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Abstract
We describe the implementation of the Standard Model plus DY model using the FeynRules package.

Contents
1 Introduction 2
2 Gauge Symmetries 2
3 Fields 3
3.1 Spin 2 Fields . . . . . . . e e 3
3.2 Vector Fields . . . . . . e 3
3.3 Fermion Fields . . . . . . . e 3
3.4 Scalar Fields . . . . . . . 3
3.5 Ghost Fields . . . . . . . 4
4 Lagrangian 6
T 6
4.2 Lo o o 6
4.3 L o o 6
S 6
A5 Ly o o e e 6
4.6 Lo . o o 6
5 Parameters 7
5.1 External Parameters . . . . . . . . . 7
5.2 Internal Parameters . . . . . . . . . 16
6 Vertices 18
6.1 VL o 18
6.2 Vo 18
6.3 V3 o 18
6.4 Vi o 19
6.5 Vs o o e e 19
6.6 Vo o o e e 19
List of Tables
1 Gauge GrouPS . . . . . v v v vt e e e e 2
2 Indices . . . . o 2
3 Physical Spin 2 Fields . . . . . . . . . . . e 3
4 Physical Vector Fields . . . . . . . . . o e e 3
5 Unphysical Vector Fields . . . . . . . . . o o o e e 3

*email: neil@hep.wisc.edu



6 Physical Fermion Fields . . . . . . . . . o o 4
7  Physical Scalar Fields . . . . . . . . . . e e e 4
8 Physical Ghost Fields . . . . . . . . e 4
9 Unphysical Ghost Fields . . . . . . . . o o 5
10 External Parameters . . . . . . . . . . . e 7
11 External Parameters . . . . . . . . . . . e e e 8
12 External Parameters . . . . . . . . . . e e e e e 9
13 External Parameters . . . . . . . . . . . e 10
14  External Parameters . . . . . . . . . . . e 11
15  External Parameters . . . . . . . . . . . e 12
16  External Parameters . . . . . . . . . . L e e e e e e 13
17  External Parameters . . . . . . . . . . e e e 14
18 External Parameters . . . . . . . . . . e e e e e 15
19 Internal Parameters . . . . . . . . . . L e 16
20 Internal Parameters . . . . . . . . . . e 16

1 Introduction

We describe the implementation of the Standard Model plus DY model using the FeynRules [1] package.

2 Gauge Symmetries

The gauge group of this model is

UlY x SU2L x SU3C. (1)

Details of these gauge groups can be found in Table 1.

) Gauge | Coupling Structure | Symmetric
Group. | Abelian Boson | Constant Charge Constant Tensor Reps Defs
U1y T B gl Y
SU2L F Wi gw Eps FSU2Ly ), | FSU2L[a$_, b$_, ¢$_] — -1 Eps[a$, b3, c$]
Su3C F G gs f dSUN T FSU3Cla$_, b$_, c¢$_] — -I fla$, b$, c$]
FSU3C,

Table 1: Details of gauge groups.

The definitions of the indices can be found in Table 2.

Index Symbol | Range
Generation f 1-3
Colour i 1-3
Gluon a 1-8
SU2W k 1-3

Table 2: Definition of the indices.



3 Fields

In this section, we describe the field content of our model implementation.

3.1 Spin 2 Fields

In this subsection, we describe the spin 2 fields of our model. The details of the physical spin 2s can be found in Table 3.

Class | SC | T | FI | QN | Mem M W PDG
™V T ™V MTV= 1000 WTV=20
TVP | F Q=1| TVP | MTVP= 1000 | WTVP= 20

Table 3: Details of physical spin 2 fields. The headers are as follows: SC = self conjugate, I = indices, FI = flavor index, QN
= quantum numbers, Mem = members, M = mass, W = width, and PDG = particle data group number.

3.2 Vector Fields

In this subsection, we describe the vector fields of our model. The details of the physical vectors can be found in Table 4.

Class | SC | T | FI| QN | Mem M W PDG
A T A 0 0 22
7 T 7 MZ= 91.1876 | WZ=2.4952 | 23
W F =1 W MW= Internal | WW= 2.085 24
G T |a G 0 0 21

\'AY% T \'AY% MVV= 1000 WVV= 20

VVP | F Q=1]| VVP | MVVP= 1000 | WVVP= 20

Table 4: Details of physical vector fields. The headers are as follows: SC = self conjugate, I = indices, FI = flavor index,
QN = quantum numbers, Mem = members, M = mass, W = width, and PDG = particle data group number.

The details of the unphysical vectors can be found in Table 5.

Class | SC | I | FI | QN | Mem Definitions

. . . Wt W,
Wi T | k| k Wi Wi, 1 — —Vz
(W W, ")
V2
Wi, 3 — swAyu + cwZy
B T B B, — cwAy — swZy

Wi'u_Q — —

Table 5: Details of unphysical vector fields. The headers are as follows: SC = self conjugate, I = indices, FI = flavor index,
QN = quantum numbers, and Mem = members.

3.3 Fermion Fields

In this subsection, we describe the fermion fields of our model. The details of the physical fermions can be found in Table 6.

3.4 Scalar Fields

In this subsection, we describe the scalar fields of our model. The details of the physical scalars can be found in Table 7.
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Class | SC | T | FI QN Mem M W PDG
vl F f f | LeptonNumber =1
ve 12
v 14
vt 16
1 F f f Q=-1 Ml
LeptonNumber = 1 e Me= 0 11
m MM= 0 13
tt MTA= 1.777 15
uq F |fi] f Q=2/3 Mu
u MU= 0 0 2
c MC=0 0 4
MT=174.3 | WT= 1.50834 6
dgq F | fi] f Q=-1/3 Md
d MD=0
s MS=10 3
b MB= 4.7 5

Table 6: Details of physical fermion fields. The headers are as follows: SC = self conjugate, I = indices, FI = flavor index,
QN = quantum numbers, Mem = members, M = mass, W = width, and PDG = particle data group number.

Class | SC | I | FI | QN | Mem M W PDG
H T H MH= 120 WH= 0.00575309 | 25
phi T phi MZ= 91.1876 Wphi 250

phi2 | F Q=1 | phi2 | MW= Internal Wphi2 251
SV T SV MSV= 1000 WSV= 20

SVP | F Q=1| SVP | MSVP= 1000 WSVP= 20

Table 7: Details of physical scalar fields. The headers are as follows: SC = self conjugate, I = indices, FI = flavor index, QN
= quantum numbers, Mem = members, M = mass, W = width, and PDG = particle data group number.

3.5 Ghost Fields

In this subsection, we describe the ghost fields of our model. The details of the physical ghosts can be found in Table 8. The

Class | SC | I | FI QN Mem M W | PDG
ghA F GhostNumber = 1 ghA 0
ghZ F GhostNumber = 1 ghZ MZ= 91.1876
¢ghWp | F Q=1 ghWp | MW= Internal
Ghost Number = 1
¢ghWm | F Q=-1 ghWm | MW= Internal
GhostNumber = 1
ghG F |a GhostNumber = 1 ghG 0

Table 8: Details of physical ghost fields. The headers are as follows: SC = self conjugate, I = indices, FI = flavor index, QN
= quantum numbers, Mem = members, M = mass, W = width, and PDG = particle data group number.



Class | SC | I | FI | QN | Mem Definitions
ehWi | F | k| k ghWi ghWi, — _gth-;gth
. i(ghWm—gh
ghWi, — — (ghW ﬁg Wp)
ghWi; — ¢, ghZ + ghAs,,
ghB F ghB ghB — ¢, ghA — ghZs,,

Table 9: Details of unphysical ghost fields. The headers are as follows: SC = self conjugate, I = indices, FI = flavor index,
QN = quantum numbers, and Mem = members.

details of the unphysical ghosts can be found in Table 9.



4 Lagrangian

In this section, we describe the Lagrangian of our model implementation.

4.1 L,

SV (_%gsg (_al/ [Gu,a] + au [Gu,a] + gsfa,a2$254,a3$254G,u,a2$254Gv,a3$254) (_611 [Gu,a] + 6u [Gu,a] + gSfa,a2$255,a3$255G,u.,a2$255Gv,a3$25£
4.2 Lo

_%ngaOt [Vva] (_al/ [Gu,a] + aﬂ [Gl&a] + gsfa,a2$256,a3$256G,u.,a2$256Gv,a3$256) (_611 [Gﬂya] + BM [Gu,a] + gSfa,a2$257,a3$257G,u.,a2$257Gv,2

dq,.; - (rs"8Vd; ; + 8Ad; ;7" 70 s) dd, o + Lrie (Vs 8V + AL Y750 s) e 4+ UG, o (Vrs8VY, j + AW, 7795, 6) g, ;
4.3 I

_%ng (8,u [Ga,a] - aa [G,u,a] =+ gsfa,a2$258,a3$258Ga,a3$258Gu,a2$258) (8,u [Gﬁ,a] - aﬁ [G,u.,a] + gsfa,a2$259,a3$259Gﬁ,a3$259Gu,a2$259) Tva,

{ ((gTdi,j'dqu,i,a - gUdi,j'dqr,i,a7r7r15> . (au [dqs,j,a] ’le,su + aﬂ [dqs,j,a} Vrl,sy) + ngi,j-lrl,i - gUli,j'lr,i’Yr,rlf)) . (al/ [ls,j] ’le,su -

{ ((au |:dqs,i7a:| ’75,1?1” + au |:dqs,i,a:| ’75,r1u> . (gde7i*-dqr1,j,a + gUdj,i*'dqr,j@'le,TS) + (611 |:ls,i:| ’75,1?1” + au |:ls,i:| Ws,rll/) . (ngj,z*

4.4 L,
Svpt (hsqj,i*dqs,i,a'uqs,j,a +hSl; "1, .vls 5 + ithj‘)i*dana-uq57j1aﬁ)/r,s5 + thPl; ;" lrﬁi.vlsyj'ynsf’) +

SVP (iv_lni.zs,j%ﬁhpli,j iy, 00y o Yrs TP ; + Vi s.ds shSL,j + Jqs,i7a.dqs,j7ahsqi,j>

4.5 Ls
VVP#Jf (thjﬂ-*qu’iya.uqryjﬁa'ysm“ +hVl;i* L vl jys ot + hqu_’i*dqsﬂiya.uqrﬁjya”y“.’yi,r + hAl;;*1 Syi.vlrﬁj’y“.'yiyr) +

VVP, (Vls,z'-lr,ﬂs,r“hvh',j + UGy 0-ddy 5oV, BV j + Vsl hAL Y05 + u_qs,i,a-dqr,j,ahAqi,j7“-75s,r>

7 (thi,j-Vlrl,i — hUli,j-Vlr,i7r7r15> . (BU [157]‘] Vrl,su + aﬂ [ls,j] ’)/rl)su) + (thi,j'qul,i,a — thiJ-uiqr,i’a’Yr,rlS) . (8,, [dq&j)a} ’7r175p' + (9;

hYlj-,i*-lrLi - thj-,i*-lm”Yr,rl5 . (81, [Vls,j] Yr1,s" A+ 8# [Vls,j] ’le,sy) + hYQj,i*-erl,i,a - thJ',i*-dqni,a”Yr,r15 . (81/ [uqs,j,a] Mr1,s’

i <(3u [lqu,i,a] Y1t 4 0y [lqu,i,a] %,rl”) - (hYq, ;.dayy ; +0Zq; ;.da, ; e10”) + (&/ [Vls,i] Y1t 4 Oy {Vls,i] Vm”) - (WYL,

(au |:dq51i7a:| ’75,1?1” + aﬂ |:dqsyi,a:| Ws,rlu> . (thJ'_,i*-U-qu,j,a + thj,i*'uqryj,aer,T‘E) + (au |:ls,i:| ’75,1?1” + au |:ls,i:| Vs,rll/) . (thj,l*



5 Parameters

In this section, we describe the parameters of our model implementation.

5.1 External Parameters

In this subsection, we describe the external parameters of our model.

The details of the external parameters can be

P C| 1 A% D PN BN OB 10 Description
aEWM1 | F 127.9 aEWM1 | SMINPUTS QED, -2 | Inverse of the electroweak
coupling constant
Gy F 0.0000116637 SMINPUTS QED, 2 | Fermi constant
Qs F 0.1184 aS SMINPUTS QCD, 2 | Strong coupling constant at
the Z pole.
ymc F 0. YUKAWA 4 Charm Yukawa mass
ymb F 4.7 YUKAWA 5 Bottom Yukawa mass
ymt F 174.3 YUKAWA 6 Top Yukawa mass
ymtau | F 1.777 YUKAWA 15 Tau Yukawa mass
0. F 0.227736 CKMBLOCK Cabibbo angle
gSu Fl6f] gS5uy,; —0. QED, 1 | Neutral Scalar - up quark
gSuy 5 — 0. coupling constant
gSuy 3 — 0.
gSuy ; — 0.
gSuy o — 0.
gSuy 3 — 0.
gSuz ; — 0.
gSuz 5 — 0.
gSuz 3 — 0.
gPu Flff] gPu, —0. QED, 1 | Neutral Pseudoscalar - up
gPu; o — 0. quark coupling constant
gPu; 3 — 0.
gPuy ; — 0.
gPuy 5 — 0.
gPuy 3 — 0.
gPu; ; — 0.
gPuz , — 0.
gPu3 3 — 0.
gSd Flff] g5, —0. QED, 1 | Neutral Scalar - down quark
g5d; 5, — 0. coupling constant
g5d; 3 — 0.
g5dy; — 0.
gSdy o — 0.
gSdy 3 — 0.
gSdz; — 0.
gSdz 5 — 0.
gSd; 3 — 0.

Table 10: Details of external parameters. The headers are as follows: P = parameter, C = complex, I = indices, V = value,

D = definition, PN = parameter name, BN = block name, OB = order block, and IO = interaction order.




\Y

PN

BN

OB

10

Description

gPd

gSl

gPl

g5g

gVu

f, f

f, f

)

f, f

f, f

ghPd; ; — 0.
gPd; o — 0.
gbd; 3 — 0.
gbPdy ; — 0.
gPdy 5 — 0.
gPdy 3 — 0.
gbd; ; — 0.
gbPd; » — 0.
gPd3 3 — 0.
gSl, ; — 0.
gSl o — 0.
gSl; 5 — 0.
gSl, 1 — 0.
gSly o — 0.
gSly 3 — 0.
gSl; 1 — 0.
gSl; o — 0.
gSl; 5 — 0.
gPl, ; — 0.
gPl, , — 0.
gPl; 3 — 0.
gPly; — 0.
gPly 5 — 0.
gPly 3 — 0.
gPl;; — 0.
gPl; o — 0.
gPl; 3 — 0.
0.

gVu, ; — 0.
gVu, , — 0.
gVu; 3 — 0.
gVuy; — 0.
gVu, 5 — 0.
gVu, 3 — 0.
gVu; ; — 0.
gVuz 5 — 0.
gVu; 3 — 0.

QED, 1

QED, 1

QED, 1

QED, 1

QED, 1

Neutral Pseudoscalar - down

quark coupling constant

Neutral Scalar - charged

lepton coupling constant

Neutral Pseudoscalar -
charged lepton coupling
constant

Neutral Scalar - gluon
coupling constant
Neutral Vector - up quark

coupling constant

Table 11: Details of external parameters. The headers are as follows: P = parameter, C = complex, I = indices, V = value,

D = definition, PN = parameter name, BN = block name, OB = order block, and IO = interaction order.

found in Tables 10, 11, 12, 13, 14, 15, 16, 17, 18.




P C| I Vv D | PN | BN | OB 10 Description

gAu | F | f] gAu; — 0. QED, 1 | Neutral Axial vector - up
gAu, 5 — 0. quark coupling constant
gAu, 3 — 0.
gAuy; — 0.
gAuy 5 — 0.
gAuy 3 — 0.
gAuz ; — 0.
gAuz 5 — 0.
gAuz 3 — 0.
gvd | F |, f | gVdy; —0. QED, 1 | Neutral Vector - down quark
gVd, 5 — 0. coupling constant

gVd, 3 — 0.
gVd,; — 0.
gVd, 5, — 0.
gVdy 5 — 0.
gVds, — 0.
gVd; , — 0.
gVds 5 — 0.
gAd | F | £, f| gAd;; — 0. QED, 1 | Neutral Axial vector - down
gAd; , — 0. quark coupling constant
gAd; 3 — 0.
gAdy; — 0.
gAdy 5 — 0.
gAdy 3 — 0.
gAdz ; — 0.
gAdz 5 — 0.
gAdz 3 — 0.
gVl | F | ] gVl; =0 QED, 1 | Neutral vector - charged
gVl 5 — 0. lepton coupling constant
gVl 3 — 0.
gVl,; — 0.
gVly, — 0.
gVly 3 — 0.
gVl; ; — 0.
gVl; 5 — 0.
gVl; 3 — 0.

Table 12: Details of external parameters. The headers are as follows: P = parameter, C = complex, I = indices, V = value,
D = definition, PN = parameter name, BN = block name, OB = order block, and IO = interaction order.



\Y

PN

BN

OB

10

Description

gAl

gVg

gTu

gUu

gTd

f, f

f, f

f, f

f, f

gAl; — 0.
gAl; , — 0.
gAl; 5 — 0.
gAly; — 0.
gAly 5, — 0.
gAly 5 — 0.
gAl;; — 0.
gAl; 5 — 0.
gAl; 5 — 0.

gTul_’1 — 0.
g’I‘ul_’2 — 0.
gTu; 3 — 0.
gTu, ; — 0.
gTuQ_’2 — 0.
gTuQ_’3 — 0.
g’I‘ug_’1 — 0.
gTus o — 0.
gTu3,3 — 0.
gUuL1 — 0.
gUu; 5, — 0.
gUuy 5 — 0.
gUuy; — 0.
gUuy o — 0.
gUuy 3 — 0.
gUuz; — 0.
gUuz 5, — 0.
gUuz 5 — 0.
gTd;; — 0.
gTd; , — 0.
gTd; 3 — 0.
gTd,; — 0.
gTdy 5 — 0.
gTdy 3 — 0.
gTd; ; — 0.
gTd; 5 — 0.
gTd; ;3 — 0.

QED, 1

QED, 1

QED, 1

QED, 1

QED, 1

Neutral axial vector -
charged lepton coupling

constant

Neutral Vector - gluon
coupling constant
Neutral Symmetric Tensor - up

quark coupling constant

Neutral axial Symmetric
Tensor - up quark coupling

constant

Neutral Symmetric Tensor -

down quark coupling constant

Table 13: Details of external parameters. The headers are as follows: P = parameter, C = complex, I = indices, V = value,

D = definition, PN = parameter name, BN = block name, OB = order block, and IO = interaction order.
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v

PN

BN

OB

10

Description

gUd

gTl

gUl

gTg

hSq

f, f

f, f

f, f

f, f

gUd; ; — 0.
gUd; , — 0.
gUd,; 5 — 0.
gUdy; — 0.
gUdy 5, — 0.
gUdy 5 — 0.
gUds; — 0.
gUds 5, — 0.
gUds 5 — 0.
gTl ;1 — 0.
gTly , — 0.
gTly 3 — 0.
gTly; — 0.
gTlly 5 — 0.
gTly 3 — 0.
gTl; ; — 0.
gTl; 5 — 0.
gTl; 3 — 0.
gUl; ; — 0.
gUly 5 — 0.
gUl; 3 — 0.
gUly ; — 0.
gUly 5 — 0.
gUly 3 — 0.
gUl; ; — 0.
gUl; 5 — 0.
gUl; 3 — 0.
0.

hSq; ; — 0.
hSql_’2 — 0.
hSq1,3 — 0.
hSqy ; — 0.
hSq, 5 — 0.
hSq, 5 — 0.
hSq3,1 — 0.
hSq3,2 — 0.
hSqz 3 — 0.

QED, 1

QED, 1

QED, 1

QED, 1

QED, 1

Neutral axial Symmetric
Tensor - down quark coupling

constant

Neutral Symmetric Tensor -
charged lepton coupling

constant

Neutral axial Symmetric
Tensor - charged lepton

coupling constant

Neutral Tensor - gluon
coupling constant
Charged scalar - quark

coupling constant

Table 14: Details of external parameters. The headers are as follows: P = parameter, C = complex, I = indices, V = value,

D = definition, PN = parameter name, BN = block name, OB = order block, and IO = interaction order.
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P C| 1 A% D | PN | BN | OB 10 Description

hPq | F | £, f| hPq; ; — 0. QED, 1 | Charged pseudoscalar - quark
hPq; o — 0. coupling constant

hPq; 3 — 0.
hPqy; — 0.
hPqy o — 0.
hPqy 3 — 0.
hPq3; — 0.
hPq3 o — 0.
hPqz 3 — 0.
hSI | F | f,f| hSL; — 0. QED, 1 | Charged scalar - lepton
hSl; 2 — 0. coupling constant
hSl; 3 — 0.
hSly; — 0.
hSly 2 — 0.
hSly 5 — 0.
hSl3 1 — 0.
hSl3 2 — 0.
hSl3 3 — 0.
hP1 | F | £, f | hPl;; — 0. QED, 1 | Charged pseudoscalar - lepton
hPl; 5 — 0. coupling constant

hPl; 3 — 0.
hPly; — 0.
hPly o — 0.
hPly 5 — 0.
hPl3 1 — 0.
hPl3 o — 0.
hPl3 3 — 0.
hVq | F | £, f | hVq; ; — 0. QED, 1 | Charged vector - quark
hVq; » — 0. coupling constant
hVq, 3 — 0.
hVg,; — 0.
hVqy 5, — 0.
hVq, 3 — 0.
hVq;; — 0.
hVq; o — 0.
hVq; 3 — 0.

Table 15: Details of external parameters. The headers are as follows: P = parameter, C = complex, I = indices, V = value,
D = definition, PN = parameter name, BN = block name, OB = order block, and IO = interaction order.
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P (O A% D | PN | BN | OB 10 Description

hAq | F | £, f | hAq; ; — 0. QED, 1 | Charged axial vector - quark
hAq; , — 0. coupling constant

hAq; 3 — 0.
hAqy; — 0.
hAqy 5 — 0.
hAqy 3 — 0.
hAqs; — 0.
hAqz, — 0.
hAqz 3 — 0.
hvl | F | f,f| hVl;; — 0. QED, 1 | Charged vector - lepton
hVl; o — 0. coupling constant
hVl; 3 — 0.
hVly; — 0.
hVly 2 — 0.
hVly 5 — 0.
hVlz 1 — 0.
hVl; 5 — 0.
hVl; 3 — 0.
hAl | F | f, f | hAL; — 0. QED, 1 | Charged axial vector - lepton
hAlL 2 — 0. coupling constant

hAlL 3 — 0.
hAly; — 0.
hAly 5 — 0.
hAly 3 — 0.
hAl3; — 0.
hAl3 5 — 0.
hAl3 3 — 0.
hTq | F | | hTq;; — 0. QED, 1 | Charged Symmetric Tensor -
hTqy 5 — 0. quark coupling constant
hTq; 5 — 0.
hTqy, — 0.
hTqy 5 — 0.
hTqy 5 — 0.
hTqs, — 0.
hTqs 5 — 0.
hTq3 5 — 0.

Table 16: Details of external parameters. The headers are as follows: P = parameter, C = complex, I = indices, V = value,
D = definition, PN = parameter name, BN = block name, OB = order block, and IO = interaction order.
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\Y

PN

BN

OB

10

Description

hUq

hYq

hZq

hT1

f, £

f, £

f, £

3

f, £

hUq; ; — 0.
hUq; 5 — 0.
hUq; 3 — 0.
hUqy ; — 0.
hUqy 5 — 0.
hUqy 3 — 0.
hUq;; — 0.
hUq; 5 — 0.
hUq; 3 — 0.
hYq,; — 0.
hYq; » — 0.
hYq; 3 — 0.
hYqy; — 0.
hYqy 5 — 0.
hYqy 3 — 0.
hYq;; — 0.
hYq; 5 — 0.
hYq; 3 — 0.
hZq, ; — 0.
hZq, 5 — 0.
hZq, 5 — 0.
hZqy, — 0.
hZqy 5 — 0.
hZqy 5 — 0.
hZqs, — 0.
hZqs 5 — 0.
hZqs 5 — 0.
hTL ; — 0.
hTl 2 — 0.
hTl; 3 — 0.
hTly; — 0.
hTly 2 — 0.
hTly 3 — 0.
hTl;; — 0.
hTl3 2 — 0.
hTl3 3 — 0.

QED, 1

QED, 1

QED, 1

QED, 1

Charged axial Symmetric
Tensor - quark coupling
constant

Charged Symmetric Tensor -

quark coupling constant

Charged axial Symmetric
Tensor - quark coupling
constant

Charged Symmetric Tensor -

lepton coupling constant

Table 17: Details of external parameters. The headers are as follows: P = parameter, C = complex, I = indices, V = value,

D = definition, PN = parameter name, BN = block name, OB = order block, and IO = interaction order.
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\Y

PN

BN

OB

10

Description

hUl

hYl

hZ1

f, £

3

f, £

f, £

hUl; ; — 0.
hUl; » — 0.
hUL; 3 — 0.
hUly; — 0.
hUly 2 — 0.
hUl, 5 — 0.
hUl3; — 0.
hUl3 2 — 0.
hUl3 3 — 0.
hYl; ; — 0.
hYl; » — 0.
hYl; 3 — 0.
hYly; — 0.
hYly 2 — 0.
hYly 5 — 0.
hYlz; — 0.
hYl; 5 — 0.
hYls; 3 — 0.
h7Zl, ; — 0.
hZl; » — 0.
hZl; 3 — 0.
hZl, — 0.
hZls » — 0.
hZly 3 — 0.
hZl5; — 0.
hZl3 > — 0.
hZl3 3 — 0.

QED, 1

QED, 1

QED, 1

Charged axial Symmetric
Tensor - lepton coupling
constant

Charged Symmetric Tensor -

lepton coupling constant

Charged axial Symmetric
Tensor - lepton coupling
constant

Table 18: Details of external parameters. The headers are as follows: P = parameter, C = complex, I = indices, V = value,

D = definition, PN = parameter name, BN = block name, OB = order block, and IO = interaction order.
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5.2 Internal Parameters

In this subsection, we describe the internal parameters of our model. The details of the internal parameters can be found

P C| 1 A% NV D PN 10 Description
agw | F Eq. 2 0.00781861 aEW QED, 2 | Electroweak coupling contant
My | F Eq. 3 79.8244 W mass
sw2 | F Eq. 4 0.233699 Squared Sin of the Weinberg
angle
e F Eq. 5 0.313451 QED, 1 | Electric coupling constant
Cw F Eq. 6 0.875386 Cos of the Weinberg angle
Sw F Eq. 7 0.483424 Sin of the Weinberg angle
Juw F Eq. 8 0.648397 QED, 1 | Weak coupling constant
g1 F Eq. 9 0.358072 QED, 1 | U(1)Y coupling constant
Js F Eq. 10 1.21978 G QCD, 1 | Strong coupling constant
v F Eq. 11 246.221 QED, -1 | Higgs VEV
A F Eq. 12 0.118764 lam QED, 2 | Higgs quartic coupling
F Eq. 13 84.8528 Coefficient of the quadratic
piece of the Higgs potential
yl F| f | Eq 14 y' — 0. yhy —0 Yyl — ye QED, 1 | Lepton Yukawa coupling
yla — 0. Yo =0 | ylo —ym
y's — 0.0102065 yls — ytau
yu F| f | Eq 15 y* — 0. y*1 — 0| y*1 —yu | QED, 1 | U-quark Yukawa coupling
Y2 — 0. Y2 — 0] y'2 —yc
y*s — 1.00112 yUs — yt
yd F| f | Eq. 16 y? — 0. y' — 0| yY —yd | QED, 1 | D-quark Yukawa coupling
ydy — 0. Yty — 0| yly —ys
y?3 — 0.0269953 y?s — yb
CKM | F | f | Eq. 17 CKM; ; — 0.97418 CKM-Matrix
CKM;,2 — 0.225773
CKM; 3 — 0.

CKM3, — —0.225773
CKM; 2 — 0.97418
CKM;s 3 — 0.
CKMs;; — 0.
CKMs3 2 — 0.
CKMs3 3 — 1.

Table 19: Details of internal parameters. The headers are as follows: P = parameter, C = complex, I = Indices, V = value,
NV = numerical value, D = definition, PN = parameter name, and 10 = interaction order.

P|C|I|V [NV |D]|PN]|IO | Description

Table 20: Details of internal parameters. The headers are as follows: P = parameter, C = complex, I = Indices, V = value,
NV = numerical value, D = definition, PN = parameter name, and 10 = interaction order.
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in Tables 19, 20. The values and definitions of the internal parameters will be written below.

My

1
EW T LEWMI
MZ?2 " MZ4 MZ2mogw
2 4 \/in
M2
SW2 = 1 — W
€ = 2\/%\/04}3\)\/
Cw = V1 —sw2
Sw = Vsw2
e
Juw = —
Sw
e
g1 = —
Cuw
gs = 2ﬁ\/ Qg
2Mwsw
V= —
e
_ MH?
T2
ITEERVEIEDY
yh 0
yla = 0
y13 _ ﬁy;ntau
y*1s = 0
yu2 . \/izmc
yu3 — \/izmt
yh = 0
yly = 0
de _ ﬁz}/mb
CKMl)l = Cos [90]
CKMLQ = Sin [96]
CKM;3 = 0
CKMg)l = —Sin [90]
CKMQ)Q = Cos [90]
CKMys = 0
CKMs; = 0
CKMs, = 0
CKMss = 1

17
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6 Vertices

In this section, we describe the vertices of our model implementation.

6.1 V;

G
G
SV

dq

dq
SV
l

l
SV
SV
uq

uq

6.2 V%

G
G
V'A%

dq

dq
VvV
l

I
vV
uq
uq
VvV

6.3 V;

G
G
TV

dq

dq
TV
l

l
™V
™V

uq

uq

_ W N =

W N~ WD =W N

W N = WD = WD =W N

=W N =W N

W N =W N

_Z.gSgpl'u2 p2,u1 5a1 a1 Z.gSg(Sal ao e, uaP1-P2

V52,81 5gPdf2 f1 6i1 BY) + ingfg 1 6i1 ,i2 552 ,S1

—’YsQ,S15gP1f2,f1 +1gSlg, ¢, 05, 5,

5 .
—Vs3,52 gPuf3,t'2 6i2,i3 + zgsufg,tééimis 553752

—gVegp#2 Pt 1 P33 da; ay + EVEDP3? Oay a0 Mur 112 P1 P2

: : 5
1Ys9,81 HSngté,fl 5i17i2 + ngdfz,fl 6i1,i27M3 Y s2,81

Wag "8V, ¢, +i8AL, 1775 Vs, 60

Z'Yszqslﬂggvufg,flallqlz + ZgAufg,fl 5117127#% Y s2,81

l?ngp1#3’2p2#3’l531,3277#17#2 + lZ:ngpl'uS’lp2'u3’25a1,a277,u17,u2 - ll:ngpllQp2#3’2531732n#17#3,1 -
%ZngpllQp2#3’1531132n#1,#3,2 - ZZ%Tgp1#3’2p2#153113277#27#3,1 - ZZngp1#3’1p2#1531@277#27#3,2 +
ZZngéal,aznul;Hs,znﬂzxus,l p;-p2 + Zngg&al;3277”17N3,177H27N3,2p1'p2

_ZgTdfl,& p2#3’2752751#3’1611,i2 - ZgTdfl,b p2#3’17821$1#3’2gi1712 + Zp1#3’2752181#3’1gTdf2,f15111152 +
Zplu?”l/ysmslHS’QgTdb,fléil;iz‘S_ ngdfl,b p2H3’26i1,i27M3’1"7 52;;1 + zplus’ngdb,fléil,iz’yug’l'/7 S2,81
. « .

ZgUdfhfz p2M3’16i1,i2’7M3’2"7 sa,51 T Zplus’lgUdfmﬁ5i17i2/y”3’2'7 S2,81

—igTly, p, Do’ Y5y, 5! — ingfl,fg*p2u3’1'7527S%H3’2 + ipl“f”*z%z,sl”“‘*lngfz,g +

) Iy 3’ _ ) * dl dl ) dl £ —
Z'pllt'a 1/712751 M3 2gT1f2)f15 nglf:leQ p2#2 27#2 1 Y 527;1 + Zpllt'a 2gU1f27f17#3 1'7 $2.51
ZgU]fhf2 p2#3,17#3,2.7 S350 +Zp1#3’1gU1f27f17#3’2.”)/ S2.81

_zg’I\ufz,f3 p3#1’2’753752#1’15i27i3 - zg’I\ufz,fg p3#1’1’753752#1’25i27i3 + zp2#1’2753,Szﬂl’lg’I‘ufg,fg(Si%is +
: : 2 5 : 5
Zp2#1’1753752#1’2gTut'g,f25i2713 - Zgqug,fg p3#1’25127137#1’1'7 sz, T Zp2#1’2gqu3,f25127137#1’1-FY $3,82

. * 5 - 5
igUuy, ¢, "DgH 1 0iy s Y120 55,80 + D21 18U, £, 01y 157727 55,5
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6.4

6.5

6.6

Vi

svpf
uq

SvP'
vl

SVP

vl
dq
SVP

uq

VVP

dq

uq
vvpf

vl
vvpf

Ve

TVP

vl

TVP
uq

TVP!
uq

TVP!
vl

W N =

S N N N O

W N =W N =

N =

W N = W N

W N =

* 5 . *
_thfg,fl Vs1,83 6i1,i3 +7’hsqf3,f1 5i17i3651,53

_hplfsyfl *751 ,S3 >+ ihSIfs 1 *581 183

~Vss,s1 5hP1f3 T ZhSlf’a Jf1 653 ,81

—Vs3,81 5thf3,f1 6i1 )iz + z'hsql°3,f1 5i17i3 653 ,S1

i’YSz ,S1 Hs thfz Nl ihAlfz Bl 7#3 "7582 ,S1

: : 5
1Ys9,81 H?’h\/qté,fl 5i17i2 + ZhAqu,fl 5i17i27H3'7 82,81

: - 5
Zthf27f1*’Ysl,52M35il,iz + ZhAqu,fl*éihiz/yus Y s1,82

ithf%fl */751752 s + ihA1f27f1 el -’7551752

ip1#2’2753751#2’1hT1f3,f1 =+ ip1#2’1783751#2’2hT1f37f1 - Z.p3'u2’2’}/53181#2’1h&qfsyfl - ip3#2’1753751#2’2hY1f37f1 +

- 5 - 5 . 5
Zp1M2,2hU]f31f1,-YM2,1_75 83,81 ZpSMzthh&flﬁyuz’l"y sas1 T Zpluz,thlt,31f17M2,2'7 83,81
Zp3M2,1hZ1f37f1,7M2,2_7 83,51

ip1#2’2753751#2’lthf3,f1611,i3 + Z.p1'u2’1'-)/83181'u2’2thf3,f1 5i17;_)3 - ip3#2’2783751#2’thqf3,f1611,i3 ;
lpg“z’l%a,m”Z‘QhYQfg,fﬁipés +ipy 2 hUqg, r, 03, 337"y st T ip3"*2hZqy, 1, 01357 sy
Zpluz’lthf3,f16i1,i3'7M2’2'/7 $3,81 Zp3M2’1thf3,f16i1,i3’yu2’2'/7 83,81

_Zthfg,fl p1H2’2751,53H2’15i17i3 + Zthfg,fl p3M2’2781753H2’16é1,i3 - Ztht'3,f1 p1M2,1,751)53M2,25i17i35+
Zthfg,fl p3H2’1’751,53H2’26i1,i3 - 7'thf37f1 p1M2,25i17i37H2,1'7 s1,83 T ZhZQfg,fl p3H2’26i1,i37M2’1-’7 81,83
. * 5 . * 5

Zthfg,fl p1#2’16i1,i3’7#2’2'7 s1,83 T thqu,fl p3#2’16i1,i3’7#2’2'7 $1,83

_ithfs,fl*p1#2’27817S3#2’1 + ihYlfsﬁfl*p3#2,2751753#2,1 — itht'3,f1*p1#2’17s1,S3#2’2 +

. % . . * 5 ; .k 5
ZhYlfa,fl p3#2,1781753#2; _ 'LhUltg,fl p1#2,2,-y#2,1_~y 817553 + Zthf?nh p3#2,27#2,1_7 1,83 —
ZhU1f3qf1*p1#2’17#2’2'7 s1,s3 T Zthfayfl*pB#2’17#2’2'7 $1,83
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