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

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$_, b$_, ¢$_] — -1 Eps[a$, b$, c$]
SU3C F G gs f dSUN T; FSU3CJa$_, b$_, ¢$.] — -I f[a$, bS, 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 (—igSg (=0, [Gual + 0, [Gr.a] + 95 faa28711,038711 G pia28711Groazs11) (=00 [Guial + 04 [Guial + s fa,a28712,038712G 028712 G azs i
4.2 Lo

_%gvgaa [Vva] (_au [Gu,a] + au [Gu,a] + gsfa,a2$713,a3$713G,u.,a2$713Gv,a3$713) (_611 [Gu,a] + 6M [GV,G] + gSfa,a2$714,a3$714G,u.,a2$714Gv,z
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$715,a3$715Ga,a3$715Gu,a2$715) (8,u [Gﬁ,a] - aﬁ [G,u.,a] + gsfa,a2$716,a3$716Gﬁ,a3$716Gu,a2$716) 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

P C| I \Y% D PN BN OB 10 Description
aEWM1 | F 127.9 aEWMI1 | 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
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
gSuR Flff|gSuR;; —0. | gSuRy; — gSuR, Real part of Neutral Scalz
gSuR; 5 — 0. gSuR; 3 — 0 up quark coupling constai
gSuR, 3 — 0. gSuRy 3 — 0
gSuRy ; — 0. gSuRz; — 0
gSuR, 5 — 0. gSuR3 5 — 0
gSuR, 3 — 0. gSuR; 3 — 0
gSuRz; — 0.
gSuRz 5 — 0.
gSuRgz 3 — 0.
gSul Flff| gSul;; —0. | gSuly; — —gSul Imaginary part of Neutral
gSul; o, — 0. gSul; ; — 0 Scalar - up quark coupling
gSul; 5 — 0. gSuly 5 — 0 constant
gSul, ; — 0. gSul; 3 — 0
gSul, 5 — 0. gSuly 3 — 0
gSuly 3 — 0. gSulg; — 0
gSul; ; — 0. gSul; , — 0
gSul; , — 0. gSul; 5 — 0
gSul; 5 — 0.
gPuR Flff|gPuRy; —0. | gPuRy; — gPuR, 5 Real part of Neutral
gPuR; 5 — 0. gPuR; 53— 0 Pseudoscalar - up quark
gPuR; 3 — 0. gPuR, 3 — 0 coupling constant
gPuR, ; — 0. gPuR;; — 0
gPuR, 5 — 0. gPuR;, — 0
gPuRy 5 — 0. gPuR3 5 — 0
gPuR;; — 0.
gPuR; , — 0.
gPuR; ; — 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.



P I \Y% D PN | BN | OB | IO | Description

gPul f,f| gPuly; — 0. | gPuly; — —gPul, Imaginary part of Neutral
gPul; , — 0. gPul, , — 0 Pseudoscalar - up quark
gPuly 5 — 0. gPul; ; — 0 coupling constant
gPul, ; — 0. gPuly 3 — 0
gPul, , — 0. gPuly 3 — 0
gPul, 3 — 0. ghPul;; — 0
gPuly; — 0. gPul; 5 — 0
gPul; , — 0. gPul; 3 — 0
gPul; 5 — 0.

gSdR f,f] gSdR;; — 0. | gSdRy; — gSdR, 5 Real part of Neutral Scalar -
g5dR; 5 — 0. gSdR; 3 — 0 down quark coupling constant
gSdR, 3 — 0. gSdRy 3 — 0
gSdRy ; — 0. gSdR3; — 0
g5dRy 5 — 0. gSdR3 5 — 0
g5dRy 3 — 0. gSdR;3 3 — 0
gSdRz; — 0.
gSdRz 5 — 0.
g5dR;3 3 — 0.

gSdl f, £ ¢Sdl; ; — 0. | gSdl,; — —gSdI, 5 Imaginary part of Neutral
gsdl; o, — 0. gsdl; ; — 0 Scalar - down quark coupling
gSdl, 5 — 0. gSdly 5 — 0 constant
gSdl, ; — 0. gSdl; 3 — 0
gSdly o — 0. gSdly 3 — 0
gSdly 3 — 0. gsdlz; — 0
gSdl; ; — 0. gSdl; 5 — 0
gSdl; , — 0. gSdl; 3 — 0
gSdl; 5 — 0.

gPdR f,f| gPdR,; — 0. | gPdRy; — gPdR, , Real part of Neutral
gPdR; 5 — 0. gPdR; 3 — 0 Pseudoscalar - down quark
gPdR; 3 — 0. gPdR, 3 — 0 coupling constant
gPdRy; — 0. gPdR;; — 0
gPdRy 5 — 0. gPdR3; 5 — 0
gPdR, 3 — 0. gPdR3 3 — 0
gPdR3; — 0.
gPdRz 5, — 0.
gPdR3 3 — 0.

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.

be found in Tables 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27.




P I A% D PN | BN | OB | IO | Description

gPdl £, 1] gbPdl;; — 0. | gPdly; — —gPdl, , Imaginary part of Neutral
ghdl, , — 0. gPdly 5 — 0 Pseudoscalar - down quark
gbdl, 5 — 0. ghdl; ; — 0 coupling constant
gPdl, ; — 0. ghPdl; 3 — 0
gPdly 5 — 0. gPdly 3 — 0
gPdl, 3 — 0. gPdl;; — 0
ghdly; — 0. gPdl; 5 — 0
gPdl; , — 0. gPdl; 3 — 0
gPdl; 3 — 0.

gSIR £, ] eSIR;; — 0. | gSIRy; — gSIR, 5 Real part of Neutral Scalar -
gSIR; 5 — 0. gSIRy 3 — 0 charged lepton coupling
gSIR,; 3 — 0. gSIRy 5 — 0 constant
gSIR,; — 0. gSIR; ; — 0
gSIR, 5 — 0. gSIR; 5 — 0
gSIR, 3 — 0. gSIR3 3 — 0
gSIR3 ; — 0.
gSIR; 5, — 0.
gSIR3 53 — 0.

gSII £, ] ¢Sl ; — 0. gSlly 3 — —gSlI 5 Imaginary part of Neutral
gSlly 5 — 0. gSll, ; — 0 Scalar - charged lepton
gSIll; 3 — 0. gSllp 5 — 0 coupling constant
gSlly; — 0. gSll; 3 — 0
gSlly 5 — 0. gSlly 3 — 0
gSll, 3 — 0. gSll;; — 0
gSllz; — 0. gSll; 5 — 0
gSll3 5 — 0. gSll3 3 — 0
gSll3 3 — 0.

gPIR f,f] gPIR;; — 0. | gPIRy; — gPIR, 5 Real part of Neutral
gPIR, , — 0. gPIR; 3 — 0 Pseudoscalar - charged lepton
gPIR, 3 — 0. gPIRy 3 — 0 coupling constant
gPIR, ; — 0. gPIR;; — 0
gPIR, 5 — 0. gPIR; 5, — 0
gPIR, 3 — 0. gPIR3 3 — 0
gPIR; ; — 0.
gPIR; 5, — 0.
gPIR; 5 — 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.
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P I A% D PN | BN | OB | IO | Description

gPII f,f] gPll;; —0. gPll, ; — —gPII, , Imaginary part of Neutral
gPll; 5 — 0. gPlly 5 — 0 Pseudoscalar - charged lepton
gPlL, 5 — 0. gPll; ; — 0 coupling constant
gPll ; — 0. gPll; 3 — 0
gPlly 5 — 0. gPlly 3 — 0
gPlly 3 — 0. gPll;; — 0
gPll; ; — 0. gPll; 5, — 0
gPll; , — 0. gPll; 3 — 0
gPll; 3 — 0.

gSg 0. Neutral Scalar - gluon

coupling constant

gVuR £, f] gVuRy; — 0. | gVuRy; — gVuR, 5 Real part of Neutral Vector -
gVuR, , — 0. gVuR; 3 — 0 up quark coupling constant
gVuR, ; — 0. gVuR, 3 — 0
gVuR, ; — 0. gVuR;; — 0
gVuR,y 5 — 0. gVuR3 5 — 0
gVuR,y 5 — 0. gVuR5 3 — 0
gVuR;; — 0.
gVuR; , — 0.
gVuR; ; — 0.

gVul £, £ ¢Vul;; — 0. | gVuly; — —gVul, , Imaginary part of Neutral
gvul, , — 0. gvul; ; — 0 Vector - up quark coupling
gVuly 5 — 0. gVul, , — 0 constant
gVul, ; — 0. gvuly 3 — 0
gVul, , — 0. gVul, 3 — 0
gVul, 3 — 0. gVul; ; — 0
gVul; ; — 0. gVulz , — 0
gVulz , — 0. gVulz 3 — 0
gVul; 5 — 0.

gAuR f,f] gAuR;; — 0. | gAuRy; — gAuR, , Real part of Neutral axial
gAuR; , — 0. gAuR; 3 — 0 vector - up quark coupling
gAuR,; 3 — 0. gAuRy 3 — 0 constant
gAuR,; — 0. gAuR;; — 0
gAuR, 5, — 0. gAuR3; 5, — 0
gAuR, 3 — 0. gAuR3; 3 — 0
gAuR;; — 0.
gAuR; 5 — 0.
gAuR; 3 — 0.

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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P I A% D PN | BN | OB | IO | Description

gAul f,f| gAul; ; — 0. | gAuly; — —gAul, 5 Imaginary part of Neutral
gAul; 5 — 0. gAuly 5 — 0 axial vector - up quark
gAul; ; — 0. gAul; ; — 0 coupling constant
gAul, ; — 0. gAul; 3 — 0
gAul, 5, — 0. gAul, 3 — 0
gAul, 5 — 0. gAul;; — 0
gAul; ; — 0. gAul; 5 — 0
gAul; , — 0. gAul; ;3 — 0
gAul; 5 — 0.

gVdR f,f| gVdR;; — 0. | gVdRy; — gVdR, Real part of Neutral vector -
gVdR, 5, — 0. gVdR; 3 — 0 down quark coupling constant
gVdR, 3 — 0. gVdRy 3 — 0
gVdR,; — 0. gVdR3; — 0
gVdR, 5 — 0. gVdR3; 5 — 0
gVdR, 3 — 0. gVdRz 3 — 0
gVdR3; — 0.
gVdR; , — 0.
gVdR; 3 — 0.

gVdI f,f| gvdl,; — 0. | gVdl,; — —gVdl, , Imaginary part of Neutral
gvdl, , — 0. gvdl, ; — 0 vector - down quark coupling
gvdl, 3 — 0. gVdl, , — 0 constant
gVdl, ; — 0. gVdl, 3 — 0
gVdl, 5 — 0. gVdly 3 — 0
gVdly 3 — 0. gVdl;; — 0
gVdl; ; — 0. gVdlz 5 — 0
gVdl; 5 — 0. gVdl; 3 — 0
gVdl; 3 — 0.

gAdR f,f| gAdR;; — 0. | gAdRy; — gAdR, 5 Real part of Neutral axial
gAdR; , — 0. gAdR; 3 — 0 vector - down quark coupling
gAdR; 3 — 0. gAdRy 3 — 0 constant
gAdR,; — 0. gAdR3;; — 0
gAdR, 5 — 0. gAdR; 5, — 0
gAdR, 3 — 0. gAdR3 3 — 0
gAdR;; — 0.
gAdR; 5 — 0.
gAdR; 3 — 0.

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 I \Y D PN | BN | OB | 10 | Description

gAdl f,f] gAdl; ; — 0. | gAdly; — —gAdl, , Imaginary part of Neutral
gAdl; , — 0. gAdl, 5 — 0 axial vector - down quark
gAdl; 5 — 0. gAdl; ; — 0 coupling constant
gAdl,; — 0. gAdl; 5 — 0
gAdl, 5, — 0. gAdl, 3 — 0
gAdl, 5 — 0. gAdl;; — 0
gAdl; ; — 0. gAdl; 5, — 0
gAdl; , — 0. gAdl; 5 — 0
gAdl; 5 — 0.

gVIR £, £ gVIR;; —0. | gVIR,; — gVIR, , Real part of Neutral vector -
gVIR; » — 0. gVIR; 3 — 0 charged lepton coupling
gVIR; 3 — 0. gVIR, 3 — 0 constant
gVIRy; — 0. gVIR;; — 0
gVIR, 5, — 0. gVIR; , — 0
gVIR, 3 — 0. gVIR3 3 — 0
gVIR; ; — 0.
gVIR; 5 — 0.
gVIR;3 3 — 0.

gVII £, £] gVl ; —0. | gVlly; — —gVII; 5 Imaginary part of Neutral
gV, , — 0. gVl ; — 0 vector - charged lepton
gVl 3 — 0. gVll, 5 — 0 coupling constant
gVll,; — 0. gVl 3 — 0
gVl 5, — 0. gVl 3 — 0
gV, 3 — 0. gVll3; —0
gVll;; — 0. gVll; 5, — 0
gVll; 5, — 0. gVll; 3 — 0
gVll; 53 — 0.

gAIR f,f] gAIR;; — 0. | gAlRy; — gAIR, 5 Real part of Neutral axial
gAIR; , — 0. gAIR; 3 — 0 vector - charged lepton
gAIR,; 3 — 0. gAIRy 3 — 0 coupling constant
gAlIRy; — 0. gAlR3; — 0
gAIRy 5 — 0. gAlIRz 5, — 0
gAIR, 3 — 0. gAlR3 3 — 0
gAlR3; — 0.
gAlIR3 5, — 0.
gAlR3 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 I \% D PN | BN | OB | IO | Description

gAll f,f] gAll;; — 0. | gAlly; — —gAll; 5 Imaginary part of Neutral
gAll; , — 0. gAll , — 0 axial vector - charged lepton
gAll; 3 — 0. gAll; ; — 0 coupling constant
gAll, ; — 0. gAll; 5 — 0
gAll, 5 — 0. gAll, 3 — 0
gAll, 3 — 0. gAll;; — 0
gAll; ; — 0. gAll; 5, — 0
gAll; 5 — 0. gAll; 3 — 0
gAll; 3 — 0.

gVg 0. Neutral Vector - gluon

coupling constant

gTuR f,f| gTuR,,; — 0. gTuR; 3 — 0 Real part of Neutral
gTuR, , — 0. gTuR, 3 — 0 Symmetric Tensor - up quark
gTuR, 5 — 0. gTuR;, — 0 coupling constant
gTuR,; — 0. gTuR;, — 0
gTuR, 5 — 0. gTuR3 3 — 0
gTuR, 3 — 0.
gTuR;, — 0.
gTuR; , — 0.
gTuR; 5 — 0.

gTul f,f| gTul,; — 0. glul; 5 — 0 Imaginary part of Neutral
gTul; , — 0. gTul, 3 — 0 Symmetric Tensor - up quark
gTul; 3 — 0. gTul; ; — 0 coupling constant
gTul, ; — 0. gTul; , — 0
gTuly 5 — 0. gluly 5 — 0
gTuly 5 — 0.
gTul; ; — 0.
gTul; o, — 0.
gTul; 3 — 0.

gUuR f,f | gUuR;; — 0. gUuR,; 3 — 0 Real part of Neutral axial
gUuR, , — 0. gUuRy 5 — 0 Symmetric Tensor - up quark
gUuR, 5 — 0. gUuR3, — 0 coupling constant
gUuR,; — 0. gUuR3, — 0
gUuR, 5 — 0. gUuR33 — 0
gUuR, 3 — 0.
gUuR3; — 0.
gUuR3 5, — 0.
gUuR; 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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P I \Y D PN | BN | OB | IO | Description

gUul f,f] gUul;; —0. | gUuly 3 —0 Imaginary part of Neutral
gUuly 5 — 0. | gUuly 5 —0 axial Symmetric Tensor - up
gUul; 3 — 0. | gUuly; —0 quark coupling constant
gUul, ; — 0. | gUuly, —0
gUul, o — 0. | gUuly5—0
gUul, 5 — 0.
gUul; ; — 0.
gUul; , — 0.
gUul; 3 — 0.

gTdR f,f]| gTdR;; — 0. | gTdR; 3 —0 Real part of Neutral
gTdRy 5 — 0. | gTdRy 3 — 0 Symmetric Tensor - down quark
gTdRy 3 — 0. | gTdR;; — 0 coupling constant
gTdR,; — 0. | gTdR35 — 0
gTdRy 5 — 0. | gTdR3 3 — 0
gTdRy 3 — 0.
gTdR;; — 0.
gTdR; 5, — 0.
gTdR; 5 — 0.

gTdl f,f] gTdl;; —0. | gTdl; 3 —0 Imaginary part of Neutral
gTdl; 5 — 0. | gTdly 3 —0 Symmetric Tensor - down quark
gldl; 3 — 0. | gTdl;; —0 coupling constant
gldl,; — 0. | gTdl;,—0
gldl, 5, — 0. | gTdl33—0
gTdly 3 — 0.
gTdl;; — 0.
gTdl; 5, — 0.
gTdl; 3 — 0.

gUdR f,f]| gUdR;; — 0. | gUdR; 3 — 0 Real part of Neutral axial
gUdR; 5 — 0. | gUdRy 3 — 0 Symmetric Tensor - down quark
gUdR; 3 — 0. | gUdR3; — 0 coupling constant
gUdRy; — 0. | gUdR3 5, — 0
gUdRy 5 — 0. | gUdR3 3 — 0
gUdRy 5 — 0.
gUdR;, — 0.
gUdR; 5 — 0.
gUdR; 3 — 0.

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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P I A% D PN | BN | OB | IO | Description

gUdI f,f] gUldl;; —0. | gUdl; 3 —0 Imaginary part of Neutral
gUdl; 5 — 0. | gUdl, 3 — 0 axial Symmetric Tensor - down
gUudl, 3 — 0. | gUdl;; — 0 quark coupling constant
gUdl,; — 0. | gUdl;, — 0
gUdl, 5 — 0. | gUdlz 3 — 0
gUdl, 3 — 0.
gUdl; ; — 0.
gUdl; , — 0.
gUdl; 5 — 0.

gTIR f,f| gTIR;; — 0. | gTIR; 3 —0 Real part of Neutral
gTIR; 5 — 0. | gTIRy 3 — 0 Symmetric Tensor - charged
gTIR; 3 — 0. | gTIR;; — 0 lepton coupling constant
gTIRy; — 0. | gTIR3 5, — 0
gTIRy 5 — 0. | gTIR3 3 — 0
gTIR, 3 — 0.
gTIR; ; — 0.
gTIR; 5, — 0.
gTIR; 3 — 0.

gTlI f,f] ¢gTll;; —0. | gT; 3—0 Imaginary part of Neutral
gTll; o — 0. | gTly 3 —0 Symmetric Tensor - charged
gl 3 —0. | gTl3; —0 lepton coupling constant
gllly; — 0. | gTl;,—0
gl o — 0. | gTl; 3 —0
gTlly 3 — 0.
gTll; ; — 0.
gTll; 5 — 0.
gTll; 3 — 0.

gUIR f,f] gUIR;; — 0. | gUIR; 3 —0 Real part of Neutral axial
gUIR; 5 — 0. | gUIRy 3 — 0 Symmetric Tensor - charged
gUIR; 3 — 0. | gUIR3; — 0 lepton coupling constant
gUIRy; — 0. | gUIR3 5 — 0
gUIRy 5 — 0. | gUIR3 3 — 0
gUIR, 3 — 0.
gUIR; ; — 0.
gUIR; 5, — 0.
gUIR; 5 — 0.

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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P I A% D PN | BN | OB | IO | Description

gUIL f,f] ¢Ull;; — 0. gUll; 3 — 0 Imaginary part of Neutral
gUll; 5 — 0. | gUll,3—0 axial Symmetric Tensor -
gUll, 3 — 0. gUllz; — 0 charged lepton coupling
gUll, ; — 0. gUll; 5 — 0 constant
gUll, 5 — 0. gUll; 3 — 0
gUll, 5 — 0.
gUll;; — 0.
gUll; , — 0.
gUll; 3 — 0.

gTg 0. Neutral Tensor - gluon

coupling constant

hSqR f, £ hSqR;; — 0. | hSqR; 3 — 0 Real part of Charged scalar -
hSqR; ; — 0. | hSqRy 3 — 0 quark coupling constant
hSqR; 3 — 0. | hSqR3; — 0
hSqRy; — 0. | hSqR3 5, — 0
hSqRs 5 — 0. | hSqR3 3 — 0
hSqR, 3 — 0.
hSqR3; — 0.
hSqR3 5, — 0.
hSqR3 53 — 0.

hSql f, £ | hSql, ; — 0. hSql; 53 — 0 Imaginary part of Charged
hSql; 5 — 0. | hSqly 3 — 0 scalar - quark coupling
hSql; 3 — 0. | hSql;; — 0 constant
hSqly ; — 0. | hSql;5 — 0
hSqly 5 — 0. | hSql;53 —0
hSql, 5 — 0.
hSql; ; — 0.
hSql; 5 — 0.
hSql; 3 — 0.

hPqR f,f| hPqRy; — 0. | hPqR; 3 — 0 Real part of Charged
hPgR; 5 — 0. | hPqRy 5 — 0 pseudoscalar - quark coupling
hPgRy 3 — 0. | hPqR3; — 0 constant
hPqR,; — 0. | hPqR;, — 0
hPqRy 5 — 0. | hPqR3 5 — 0
hPqR, 3 — 0.
hPqR;; — 0.
hPqR; 5, — 0.
hPqR; 5 — 0.

Table 19: 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 I A% D PN | BN | OB | IO | Description

hPql f,f | hPql;; — 0. | hPql; 3 — 0 Imaginary part of Charged
hPql; 3 — 0. | hPqly 5 — 0 pseudoscalar - quark coupling
hPql; 3 — 0. | hPql;; — 0 constant
hPqly; — 0. | hPql; 5 — 0
hPqly 5 — 0. | hPql; 3 — 0
hPql, 3 — 0.
hPql; ; — 0.
hPql; 5, — 0.
hPql; 3 — 0.

hSIR f,f| hSIRy; — 0. | hSIR; 3 — 0 Real part of Charged scalar -
hSIR;2 — 0. | hSIRp 53 — 0 lepton coupling constant
hSIR;3 — 0. | hSIR3; — 0
hSIR27 — 0. | hSIR32 — 0
hSIR22 — 0. | hSIR3 3 — 0
hSIR; 3 — 0.
hSIR31 — 0.
hSIR32 — 0.
hSIR3 3 — 0.

hSII f,f| hSl;; — 0. | hSl; 35— 0 Imaginary part of Charged
hSII; o — 0. hSIly 5 — 0 scalar - lepton coupling
hSII; 3 — 0. hSl3; — 0 constant
hSll;; — 0. | hSl32 — 0
hSll; 2 — 0. | hSl335 — 0
hSII; 5 — 0.
hSII5 ; — 0.
hSllz3 2 — 0.
hSll3 3 — 0.

hPIR f,f| hPIR;; — 0. | hPIR; 3 — 0 Real part of Charged
hPIR; 2 — 0. | hPIRs 3 — 0 pseudoscalar - lepton coupling
hPIR; 3 — 0. | hPIR3; — 0 constant
hPIR2;1 — 0. | hPIR3 2> — 0
hPIRs 2 — 0. | hPIR3 3 — 0
hPIR; 5 — 0.
hPIR3 1 — 0.
hPIR3 2 — 0.
hPIR3 3 — 0.

Table 20: 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 I A% D PN | BN | OB | IO | Description

hPII f,f| hPI;; — 0. hPII; 5 — 0 Imaginary part of Charged
hPIL; 5 — 0. hPIll, 53 — 0 pseudoscalar - lepton coupling
hPII; 5 — 0. hPlIz; — 0 constant
hPII;; — 0. hPll3 o — 0
hPII; 2 — 0. hPll3 3 — 0
hPII; 3 — 0.
hPII3; — 0.
hPII5 2 — 0.
hPII5 3 — 0.

hVqR f,f] hVgR;; — 0. | hVqR, 3 — 0 Real part of Charged vector -
hVqR; 5 — 0. | hVqR, 3 — 0 quark coupling constant
hVqR; 3 — 0. | hVqR;; — 0
hVqRy; — 0. | hVqR; 5, — 0
hVqRy 5 — 0. | hVqR; 3 — 0
hVqR, 3 — 0.
hVqR;; — 0.
hVqR;z 5 — 0.
hVqR; 3 — 0.

hVql f,f| hVqly; — 0. | hVgl; 3 —0 Imaginary part of Charged
hVqly; 5 — 0. | hVgly 3 —0 vector - quark coupling
hVqly 3 — 0. | hVgl;; —0 constant
hVql, ; — 0. | hVgl;, — 0
hVqly 5 — 0. | hVql; 53 —0
hVql, 3 — 0.
hVql;; — 0.
hVql; 5 — 0.
hVql; 3 — 0.

hAqR f,f | hAqR;; — 0. | hAqR; 3 — 0 Real part of Charged axial
hAqR; 5 — 0. | hAqRy 3 — 0 vector - quark coupling
hAqR; 3 — 0. | hAqR;; — 0 constant
hAqRy; — 0. | hAqR; 5, — 0
hAqRy5 — 0. | hAqR3 3 — 0
hAqRy 3 — 0.
hAqRz; — 0.
hAqR;z 5 — 0.
hAqR;z 3 — 0.

Table 21: 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 I Vv D PN | BN | OB | IO | Description

hAql f,f| hAqly ; — 0. | hAql; 3 —0 Imaginary part of Charged
hAql; 5 — 0. | hAqly 3 —0 axial vector - quark coupling
hAql; 3 — 0. | hAql;; — 0 constant
hAql,; — 0. | hAql; 5 — 0
hAqly 5 — 0. | hAql; 3 — 0
hAql, 3 — 0.
hAql; ; — 0.
hAql; 5 — 0.
hAql; 3 — 0.

hVIR f,f | hVIR;; — 0. | hVIR; 3 — 0 Real part of Charged vector -
hVIR;2 — 0. | hVIRy 3 — 0 lepton coupling constant
hVIR; 3 — 0. | hVIR3;1 — 0
hVIRz; — 0. | hVIR32 — 0
hVIRz 2 — 0. | hVIR33 — 0
hVIRs 3 — 0.
hVIR3; — 0.
hVIR3 2 — 0.
hVIR3 3 — 0.

hVII f,f| hVll;; - 0. | hVll; 35— 0 Imaginary part of Charged
hVil; 2 — 0. | hVll; 53— 0 vector - lepton coupling
hVil; 3 — 0. | hVll3; — 0 constant
hVlly; — 0. | hVllzo — 0
hVlly 2 — 0. | hVllz3 —0
hVlI; 3 — 0.
hVIlz; — 0.
hVllz o — 0.
hVllz 3 — 0.

hAIR f,f | hAlIR;; — 0. | hAIR; 3 — 0 Real part of Charged axial
hAIR; 2 — 0. | hAIRy 3 — 0 vector - lepton coupling
hAIR; 3 — 0. | hAlIR3; — 0 constant
hAIR2; — 0. | hAlIR32 — 0
hAIRs 9 — 0. | hAIR3 3 — 0
hAIRs 3 — 0.
hAIR3; — 0.
hAIR3 2 — 0.
hAIR3 3 — 0.

Table 22: 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 I A% D PN | BN | OB | IO | Description

hAIl f,f| hAll;; — 0. hAIl; 3 — 0 Imaginary part of Charged
hAIl; o — 0. hAlly 53 — 0 axial vector - lepton coupling
hAIl; 3 — 0. hAllz; — 0 constant
hAll; ; — 0. hAllz 2 — 0
hAll; o — 0. hAllz 3 — 0
hAll; 5 — 0.
hAll3; — 0.
hAllz o — 0.
hAll3 3 — 0.

hTqR f,f| hTqR;; — 0. | hTqR; 3 — 0 Real part of Charged
hTqR; 5 — 0. | hTgRy 3 — 0 Symmetric Tensor - quark
hTqR; 3 — 0. | hTgR3; — 0 coupling constant
hTqRe; — 0. | h'TqR; 5 — 0
hTqRy o — 0. | h'TqR; 5 — 0
hTqRy 5 — 0.
hTqR3, — 0.
hTqR;3 5 — 0.
hTqR; 3 — 0.

hTql f,f| hTql;; —0. | hTql; 53 —0 Imaginary part of Charged
hTql; 5 — 0. | hTql,3 —0 Symmetric Tensor - quark
hTql; 3 — 0. | hTqgl;; —0 coupling constant
hTqly; — 0. | hTql;5 —0
hTqly 5 — 0. | hTql; 3 —0
hTqly 3 — 0.
hTql; ; — 0.
hTqls 5, — 0.
hTqls 3 — 0.

hUqR f,f | hUgR;; — 0. | hUqR; 3 — 0 Real part of Charged axial
hUqR; 5 — 0. | hUqR, 3 — 0 Symmetric Tensor - quark
hUqR; 3 — 0. | hUqR3; — 0 coupling constant
hUqRy; — 0. | hUqR35 — 0
hUqRy 5 — 0. | hUgR; 3 — 0
hUqR, 3 — 0.
hUqR;; — 0.
hUqR;3 5 — 0.
hUqR; 3 — 0.

Table 23: 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 I A% D PN | BN | OB | IO | Description

hUql f,f| hUqly; — 0. | hUql; 3 —0 Imaginary part of Charged
hUql;  — 0. | hUql, 3 —0 axial Symmetric Tensor - quark
hUql; 3 — 0. | hUql;; — 0 coupling constant
hUql,; — 0. | hUqlz 5, — 0
hUqly 5 — 0. | hUqlz 3 — 0
hUqly 3 — 0.
hUql; ; — 0.
hUql; 5 — 0.
hUql; 5 — 0.

hYqR f,f| hYqR,; — 0. | hYqR; 53— 0 Real part of Charged
hYqR; 5 — 0. | hYqR, 3 — 0 Symmetric Tensor - quark
hYqR; 3 — 0. | hYqR;; — 0 coupling constant
hYqRy; — 0. | hYqR; 5, — 0
hYqRy 5 — 0. | hYqR; 3 — 0
hYqR, 3 — 0.
hYqR;, — 0.
hYqR3 5, — 0.
hYqR;3 3 — 0.

hYql f,f| hYqly; — 0. | h¥Yql;3—0 Imaginary part of Charged
hYql, , — 0. | hYql, 3 —0 Symmetric Tensor - quark
hYql, 3 — 0. | hYql;; —0 coupling constant
hYql,; — 0. | hYql;, — 0
hYqly 5 — 0. | hYql3 3 — 0
hYqly 3 — 0.
hYql;; — 0.
hYql; 5 — 0.
hYql; 5 — 0.

hZqR f,f| hZqR,; — 0. | hZqR, 3 — 0 Real part of Charged axial
hZqRy 5 — 0. | hZqRy 3 — 0 Symmetric Tensor - quark
hZqRy 53 — 0. | hZqR3,; — 0 coupling constant
hZqRs; — 0. | hZqR3 5, — 0
hZqRs 5 — 0. | hZqR3 53 — 0
hZqRy 5 — 0.
hZqRs3, — 0.
hZqR;3 5 — 0.
hZqR; 3 — 0.

Table 24: 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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hZql f,f| hZql;; — 0. | hZql; 53— 0 Imaginary part of Charged
hZql; 5 — 0. | hZqly 3 — 0 axial Symmetric Tensor - quark
hZql, 3 — 0. | hZql;; — 0 coupling constant
hZqly; — 0. | hZql; 5 — 0
hZqly 5 — 0. | hZql; 53 — 0
hZqly 3 — 0.
hZql; ; — 0.
hZgl; 5, — 0.
hZqls 3 — 0.

hTIR f,f| hTIRy; — 0. | hTIR; 3 — 0 Real part of Charged
hTIR;2 — 0. | hTIR, 3 — 0 Symmetric Tensor - lepton
hTIR;3 — 0. | hTIR3; — 0 coupling constant
hTIR2; — 0. | hTIR32 — 0
hTIR22 — 0. | hTIR3 3 — 0
hTIRs 3 — 0.
hTIR3; — 0.
hTIR3 2 — 0.
hTIR3 3 — 0.

hTII f,f| hTll;; — 0. | hTl;3 — 0 Imaginary part of Charged
hTII; o — 0. hTl 3 — 0 Symmetric Tensor - lepton
hTII; 3 — 0. hTl3; — 0 coupling constant
hTlz; — 0. | hTl32 — 0
hTlz 2 — 0. | hTll33 —0
hTI, 3 — 0.
hTIlz; — 0.
hTIlIz 2 — 0.
hTIlIz 3 — 0.

hUIR f,f| hUIRy; — 0. | hUIR; 3 — 0 Real part of Charged axial
hUIR; 2 — 0. | hUIR;3 — 0 Symmetric Tensor - lepton
hUIR; 3 — 0. | hUIR3; — 0 coupling constant
hUIR2; — 0. | hUIR32 — 0
hUIR;2 — 0. | hUIR33 — 0
hUIR, 3 — 0.
hUIR3; — 0.
hUIR3z 2 — 0.
hUIR3 3 — 0.

Table 25: 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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hUII f,f| hUll;; — 0. | hUll; 3 — 0 Imaginary part of Charged
hUll; o — 0. | hUll; 3 — 0 axial Symmetric Tensor -
hUll; 3 — 0. | hUll3; — 0 lepton coupling constant
hUlls; — 0. | hUll32 — 0
hUllz o — 0. | hUll33 — 0
hUll; 5 — 0.
hUll5; — 0.
hUll3 2 — 0.
hUll3 3 — 0.

hYIR f,f | hYIRy; — 0. | hYIR; 3 — 0 Real part of Charged
hYIR;2 — 0. | hYIRy3 — 0 Symmetric Tensor - lepton
hYIR;3 — 0. | hYIR3; — 0 coupling constant
hYIRs; — 0. | hYlIR32 — 0
hYIRs2 — 0. | hYlIR33 — 0
hYIR, 3 — 0.
hYIR3;; — 0.
hYIR3 2 — 0.
hYIR3 3 — 0.

hYII f,f| h¥Yll;; — 0. | hYll;3—0 Imaginary part of Charged
hYll; o — 0. | hYll;3 — 0 Symmetric Tensor - lepton
h¥Yll; 3 — 0. | hYll3; — 0 coupling constant
hYlls; — 0. | hYll32 —0
hYllp o — 0. | hYll33 —0
hYll; 3 — 0.
hYlls;, — 0.
hYllz3 o — 0.
hYll3 3 — 0.

hZIR f,f| hZIR; 1 — 0. | hZIR; 3 — 0 Real part of Charged axial
hZIR 2 — 0. | hZIRy 3 — 0 Symmetric Tensor - lepton
hZIRy3 — 0. | hZIR3; — 0 coupling constant
hZIR2 1 — 0. | hZIR32 — 0
hZlRs2 — 0. | hZIR33 — 0
hZIR5 3 — 0.
hZIR3 1 — 0.
hZIR3 2 — 0.
hZIR3 3 — 0.

Table 26: 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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hZ1I f,f| hZll;; — 0. | hZll; 3 — 0 Imaginary part of Charged

hZll; 5 — 0. | hZll; 53 — 0 axial Symmetric Tensor -
hZll; 3 — 0. | hZll3; — 0 lepton coupling constant
hZlly 1 — 0. | hZllz 2 — 0

hZll3 2 — 0. | hZll33 — 0

hZll5 5 — 0.

hZll3 1 — 0.

hZll5 5 — 0.

hZll5 3 — 0.

Table 27: 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
P C| I 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. yh —0 Yy — ye QED, 1 | Lepton Yukawa coupling
yla — 0. y'a =0 | yl2 —ym
y's — 0.0102065 yls — ytau
yu F| f | Eq 15 y*1 — 0. y*1 — 0| y*1 —yu | QED, 1 | U-quark Yukawa coupling
y'a — 0. Yy — 0| y"s —ye
y*s — 1.00112 yUs — yt
yd F| f | Eq. 16 y? — 0. yh -0 | y? —yd QED, 1 | D-quark Yukawa coupling
ydy — 0. Yty — 0| yoy —ys
y?3 — 0.0269953 y?s — yb
CKM | F | f, f| Eq. 17 CKM; ; — 0.97418 CKM-Matrix
CKM; 2 — 0.225773
CKM; 3 — 0.

CKMj, — —0.225773
CKM, 5 — 0.97418
CKMg, 3 — 0.
CKMjs,1 — 0.
CKMs 5 — 0.
CKMs 3 — 1.

Table 28: 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.

found in Tables 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38. The values and definitions of the internal parameters will be written
below.

1
_ ) 2
AEW = EWMI (2)
MZ2 MZ:  MZropw
My = + - 3
W=y \/ e 3)
M2
9—1-W_ 4
SW NZ2 4)
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NV

D

PN

10

Description

gSu

gPu

gSd

gPd

f, f

f, f

)

f, f

f, f

gSu; 4 — 0.

gSuy 5 — 0.+ 0.1

gSuy 3 — 0.

gSuy; — 0.+ 0.1

gSuy 5 — 0.
gSuy 3 — 0.
gSuz; — 0.
gSuz 5 — 0.
gSuz 3 — 0.
gPu; ; — 0.

gPu; » — 0.+ 0.

gPu1,3 — 0.

gPuy; — 0.+ 0.7

gPuQ_’2 — 0.
gPu273 — 0.
gPu371 — 0.
gPuz , — 0.
gPu; ;3 — 0.
gSd; ; — 0.

gSd; 5 — 0.+ 0.1

gSd; 3 — 0.

gSdy; — 0.+ 0.1

gSdy o — 0.
gSdy 3 — 0.
gSd3; — 0.
gSd3 5 — 0.
gSdz 3 — 0.
gbPd; ; — 0.

gPd, 5 — 0.4 0.1

ghd; 3 — 0.

gPdy; — 0.4 0.1

gPdQ_’2 — 0.
gPd273 — 0.

gsua,b - 7;gsula,b + gsuRa,b

gPua,b — igPuIa_’b + gPuRaJ7

nga_’b — ingIa,b + ngRa,b

gPda,b — ZgPdIab + gPdR’ab

Neutral Scalar - up quark

coupling constant

Neutral Pseudoscalar - up

quark coupling constant

Neutral Scalar - down quark

coupling constant

Neutral Pseudoscalar - down

quark coupling constant

Table 29: 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.

€ = 2\/%\/04}3\}\/
Cw = V1—sw2

GJuw = —

g1 = -



NV

PN

10

Description

gSl

gPl

gVu

f, f

f, f

f, f

gbPd; ; — 0.
gPd; 5 — 0.
gbPd; ;3 — 0.
gSl; 1 — 0.
gSl 5 — 0.+ 0.1
gSl; 3 — 0.
gSly; — 0.+ 0.1
gSly 5 — 0.
gSly 3 — 0.
gSl; ; — 0.
gSl3 o — 0.
gSl; 5 — 0.
gPl, ; — 0.
gPly 5 — 0. +0.1
gPl, 3 — 0.
gPly; —0.4+0.1
gPly 5 — 0.
gPly 3 — 0.
gPl; ; — 0.
gPl; o — 0.
gPl; 3 — 0.
gVu, ; — 0.
gVu, 5 — 0.+ 0.1
gVu; 3 — 0.
gVu,; — 0.+ 0.1
gVu, , — 0.
gVu, 3 — 0.
gVuz; — 0.
gVu; , — 0.
gVu; 3 — 0.

gSla,b - igsna,b + gSlRa,b

gPla,b - Z'gPHa,b + gPlRa,b

gVu%b — igVuIa,b + gVuRaJ,

Neutral Scalar - charged
lepton coupling constant

Neutral Pseudoscalar -
charged lepton coupling

constant

Neutral Vector - up quark
coupling constant

Table 30: 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.

gs = 2ﬁ\/ Qs
2]\/[Wsw
V= —
e
MH?
A =
202
= V2l
v = 0
yla = 0
yl3 _ ﬁy:jntau
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NV

D

PN

10

Description

gAu

gVd

gAd

gVl

f, f

f, f

f, f

f, f

gAul_’1 — 0.

gAu; o — 0.+ 0.1

gAu, 3 — 0.

gAug; — 0.+ 0.1

gAuy 5 — 0.
gAuy 3 — 0.
gAuz; — 0.
gAuz 5 — 0.
gAug 3 — 0.
gVvd, ; — 0.

gVd, 5 — 0.+ 0.1

gVd, 3 — 0.

gVdy; — 0.+ 0.1

ng2_2 — 0.
ng273 — 0.
ngg_’1 — 0.
gVd; , — 0.
gVdsz 3 — 0.
gAd; ; — 0.

gAd, 5 — 0.+ 0.1

gAd, 3 — 0.

gAdy; — 0. +0.1

gAdQ_’2 — 0.
gAd273 — 0.
gAdg_’1 — 0.
gAd3,2 — 0.
gAd3,3 — 0.
gV11,1 — 0.

gVl 5 — 0.4 0.7

gVl 3 — 0.

gVl — 0.4 0.7

gVIQ_’Q — 0.
gVIQ_’g — 0.

gAua,b — igAuIa,b + gAuRa,b

nga’b — ingIa,b + ngRa,b

gAda,b — ZgAdIa,b + gAdR’a,b

nga_’b — igVHa_’b + gVIRa,b

Neutral Axial vector - up

quark coupling constant

Neutral Vector - down quark

coupling constant

Neutral Axial vector - down

quark coupling constant

Neutral vector - charged

lepton coupling constant

Table 31: 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.

u

Y1

u

Yy 2

u

Y3
ydl
yd2

yd3

0
V2ymc

v
V/2ymt
v
0

0
v/2ymb
v
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P c| 11|V NV D PN | IO | Description

gVl;; — 0.
gVl o — 0.
gVl; 3 — 0.
gAl | F | £ § gAl; — 0. gAl,, — igAll, , + gAIR, , Neutral axial vector -
gAl 5, — 0.+ 0.1 charged lepton coupling
gAl; 5 — 0. constant
gAly; —0.+0.1
gAly 5, — 0.
gAly 3 — 0.
gAlz ; — 0.
gAlz » — 0.
gAl; 5 — 0.
gTu | F | £ § gTu; ; — 0.+0.1 | gTu,;, — igTul,, + gTuR, , Neutral Symmetric Tensor - up
gTu; , = 0.+0.1 quark coupling constant
gTul_’3 — 0.
g’I‘uz1 —0.+0.1
gTuZQ —0.+0.1
gTu2,3 — 0.
gTug_l — 0.
gTu3_2 — 0.
gTu3,3 — 0.
gUu | F | f f gUuy ; — 0. +0.I | gUu,, — igUul, , + gUuR, , Neutral axial Symmetric
gUuy o — 0. +0.1 Tensor - up quark coupling
gUu,; 5 — 0. constant
gUuy; — 0. +0.1
gUuy 5 — 0.+ 0.1
gUuy 5 — 0.
gUu;z ; — 0.
gUuz 5, — 0.

gUuz 5 — 0.

Table 32: 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.

CKl\/Il,l = COS[@C]

CKl\/Il,g = Sln[@c]

CKM;3 = 0

CKM,; = —Sin[f.]

CKl\/IQ,Q = COS[@C] (17)
CKMy5 = 0

CKMs; = 0

CKMs, = 0

CKMss = 1
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NV

D

PN

10

Description

gTd

gUd

gTl

gUl

f, £

f, £

f, £

f, £

gld;; —0.+0.1
gld; 5 —0.+0.1
gTdy 5 — 0.
gTdy; — 0.+0.1
gTdyy — 0. +0.1
gTdy 5 — 0.
gTds; — 0.
gTds 5, — 0.
gTds 5 — 0.
gUd; ; — 0. +0.1
gUd; 5, — 0. +0.1
gUd; 5 — 0.
gUdy; — 0. +0.1
gUdy 5 — 0. +0.1
gUdy 5 — 0.
gUds; — 0.
gUdz 5, — 0.
gUds 5 — 0.
gl —0.+0.1
gl o —0.+0.1
gTl 3 — 0.
gTly; —0.+0.1
gTly 5 — 0. +0.1
gTly 5 — 0.
gTl; ; — 0.
gTl; 5 — 0.
gTl; 5 — 0.
gUl; ; —0.+0.
gUl; o —0.+0.1
gUl; 3 — 0.
gUly; — 0.+ 0.1
gUly o — 0.+ 0.1
gUly 3 — 0.

gTda,b — ZgTdIa,b + gTdR’ab

gUda,b — igUdIa,b + gUdRa,b

nga,b — ZngIab + ngRab

gUla,b — ZgUHa,b + gUlRa,b

Neutral Symmetric Tensor -

down quark coupling constant

Neutral axial Symmetric
Tensor - down quark coupling

constant

Neutral Symmetric Tensor -
charged lepton coupling
constant

Neutral axial Symmetric
Tensor - charged lepton

coupling constant

Table 33: 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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NV

PN

10

Description

hSq

hPq

hSl1

f, £

f, £

f, £

gUl; ; — 0.
gUl; , — 0.
gUl; 3 — 0.
hSq; ; — 0.+ 0.1
hSq; 5 — 0.4+ 0.1
hSq, 5 — 0.
hSqy; — 0.4+ 0.1
hSqy 5 — 0.+ 0.1
hSq, 5 — 0.
hSq; ; — 0.
hSq; 5 — 0.
hSq; 5 — 0.
hPq; ; — 0.+ 0.1
hPq; 5 — 0.+ 0.7
hPq; 3 — 0.
hPqy — 0.+ 0.1
hPqy 5 — 0.+ 0.1
hPqy 3 — 0.
hPqz; — 0.
hPqz , — 0.
hPq3 3 — 0.
hSli; — 0.4+ 0.1
hSl 2 — 0.4+ 0.1
hSl; 3 — 0.
hSly; — 0.4+ 0.1
hSly 2 — 0.4+ 0.1
hSly 3 — 0.
hSl;; — 0.
hSl3 2 — 0.
hSl; 3 — 0.

hSQa,b - 7;hSan,b + hSqRa,b

hPQa,b — ithIa,b + thRa,b

hSla, — ihSlL,, + hSIR,

Charged scalar - quark

coupling constant

Charged pseudoscalar - quark

coupling constant

Charged scalar - lepton

coupling constant

Table 34: 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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P c| 11|V NV D PN | IO | Description

hPl | F | f, f hPl;; — 0.4 0.1 hPl, , — ¢hPl, ;, + hPIR, Charged pseudoscalar - lepton
hPly » — 0.+ 0.1 coupling constant
hP11,3 — 0.

hPly; — 0.4+ 0.1
hPly o — 0.4 0.1
hPly 3 — 0.
hPlz; — 0.
hPlz 2 — 0.
hPl3 3 — 0.
hVq | F | f § hVq, ; — 0.+0. | hVq,, — ihVql, , + hVqR, , Charged vector - quark

hVq; o — 0.+ 0.1 coupling constant
hVq, 3 — 0.
hVgy; — 0.4+ 0.1
hVqy o — 0.+ 0.1
hVqg, 3 — 0.
hVq; ; — 0.
hVq; , — 0.
hVq; 3 — 0.
hAq | F | f hAq;; — 0.4+ 0. | hAq, , — thAql, , + hAqR, , Charged axial vector - quark
hAqy 5, — 0.4+ 0.1 coupling constant
hAq, 3 — 0.
hAqy; — 0.4+ 0.1
hAqy 5 — 0.4+ 0.1
hAqy 3 — 0.
hAqz; — 0.
hAqz 5 — 0.
hAqz 3 — 0.
hvl | F | f, f hVl; ;1 — 0.4+ 0. hVl,, — thVll, , +hVIR, Charged vector - lepton
hVli o — 0.4+ 0.1 coupling constant
hVl; 3 — 0.
hVly; — 0.4 0.1
hVly 9 — 0.4 0.1
hVly 3 — 0.

Table 35: 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.

33



P c|1I1]|V NV D PN | IO | Description

hVls; — 0.
hVls; 2 — 0.
hVlz 5 — 0.
hAl | F | f, f hAl; ;1 — 0.4 0.1 | hAl,, — ¢hAll, , + hAIR, Charged axial vector - lepton
hAlL; 2 — 0.4+ 0.1 coupling constant
hAl; 3 — 0.
hAly; — 0.4 0.1
hAly 2 — 0.4 0.1
hAl; 3 — 0.
hAl3; — 0.
hAl3 3 — 0.
hAlz 3 — 0.
hTq | F | f hTqyy — 0.+0.I | hTq,, — ¢hTql,, + hTqR,, Charged Symmetric Tensor -
hTqy 5 — 0.+ 0.1 quark coupling constant
hTqy 5 — 0.
hTqy; — 0.+ 0.1
hTqy 5 — 0.+ 0.1
hTqy 5 — 0.
hTqs, — 0.
hTqs 5 — 0.
hTqs 5 — 0.
hUq | F | £ § hUq; ; — 0.4+ 0.7 | hUq,;, — hUql, , + hUqR,, , Charged axial Symmetric
hUq; o — 0.4 0.7 Tensor - quark coupling
hUq; 3 — 0. constant
hUqy; — 0.+ 0.1
hUqg o — 0.4+ 0.7
hUqy 3 — 0.
hUqz; — 0.
hUqs 5 — 0.
hUq;z 3 — 0.

Table 36: 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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NV

D

PN

10

Description

hYq

hZq

hT1

hUl

f, £

f, £

f, £

3

f, £

hYq; ; —0.+0.
hYq; 5 — 0.+0.1
hYq; 3 — 0.
hYqy; — 0. +0.1
hYqy o — 0.4+ 0.7
hYqy 3 — 0.
hYqs; — 0.
hYq; 5 — 0.
hYq; 3 — 0.
hZq, ; — 0.+ 0.1
hZq, 5 — 0.+ 0.1
hZq, 3 — 0.
hZqy; — 0.+ 0.1
hZqy 5 — 0.+ 0.1
hZqy 3 — 0.
hZqs;, — 0.
hZqs 5, — 0.
hZqs 5 — 0.
hTl 1 — 0. 4+0.1
hTl 2 — 0.4+ 0.1
hTl 3 — 0.
hTlp 1 — 0.4+ 0.1
hTlp o — 0.4+ 0.1
hTly 3 — 0.
hTl3; — 0.
hTlz 2 — 0.
hTl; 3 — 0.
hUl; ; — 0.4 0.
hUlL 2 — 0.4+ 0.1
hUl; 3 — 0.
hUl, ; — 0.4+ 0.
hUl; » — 0.4+ 0.1
hUly 3 — 0.

hYQa,b — ithIa,b + thRa,b

tha’b — ithIa,b + thRa,b

hTl,, — ihTll,, + hTIR,,

hUl, , — ihUll,, + hUIR,

Charged Symmetric Tensor -

quark coupling constant

Charged axial Symmetric
Tensor - quark coupling

constant

Charged Symmetric Tensor -

lepton coupling constant

Charged axial Symmetric
Tensor - lepton coupling

constant

Table 37: 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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P|C|T1]|V NV D PN | IO | Description

hUl5; — 0.
hUl5 5 — 0.
hUl3 5 — 0.
hYl | F | f, f hYl; ;1 — 0.40.1 | hYl,, — thYll,, + hYIR, Charged Symmetric Tensor -
hYl; 2 — 0.4+ 0.1 lepton coupling constant
hYl; 3 — 0.
hYl,; — 0.4+ 0.1
hYly 9 — 0.4 0.1
hYly 3 — 0.
hYl;; — 0.
hYl; 5 — 0.
hYl3 5 — 0.
hzl | F | f, f hZl; — 0.+0.I | hZl,, — thZll,, + hZIR, Charged axial Symmetric
hZly 9 — 0. +0.1 Tensor - lepton coupling
h7l; 3 — 0. constant
hZly; — 0.+ 0.1
hZly o — 0.+ 0.1
hZly 5 — 0.
hZls3, — 0.
hZl3 > — 0.
hZl5 3 — 0.

Table 38: 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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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

!
VvV
uq
uq
VvV

6.3 V;

G
G
TV

dq

dq
TV

™V

_ W N =

W N~ WD =W N

W N = WD = WD =W NN

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

_i752,51 SgPdIfg,fl 6i1 2 T Vse,s1 SgPdeg,fl 5i17i2 - ngIfg,fl 6i1 BY) 552,51 + ingsz,fl 6i1 BY) 552,51

—iVS2,S15gPHf2,f1 - ’YS2,S15gP1Rf2,f1 - gSHfg,fl Osy,5 + igSIsz,fl 0551

. 5 5 .
—1s3,52 gPqug,i’2 6i2,i3 — Vss,s2 gPuRt'3,f2 5i27i3 - gSUIf3,i’2 6i2,i3 553,52 + nguRf3,i’2 6i2,i3 553,52

—gVegp 1 #2 Pt 1 P33 da; ay + EVEDP3? Oay a0 Mps 12 P1 P2

—Vsa,s1 Ha ngIt'2,f1 5i17i2 + i’ys27sl Hs ngRb,fl 6i1 o T gAdIb,fl 5i17i2 7“3 '7552 ,S1 + igAdez f1 5i1 )iz 7”3 '7552751

Yoo "8V, ¢ 4 175y ,6, 08 VIRy, 5 — gAlL, ¢ 754, 6, +18AIRg, ¢ 75 P, 6

_’Yszqslﬂggvulfg,fl 511112 +Z’Y$2751 #%gVUng,fl 511112 - gAUIfg,fl 5117127#%"7 S2,S1 +ZgAung,f1 5117127#%"7 S2,S1

lZ.ngpl'ugﬂp2'u3’15a1,a277,u17,u2 + lZ.ngpl'uS’lp2'u3’25a1,a277,u17,u2 - lingpllQp2#3’2531732n#17#3,1 -
%Z:ngp1#2p2#3’153113277#11#3,2 - Zigigp1#3’2p2ulaa1@2”#2#3,1 - Zingp1#3’1p2M5a1,a277#27,u3,2 +
Znggéahaz Ny a2 Mo, s, P1-P2 + %Zng&alxanHlvNS,l Nz ps,2P1-P2

—gTdIfth*p2“3*2752751“3*16i1)12 - igTdel,fg*p2M3’2752781M3’16i1,i2 - gTdIfl,fg*p2M3’1'7527sl M3’26i1,i2 -
igTdel,fg*p2#3’1752181#3’25i17i2 - pl‘u3’2752751“3’1gTdIf2)f1 5i17i2 - plua’l782751#3’2gTdIf2,f1 5i17i2 +
D112 Y5y 5, M1 8TARy, 1, 61y iy + 1D1 75 sy, 228 TRy, g, 0y 3, — UL, g, Dot 20, 1,790 7 550, —
igUdel,f2*p2H3’25i17i27H3’1 '7552181 - p1H3’2gUdIb,flail,bﬁyus’l'7582751 +

P12 gUdRy, f, 01, 07" Y sa s — UL, g, *Pot1 61y 1379927 %500 —

igUdel,fz *p2H3’1 5i17i27H3’2 '7582,51 _plus’lgUdIfg,fl 5i17i27H3’2 '7552751 +ip1H3,1 gUdez,fl 5i17i27H3’2 '7552751
—gT, ¢, " Po"32Ysy,5, 1%t — 18TIR, ¢, Dot 295y 8, %t — 8T, ¢ "Dl sy, 152 —

18 TIR, p, "Po"* Yoy s 32 — P17 2 Y5y, 31 8T, ¢ — D173 Yoy 328 T, ¢, +

ip1M3,2752751 HsylngRb,fl + iplus’l782751M3’2gT1Rf2,f1 - gUHfl,fg*pQMS’ZFYMS’l '7552751 -
igUIRy, 5, *Pot®2 #3814, s, — Py #®2gUlLy, ¢ 731 45, o, + 1D #32gUIRy, ¢ y#o1 A0, 6, —
gUHfl,fg*Pz”s‘W”s‘z-75;2,s1 —igUIRy, ¢, *pota1yHe2 A0, o — py 81 gUIL, ¢ 743245, 5, +

ip1 "1 gUIR, ¢ 793297, 5
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6.4

6.5

™™V 1
uq 2

uq 3

svpf
uq

svpf

vl

SVP

vl
dg
SVP
uq

vvPf

vl

vvPpf

w

W N = W N gy N

W N = W N =

[ NI

—gTuly, ¢, *PgH 255,551 01y i — 18TURY, ¢, "DgH 2 V55,8511 01y i — TUL, ¢ "D Yog 011201y 15 —
ig’I‘llRf2,f3*pgﬂl,l')/ss,sz”laéimis - p2“1v2’7s;;,szul’1g’I‘qu&b&iz,is - pQMI’l753752M1’2gTquavfééi%i?’ +
ip2N1,2'Ys3,sQH1,l nglRf3,f26i2,i3 + ip2ul’1'753,52M1’2g’I\L1Rf3,f25i27i3 - gIJqu2,f3*p3ulg5i2’i3/}/uly1 "7553’52 B
’L.gUU.sz,fs*pS'ulﬂ5i2,i3’7#1’1.'75s3,52 - p2#1’2gUU‘If?nfzéi?’i?’,y‘ul,l"7553’52 +
’L'p2‘ul’2gUung,baiz,is’Y#l’l'7553152 - gUqu%fii*pg‘ul,l5i2’i37#1,2.7583752 h

igUuRy, ¢ "3 0iy 572 05500 — D21 UL 163y 51,7702 Y s, 0 T2 UUR, 16y 15,7712 7 sy 00

ithIfg,fl *751,5355i1,i3 - thng,fl Y1 ,S355i1 s T hSqIf37f1 "0y s O 50 ihquf@"fl “Oiniadsi oo

ihPlIf37f1 *’751753 5 hPlRf3)f1 *’751753 5 + hSlIf37f1 *651753 + ihSlng,fl *651 ,53

_Z"Vss,sl5hPHf3,f1 - Vsa,sl5hPlRf3,f1 — hSlIg, ¢, 553751 + ihSIRg, ¢, 653151

_2_7831815hpq1f31f1 5i1,i3 _ 7837515thRf37f1 5i1,i3 — hSqIfsﬁfl (Sil,ig 553,S1 + ihquf»g,f1 5i1,i3 653,81

—Vsa,s1 H?’hVHfz,ﬁ + i'752,s1 Hs thRf27f1 - hAHf2,f1 e '/7582,51 + ihAlRf%fl 7M3'7552’51

R 13 thIfz)fl 5i1 i + i7S2181#3 thsz,fl 5i1 o — hAqIf27f1 5i1 Jio '-)/#3 _'-)/552,51 + ZhAqug el 5i1 Jig 7#3 .")/552,S1

hValg, ¢ %7, 5" 0i 0 + ihVARy, ¢ s, 007201y 1, + DAQTE, ¢ 05, 177275, 00 +
ihAqu21fl *5i1,i2 '7“3 -7551 ;82

hVITg, £, s, 507 4 thVIR G, 1, *9s, 6,4% + DAL 1, *9#2 4%, s, + ThAIRg, ¢, 742 4, s,
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6.6

Ve

TVP

vl

TVP
uq

TVP!
uq

TVP!

vl

|
|
( d‘q
|

_plﬂz,zfysa)slll«z,l hTHfg,,fl — pIHZ,lfyss’SlHZ,QthIfs)fl + iplﬂz,zvss)slﬂz,l thRfs,fl +

ipluz’l’%g,sl Hz,th]Rf37f1 + p3M2,2,7537S1M2,1 hYHf&fl + p3u2’1’7s;g,51uz’2hYHfg,,fl —

ip3M2’2’753,s1 uz’thlng,ﬁ - ipSHZ’l’Ys:g,m uz’thIng,,ﬁ - pluz’QhUHfg,,fl '7“2’1 -'75S3,51 +
ip1#2’2hUlRfs,f17#2’l'7583181 + p3#2’2hZHf3,f17#2’1"7553181 - Z.p3'u2’2hZH{f?nle)“u2’1 '7583181 -
p1#2’1hUHf37f17#2’2"7583751 + ip1#2’1hU1Rf31f17#2’2'7553151 + p3#2’1hZHf3,f1FY'u2’2'7553751 -
ip3#2’1hZ1Rf3,f17#2’2"7583751

_p1M2,27S37sl HZYIthIfg,fléil;iS - p1H2’1753,SluzythqIfg,fléil,is + ip1M2,2,7537S1Mz,lthRf&fléihiS +
ipluz’l/ysmsl Hz’thqug,,fl 5i17i3 + p3M2’2’7b‘3751M2’1thIfg,,fl 6i1,i3 + pBHZ’l/753751szthqIfg,fléil,is -
iP3H22 Vs 5 "2 WY Ry, ¢ 01y i — 1D3H2 0 Ysg,5, M2 2 WY QR 1, 03y i; — P1#22hUdl, ¢ 5i1,i37“2’1-75S3,s1 +
ip1#2’2thRf3,f1 5i17i37#2’1'7583151 + p3#2’2thIf3,f15i17i37#2’1'7553151 -
ipgh22hZaRy, p, i, 572 Y s s — Pr 2 AUl 1 0y 3379229 s 5, +

ipluz’thqug,,fl 5i17i37H2’2'7583181 =+ pBHZ’lthIf3,f15ilyi37H2’2'7583751 - Z.p3uz’1th}{fg,,fl(Silyi?.’yuzg'F)/LL—)S?.,Sl
_thIfg.,fl*p1M2’2’751753H2’16i1,i3 - Z‘thRfmfl*p1u2,2751753u2,15i1)i3 + thIf3,f1*pSHZ’stl,Ssuz’léihis +
ithRfs,ﬁ*p3M2’2'751753M2’15i17i3 - thIf?”fl*p1M2,1,751753H2,26i1)i3 - ithRfS7fl*p1H2,17S17S3H2,26i1)i3 +
thIf?”fl*p3#2’1751753#2’25i1,i3 + ithRf37f1*p3#2’1’}/51753#2’2511113 - thIfg,fl*p1#2’25i17i37#2’1"7581183 -
ithRf@,,fl*p1#2’25i17137#2’1'7581753 + thIfs,ﬁ*p3#2’25i17137#2’1"7581183 +
ithRf@.,fl*p3M2’25i1,i37M2’1"7581,83 - thIf3,f1*pluz’léilyisf}ﬂz’z'7581183 -
ithRf3,f1*pluz’lé‘ihiswuzg'7551753 + thIf3,f1*pSleé‘il,iswuz’Q"7551,53 +
ithRfa,ﬁ*p3M2’15i1,i3’7M2’2"7551753

_hTHf&ﬁ*p1#2’2ﬁys1,s3#2’1 - ithRfsqfl*p1#2’2781753#2’1 + hYHfol*p3#2’2751,s3#2’1 +
ihY]Rf&ﬁ*p3#2,2751183#2,1 _ hTHfg,fl*pl'LQ’I751753#2’2 _ ithRf&fl*p1#2,1781753#2,2 +
hYHfs,fl*p3H2’1751183M2’2 + Z‘hYlRf&fl*p3M2,17817S3M2,2 - hUHfsyfl*pluz’Q'}/Hz’l "7581,83 -
ihUlRfS)fl*p1H2,2/yH2,l "7551753 + hZHfs,ﬁ*pBHz’z/yuz’l "7551753 + ihZIRfmﬁ *p3H2,27H2,1 "7551,53 -
hUHfa,fl*p1H2’17H2’2'7551753 - ihUlRf:hfl*p1M2’17H2’2'7551,53 + thIf37f1*p3M2’1’7H2’2'7551,53 +
ihZIRfs,fl*p3#2’17#2’2'7551753
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