln, ., pi1.pa 41ie?F3nln, ., P1-Ps
+ + +
vev? vev?

vev?

4ie?F9n0n,, ., P2.p3 41e’>F3nln, ., p2.ps 41ie*F3nln,, ., P2-Ps

+ + ]
vev3 vev3 vev3 47




6 particles vertices

= ThreePartVerts =
FeynmanRules[SixPartVertsLagr, MaxParticles » 6, MinParticles - 6]

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: N/ 190.

190 vertices obtained.
ourr {{TUH, 11, (H, 2}, (H, 31, (H, 4}, (H, 5}, (H, 6},

360 i b6 MH2 161 F8N2p;.psps.ps 161 F8N2p;.pspa.ps 161 F8N2 py.ps Pa-P3
- + + + +

4 6 6 6

vev vev vev
161 F8n2 py.p3 p2-ps 161 F8N2p;.pspr.ps 161 F8N2p;.ps P2-Pa
+ + +

vev

vev®

16 i F8N2 p;.p3 p2-Ps
+

vev®
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¥

vev®

16 i F8N2 p;.p3 p2-Ps
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Hermiticity

= 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.
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BACKUP. Extra vertices Checks
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CHECKS: VERTICES

FEYNCALC Ref. [6]

M = ExpandScalarProduct[FCFAConvert[CreateFeynAmp[diags], IncomingMomenta -» {pl},
OutgoingMomenta - {kl1, k2}, List » False, ChangeDimension - 4, DropSumOver - True, SMP - True, Contract - True]]

lista falso verdadero verdadero verdaderc
2a (kI-K2)
'LU+, P2
n /
- / .
-7 2ia
v 2. h, pp — =5 (p2ps)
Ve . \
_ &« —1— (k1 kz) \
S v —
H ~ w ,P3
T~
[6] R. DELGADO LOPEZ, STUDY OF THE ELECTROWEAK SYMMETRY BREAKING SECTOR FOR THE LHC, IST ED., SPRINGER THESES 5 I
(SPRINGER CHAM, 2017).



CHECKS:VERTICES

FEYNCALC

M = ExpandScalarProduct[FCFAConvert[CreateFeynAmp[diags], IncomingMomenta -» {pl},

OutgoingMomenta -» {k1, k2}, List » False, ChangeDimension - 4, DropSumOver -» True, SMP -» True, Contract -» True]]
lista falso verdadero verdadero verdaderc

» [4ieF3nO(H»ﬁl)(H~E(pl)) ~ 4ieF3n0 (KT-pI) (K2 - £(pl))

2

o~ o —ie(KI-a(pl))+ie(k2- E(pl))]

It -~ = ie(kz — kl)“-i-

R
14 T i 30[(271’62)’01” (p1k1)k2,)
T~

[6] R. DELGADO LOPEZ, STUDY OF THE ELECTROWEAK SYMMETRY BREAKING SECTOR FOR THE LHC, IST ED., SPRINGER THESES

(SPRINGER CHAM, 2017).

z"3(172;1 - Psy)

— 1892 [(p1pg)pa , — (p1p2)psy]

_ Fz0— Fio
az = 2 )

_ Fzot Fio
BETTT

52



CHECKS: VERTICES

FEYNCALC

M = ExpandScalarProduct [FCFAConvert [CreateFeynAmp[diags], IncomingMomenta - {pl},

OutgoingMomenta - (k1, k2}, List » False, ChangeDimension -4, DropSumOver - True, SMP » True, Contract - True]] /. {SMP["e"] - g sw)

lista falso verdadero \verdadero verdadero
[ v i ok Wi
-i —mlg(f'(kl)-E(pl))([?[-f'(kl))(cw (g sw* (-4 F200 + F3n0 + FF1n0 - 4 FF2n0) + 2 sw”) + g sw* (2 F1n0 - F3n0 + FF1n0)) +
! 22 2N\t ot W,
Wﬁg(pl~5‘(k1))(5~(k2)-s(pl])(cw (g sW (—4F2n0+F3n0+FF1n0—4FF2n0)+25w)+g sw' (2Fln0—F3n0+FF1n0))+ P VSM ~ — l c [ _ + - + —p_ ]
8 kD) 2220 (KL (ph) e (g2 w2 (4 F200 + F3n0 + FFIn0 — 4 FF200) + 2.5w2) + g% 59! (F3n0 + FFIN0)) g (K1) -2-(K2) (K2 o) e (62 5w2 (4 F200 + F3n0 + FFIn0 — 4 FR210) + 2 5w2) + g% sw! (F3n0 + FFIn0) W;Wp Zy, 8Cw gVV(pO p+)P gVP(p PO)# gIlP(p'i‘ p )V
2cwsw? 2cwsw?
ig (KT & (k2) (& (k1) - &(p1)) (cw? (g% sw? (=4 F2n0 + F3n0 + FF1n0 - 4 FF2n0) + 2 sw?) + g% sw* (F3n0 + FF1n0)) i g (KZ- & (k1)) (& (k2) - &(p1)) (cw? (g% sw? (=4 F2n0 + F3n0 + FF1n0 — 4 FF2n0) + 2 sw?) + g sw# (F3n0 + FF1n0)) Z.,
2cwsw? * 2 cwsw?
= —igwew [guv(p1 + k1)p+
wik .
—9ov(P1 + k2)u — gup (k1 — k2)u] + g EChL . ig® 5
" W Vwiwz, = Vwiwz T a{“s [8ue(P+ = P-)v + g (cPo = P+)s
+iﬂ{—}-73’0 + 10 [9uup (k2 — 1)+ 2
up v
w ew 2 g +8up(P- = Copo)y] + % (a1 = 22) [Pougop — Popsw] |
v
+QMV(C%VP1 +k1)p+ gup(—k2 — C%Vpl)u] +
V4
w Fso — Fi -
+3|2/V |:}-1,0 - % (gupplu - guvplp)+ a; = ]:i,O for i= 1,4,5
- Fs0—Fio
+2¢ly (Fz.0 — F2,0) [gup (k2 — k1)u ap =,
Fso+ F
+guv(P1 + k1)p — gup(p1 + k2)ul} a3 = _y

[7] C. GARCIA-GARCIA, NEW PHYSICS SIGNALS OF THE ELECTROWEAK CHIRAL LAGRANGIAN IN VECTOR BOSON SCATTERING
AT THE LHC (2020).
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CHECKS: VERTICES

FEYNCALC Ref. [7]

M = ExpandScalarProduct[FCFAConvert[CreateFeynAmp[diags], IncomingMomenta -» {pl, p2}, OutgoingMomenta » {kl1, k2}, List » False, ChangeDimension -4,

lista falso
DropSumOver - True, SMP -» True, Contract - True]]
verdadero verdadero verdadero z’ p2 w+’ pl
(2 (KT-K2) (cw? vev? + 8 €2 FI0n0) i (KT - pI) (cw? vev? +4 2 FI0n0) i (KT - p2) (cw? vev? + 4 2 F10n0) N ,
_t[ 3 cw? vevt * 3 cw? vev? - 3 cw? vevt * N N .7 i 9 9
i (R2- pT) (cw? vev? + 42 F10n0) i (RZ- p2) (cw? vev? +4.¢2 FI0n0) 164 Fdn0 (KT-52) (R2-pT) 167 F4n0 (KT-pT) (R2-p2) 32 F5n0 (KT-K2) (pT-52) 2 (pT-2) ,/<\ 37[ (P1ps + p2ps) + (p1 + pa)’]
3 cw? vevt 3 cw? vevt vev* vev?* vev?t 3 vev? /’ \\
% Ps W, Pa
i 2
= 25 {2[(k1k2) + (p1p2)] + (p1 + p2)"}+ ‘
2 { 16ia.
v w®, py we,ps | —or Ai2)(P2ps) + (1ps) (P23 sbea
.16 N +[(P1p2) (P3pa) + (P1P4) (P2P3)]64,c0.a
~. 0 - +i—{Fuo0l(kip2)(kep1) + (k1p1)(kap2)]+ e
“ea 7'{ - v2 { [(k1p2) (k2p1) + (k1p1)(k2p2)] ,’E(\ +[(p1p2) (p3pa) + (Plps)(pzp4)]5a,d5b,c}
T "~ - . 0 4 32ia;
a7 +2F5,0(k1kz) (prp2) } w', po whpe | F vt {[(1p2) (psps)]Bapbic
R RN ) +[(p193) (P2P1))6a,c0,4 + [(P1P4) (P2P3)]8a,abbc }
.4e” Fio,0 2
+'LT[4(klk2) + (pl +p2) ]
a; = f,‘,’o for i= 1,4,5
[6] R. DELGADO LOPEZ, STUDY OF THE ELECTROWEAK SYMMETRY BREAKING SECTOR FOR THE LHC, IST ED., SPRINGER THESES 54
(SPRINGER CHAM, 2017).



CHECKS: VERTICES

FEYNCALC Ref. [7]

M = ExpandScalarProduct [FCFAConvert [CreateFeynAmp[diags], IncomingMomenta » {pl, p2}, OutgoingMomenta - {k1, k2}, List » False, ChangeDimension -4,
lista falso

DropSumOver - True, SMP - True, Contract - True]]
verdadero verdadero verdadero

(ibe? (e(pl)-£(p2) 4ic? (F2n2 + FF2n2) (pT- &(p2)) (P2- 5(p1)) 4 éc? (F2n2 + FF2n2) (pT - p2) (s(p1) - 5(p2)) 2 i e? FonO (KT-K2) (s(p1) - &(p2)) i e? F7n0 (KT - 5(p2)) (K2 - &(p1) +
"[ e o ver? - o ver? - o ver? - v - wi T H
ie? Fn0 (KT - 2(pl)) (K2 - £(p2) i e* (F9nl + FF3nl) (pI - £(p2)) (KT - &(pl) + K2 - &(p1)) i e* (F9nl + FF3nl) (p2 - &(pl)) (KT - &(p2) + KZ- £(p2)) i e (F9nl + FF3nl) (s(pl) - £(p2)) (KT - pI + KT - p2 + K2 pI + K2 - p2) e .
7 ver? " 25w vor® * 2ew ver? B 2w ver? P M 19?2
. VWiw, ue = 5 8w
. u Wy 2
W “H
bgy
= z%gw+
293 F
ﬂ%(’“lkzwwﬂ'
2 Wt ,H
_iw(klul‘&p + k1pukoy)+ s L
v , gz
e 1
) 5 VSM — VSM o b _ 1
_HW [p1v (k1 + k) .+ \\\ W,}"WV_HH W,],"WV_HH + 2 ( )g}“’
W SUH
+p2, (b + k2)w — (1 + p2)?gu]+ v
Agly (Fap + F
+1W[pwpzu — (P1p2) g
[7]1 C. GARCIA-GARCIA, NEW PHYSICS SIGNALS OF THE ELECTROWEAK CHIRAL LAGRANGIAN IN VECTOR BOSON SCATTERING 5 5
AT THE LHC (2020).



CHECKS:VERTICES

FEYNCALC

M = ExpandScalarProduct [FCFAConvert [CreateFeynAmp[diags], IncomingMomenta - {pl, p2},

OutgoingMomenta - {k1, k2, k3}, List » False, ChangeDimension -4, DropSumOver - True, SMP - True, Contract -»True]] /. {b -0, F6n® -0, F7n0 » 0, Fonl -0}
lista falso verdadero \verdadero \verdadero

7i[8ieF3n2(kT~§Z)(ﬂ‘F(kl))7 SieFSnZ(H‘Ef)(fZ‘F(kl))]

vev vev

2be
= Zv—z(m —p1)ut

8 F
= Go(k‘zk‘:z)(lh p2)ut

4 F
v = 70[k (p1 — p2)kzu+
e
T - +ka(p1 — p2)kau]+
- - H
P JT 28]:91

——[k1(p1 — p2) (k2 + k3)u+

—k1 (k2 + k3)(p1 — p2) ]+

.8
+352 (o1, — (kap)pa]

Ref. [7]

[6] R. DELGADO LOPEZ, STUDY OF THE ELECTROWEAK SYMMETRY BREAKING SECTOR FOR THE LHC, IST ED., SPRINGER THESES

(SPRINGER CHAM, 2017).
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