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Abstract
We describe the implementation of the 3-Site Model model using the FeynRules package.
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1 Introduction

We describe the implementation of the 3-Site Model model using the FeynRules [3] package. More information about this
model can be found in [1]-[2].

2 Gauge Symmetries

The gauge group of this model is

SU20 x SU21 x Ul2 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
SU20 F WO g ep0 ep0 — Eps
SU21 F W1 gt epl epl — Eps
U12 T W23 gp Y
SU3C F G gs f T

Table 1: Details of gauge groups.

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

Index Symbol | Range
Gluon a 1-8
SU20 s 1-3
SU21 t 1-3
Generation f 1-3
Colour i 1-3

Table 2: Definition of the indices.



3 Fields

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

3.1 Vector Fields

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

Class | SC | T | FI QN | Mem M W PDG
A T A 0 0 22
Z T 7 MZ= 91.1876 | WZ= 2.4952 23
W F R=1| W MW= 80.398 | WW= 2.141 24
7P T 7P | MZP= Internal WZP=5 6000023
WP | F QR=1| WP MWP= 500 WWP=15 | 6000024
G T | a G 0 0 21

Table 3: 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 4.

Class | SC | I | FI | QN | Mem Definitions
Wop | F WOp WOp,, — vOWW,, + vOWPWP,,
Wilp | F Wip Wip,, — vIWW,, + vIWPWP,,
t
WO | T |s| s WO WO, — —oPut WOP,
i(—WO0p, +Wop!
WOMQ — ——( p\‘}; p”)
W0, 3 — v0gA, +v0ZZ, + vOZPZP,,
t
WL | T [t]t W1 Wi, g — e T
i(—=W1p,+W1pf
Wi, — _%
W1, 3 — vlgA, +v1Z2Z, + v1ZPZP,
w23 | T W23 | W23, — v2gA, + v2ZZ, +v2ZPZP,

Table 4: Details of unphysical vector fields. The headers are as follows: SC = self conjugate, I = indices, FI = flavor index,
QN = quantum numbers, and Mem = members.

3.2 Fermion Fields

In this subsection, we describe the fermion fields of our model. The details of the physical fermions can be found in Table 5.
The details of the unphysical fermions can be found in Tables 6, 7.

3.3 Scalar Fields

In this subsection, we describe the scalar fields of our model. The details of the physical scalars can be found in Table 8.
The details of the unphysical scalars can be found in Table 9.

3.4 Ghost Fields

In this subsection, we describe the ghost fields of our model. The details of the physical ghosts can be found in Table 10.
The details of the unphysical ghosts can be found in Table 11.



Class | SC | T | FI QN Mem M W PDG

n F f f | LeptonNumber = 1
nl 12
n2 14
n3 16

1 F f f Q=-1 Ml

LeptonNumber = 1 el me= 0 11

e2 mmu= 0.1057 13
e3 mta= 1.777 15

u F |fi] f Q=2/3 Mu
ul mup= 0 0 2
u2 mch= 1.27 0 4
u3 mto= 171.2 wto= 1.50834 6

d F |fi] f Q=-1/3 Md
dl mdo= 0 1
d2 mst= 0.104 3
d3 mbo= 4.2 5

hn F f f | LeptonNumber =1 MhNu= Internal WhNu
hnl WhNul=1 | 6000012
hn2 WhNu2=1 | 6000014
hn3 WhNu3=1 | 6000016

hl F f f Q=-1 Mhl Whl

LeptonNumber =1 | hel MhEI= Internal WhEl= 1 6000011

he2 | MhMu= Internal WhMu= 1 6000013
he3 | MhTa= Internal WhTa= 1 6000015

hu F | fi] f Q=2/3 MhU
hul | MhUp= Internal WhUp=1 6000002
hu2 | MhCh= Internal WhCh=1 6000004
hu3 | MhTo= Internal WhTo= 1 6000006

hd F | fi] f Q=-1/3 MhD
hdl | MhDo= Internal WhDo= 1 6000001
hd2 | MhSt= Internal WhSt= 1 6000003
hd3 | MhBo= Internal WhBo= 1 6000005

Table 5: 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 Definitions

nL0 F f f
nlL0 nlL0s — vLOhNuhnl, + vLOnunlg
n2L.0 n2L0; — vLOhNuhn2, + vLOnun2,
n3L0 n3L0; — vLOhNuhn3, + vLOnun3,
el.0 F f f Q=-1

elLLO elL0, — vLOelely + vLOhElhel,
muL0 mulL0; — vLOmue2g + vLOhMuhe2,
talLO0 talL0g — vLOtae3s + vLOhTahe3,

uL.0 F | fi] f Q=2/3
upL0 upLO&c — vLOhUphul, . + vLOupuls .
chLO | chLOs . — vLOhChhu2, . + vLOchu2; .
toL0 toLOs, — vLOhTohu3, . + vLOtou3; .
dLo F |fi| f |Q=-1/3
doL0O | doL0Os,. — vLOdodl, . + vLOhDohd1; .
stLO stLOg . — vLOstd2, . + vLOhSthd2; .

boL0O | boLOs . — vLObod3s . + vLOhBohd3; .
nL1 F f f
nlL1 nlLl, — vL1hNuhnlg + vL1nunlg
n2L1 n2L1, — vL1hNuhn2, + vL1nun2,
n3L1 n3L1; — vL1hNuhn3, + vL1nun3,
elL1 F f f Q=-1

elL1 elLl, — vLlelel, 4+ vL1hElhel,
mul.1 mull, — vL1lmue2, + vL1hMuhe2,
talLl taLly — vL1tae3s + vL1hTahe3;

ull F |fi]| f Q=2/3
upLl | upLl, . — vL1hUphul, . + vLlupuls .
chLl | chL1, . — vL1hChhu2; . + vL1lchu2; .
toLi1 toL1l, . — vL1hTohu3, . + vL1tou3s .
dL1 F |fi| f | Q=-1/3
doL1 | doLl, . — vLldodl, . + vL1hDohd1; .
stL1 stL1s,. — vL1std2, . + vL1hSthd2, .

boLl | boLls . — vL1bod3s . + vL1hBohd3; .
nR1 F f f
nlR1 nlR1, — vR1hNuhnl, + vR1Inunl,
n2R1 n2R1; — vR1hNuhn2, + vR1nun2,
n3R1 n3R1; — vR1hNuhn3, + vR1nun3,

Table 6: Details of unphysical fermion fields. The headers are as follows: SC = self conjugate, I = indices, FI = flavor index,
QN = quantum numbers, and Mem = members.



Class | SC | T | FI QN Mem Definitions

eR1 F f f Q=-1

elR1 elR1y — vRlelelg + vR1hElhel,
muR1 muR1; — vR1mue2, + vR1hMuhe2,
taR1 taR1, — vR1tae3; + vR1hTahe3,

uR1 F | fi] f Q=2/3
upR1 | upR1, . — vR1hUphul; . + vRlupul; .
chR1 | chR1l, . — vR1hChhu2, . + vR1chu2, .
toR1 toR1, . — vR1hTohu3, . + vR1tou3, .
dR1 F |fii| f|Q=-1/3
doR1 | doR1,. — vRldod1s . + vR1hDohdl, .
stR1 stR1s . — vR1std2, . + vR1hSthd2, .
boR1 | boR1s . — vR1bod3, . + vR1hBohd3; .
nR2 F f f
nlR2 nlR2, — vR2hNuhnl, + vR2nunl,
n2R2 n2R2, — vR2hNuhn2, + vR2nun2,
n3R2 n3R2, — vR2hNuhn3, + vR2nun3,
eR2 F f f Q=-1
elR2 elR2, — vR2elels, + vR2hElhel,
muR2 muR2,; — vR2mue2; + vR2hMuhe2,
taR2 taR2y — vR2tae3s + vR2hTahe3,
uR2 F | fi] f Q=2/3
upR2 | upR2, . — vR2hUphul; . + vR2upul; .
chR2 | chR2; . — vR2hChhu2;, . + vR2chu2; .
toR2 toR2; . — vR2hTohu3, . + vR2tou3, .
dR2 F |fi| f | Q=-1/3
doR2 | doR2, ., — vR2dod1; . + vR2hDohd1, .
stR2 stR2; . — vR2std2, . + vR2hSthd2; .
boR2 | boR2; . — vR2bod3; . + vR2hBohd3; .

Table 7: Details of unphysical fermion fields. The headers are as follows: SC = self conjugate, I = indices, FI = flavor index,
QN = quantum numbers, and Mem = members.

Class | SC | 1| FI | QN Mem | M | W | PDG

piZ T piZ

piW F Q=1 piW
piZP T piZP
piWP | F Q=1 | piWP

Table 8: 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.



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

p0 T p0O p0 — piZvO0pi0 + piZPv0piOP
pOp F pOp | pOp — piWvO0pi + piWPv0OpiP
pl T pl pl — piZv1pi0 + piZPv1piOP
plp F plp | plp — piWvlpi+ piWPv1piP

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

Class SC | I|FI QN Mem M | W | PDG
ghA F ghA
ghZ7, F ghZ
ghWp F Q=1 ghWp
ghWm F Q=-1| ghWm
ghZP F ghZP
¢ghWPp | F Q=1 | ghWPp
ghWPm | F Q=-1| ghWPm
ghG F | a ghG

Table 10: 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 FI | QN Mem Definitions
ghostWO0p F ghostWO0p ghostW0p — ghWpvOW + ghWPpvOWP
ghostW0m F ghostW0Om ghostWOm — ghWmvOW + ghWPmvOWP
ghostW1lp F ghostW1lp ghostWlp — ghWpvlW + ghWPpv1WP
ghostW1lm F ghostW1lm ghostWlm — ghWmv1lW 4+ ghWPmv1WP
ghostW03 F ghostW03 ghostW03 — ghAv0g + ghZv0Z + ghZPv0ZP
ghostW13 F ghostW13 ghostW13 — ghAvlg + ghZv1Z + ghZPv1ZP
ghostW23 F ghostW23 ghostW23 — ghAv2g + ghZv2Z + ghZPv2ZP
ccghostWOp | F ccghostWOp ccghostW0p — gthTVOW + ghWPpTVOWP
ccghostWOm | F ccghostW0m ccghostW0Om — gthTVOW + ghWPmTVOWP
ccghostWlp | F ccghostWlp ceghostWlp — ghWpiviW 4+ ghWPplvIWP
ccghostWlm | F ccghostWlm ccghostWlm — gthTVIW + ghWPmTVIWP
ccghostW03 | F ccghostW03 | ccghostW03 — ghATVOg + thTVOZ + thPTVOZP
ccghostW13 | F ccghostW13 | ccghostW13 — ghATvlg + thTvlz + thPTVIZP
ccghostW23 | F ceghostW23 | ceghostW23 — ghATv2g + ghZTv2Z + ghZPTv2ZP
ghWO F 3 ghWO ghWOl N ghostWOmjﬁghostWOp
ghW02 N _z(ghostWOn\l/—ighostWOP)
ghW0; — ghAv0g + ghZv0Z + ghZPv0ZP
ehW1 F ¢ ehW1 ghW1, — ghosthm\/gghostwm
ghW1, — _z(ghosthn\l/gghostWIp)
ghW1l,; — ghAvlg + ghZv1Z + ghZPv1ZP
ghW23 F ghW23 ghW23 — ghAv2g + ghZv27Z + ghZPv27ZP

Table 11: Details of unphysical ghost fields. The headers are as follows: SC = self conjugate, I = indices, FI = flavor index,
QN = quantum numbers, and Mem = members.




4 Lagrangian

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

4.1 Lgauge

300 el + 300 Gyl D Gl = 304 Cual® = 300 WO )+ 30, (W00l B [WOua] — 10, (W) = 30, [Whpal +
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EpRnuMFp1%n2L17. P, n2R2 , EpRnuMFplpplp n2L1. P, n2R2 iv2EpRnuMFplpn2R27. P_ .muL1

- e PPl 2l — EpRnuMFn2R27.P_.n2L1 +

iEpRnuMFp1n2R2T. P_ .n2L1 4 EpRnuMFp12n2R2t. P_ n2L1
fpi 2fpi?
iEpRnuMFp1n3L1Jr.P+.n3R2 EpRnuMFp12n3L1Jr.P+.n3R2 EpRnuMFplpplpTHBLlf.l%r.n3R2 i\/ﬁEpRtaMFplpn3Llf.P+.taR2
- + e + . — . —
fpi 2fpi fpi fpi
iEpRnuMFp1n3R27.P_ .n3L1 EpRnuMFp12n3R2". P_ .n3L1 EpRnuMFplpplp n3R2t.P_ .n3L1
EpRnuMFn3R2". P n3L1 4 = e R RO SRR E n
iv2EpRnuMFplpn3R2f.P_ tall iv/2EpLMFpOpnL0'. P, .eR1 iEpLMFpOnL0'.P, nR1
IV2EpRnuMEp Lo ALl VEERIMEpOpnLOTPeoR] o MFRLOT. Py mR1 — “PRIMPRONLOL Py i1
EpLMFp02nL0. P, .nR1 EpLMFpOppOp nL0T. Py .nR1 iv2EpLMFpOpnR1T.P_ .eL0 ;EpLMFpOnR1".P_ .nLO
p p er;iz +oR1 Ep P ppfgi;l wonRL iv2Ep pf}x;in eLO EpLMFanT.P_.nLO + Ep p ?pi nko
EpLMFp0?nR1".P_ .nL EpLMF faR1T.P_ nL iv2E MFplp'taLlt.P, . n3R2
PLMIpO i1 P L0 4 BpLMPFpOppQp pRITPonl0 _ iv2EpRmuMEplp tald Py 0382 _ gpRiaMFtaLl!. Py taR2 +
iEpRtaMFpltall’.P, .taR2 EpRtaMFp12taL1’.P, .taR2 , EpRtaMFplpplp'taL1’.P, .taR2 |, iv2EpRtaMFplp'taR2.P_.n3L1
o + 2 + 2 + H -
fpi 2fpi fpi fpi
iEpRtaMFpltaR2".P_ taLl EpRtaMFp12taR2".P_ taLl EpRtaMFplpplpftaR2f.P_ taL1l
EpRtaMFtaR2".P_ tal.1 — S22kt T e -

t T
+ RRTRIPp b 2R 2k — EpRnuMFn3L1T. Py n3R2 —

+

4.5 LGold—Quarks

—dLIMFdR1".P_ — dL1'"MFP, .dR1 — MFuL1' P, uR1 — MFuL1uR1".P_ — EpRboMFboL1".P, .boR2 +
iEpRboMFplboL1'.P .boR2 | EpRboMFpl®boL1t.P;.boR2 | EpRboMFplpplpiboL1t.P;.boR2  iv2EpRtoMFplpiboLlt.P, .toR2

fpi + 2fpi? + fpi2 fpi
iEpRboMFplboR2".P_ boL1 , EpRboMFpl1?boR2'.P_.boLl1 , EpRboMFplpplpfboR2".P_.boL1
EproMFboR2T.P_.boL1 — 1EPEPoP fpc; e 2fp(i)2 oo 4 ZPRDOTTP ppf;’iz = o 4
iv2EpRboMFplpfboR2".P_ toL1 iEpRchMFplchL1".P, .chR2 |, EpRchMFpl2chL1'.P, .chR2
IV2EpRboMFpip bo °Ll — EpRchMFchL1f Py chR2 — ERRMIDIELL Py chit2 | BpRAMEp) du,l Py chR2
EpRchMFplpplpfchL1t.P, .chR2 iv2EpRstMFplpchL1T. P, stR2 iEpRchMFplchR2.P_ .chL1
prc P ppf;; +:C _ /2EpRs pf;ic +-5 — EpRChMFChRQT.P_.ChLl 4 =pe P fcpi < +
EpRchMFp12chR2'.P_.chL1 |, EpRchMFplpplpchR27.P_.chL1 iv2EpRchMFplpchR2T.P_ stL1
PRONMPpl chfty’ Prchll 4 EpRehMEplppip o bl . #v2BpRebMFplee Ll _ EpLMFdLO'. Py dR1 +
EpLMFp0dL0'.P, .dR1 , EpLMFp02dL0f.P,.dR1 , EpLMFpOppOp'dL0t.P,.dR1 iv2EpLMFpOp'dLOT.P, .uR1
IEpLMFpOALOL P dR1 | EpLMIpO dLD’.PedR1 | BpLMFpOppop ALOL.Pe.dR1_ v2EPLMEDOD dLOLPeuRL_pRdoMFdoLl!. Py doR2+
iEpRdoMFpldoL1'.P, .doR2 , EpRdoMFpl12doL1f.P,.doR2 , EpRdoMFplpplpfdoL1’.P,.doR2  iv2EpRupMFplp'doL1f.P, .upR2
) + — + o — _ —
fpi 2fpi fpi fpi
iEpRdoMFpldoR2T.P_.doL1 , EpRdoMFp12doR2".P_.doL1 EpRdoMFplpplpfdoR2t.P_.doL1
EpRdoMFdoR2". P_.doL1 — SRRebice B Tt e =+
iv2EpRdoMFplpfdoR2T.P_ .upL1 i EpLMFp0dR1T.P_.dL0 , EpLMFp0?dR17.P_.dL0 , EpLMFpOpp0Op'dR1T.P_.dLO
PRI o wll _EpLMFdR1!.P_.dLo— EPLMERodn + EpLMFp0°dR, + EpLMPp0pplp +
iv2EpLMFpOpTdR1T.P_ uL0 iv2EpRchMFplp'stL1T. P, .chR2 iEpRstMFplstL1T.P, stR2
iVaEp P f‘;i uL0 _ iv2EpRe pfgis +:C — EpRstMFstLlT.P+.stR2 4 =P8 pfspi 48 +
EpRstMFp12stL1T.P_ stR2 | EpRstMFplpplp'stL1f.P, stR2 iv/2EpRstMFplpfstR27.P_ .chL1
L pzf;z +8 + ZREETP ppfppi; +8 + iVZEpRs pfiib = —EpRstMFstRQT.P,.stLl —
iEpRstMFplstR2". P_ stL1 + EpRstMFp12stR2f.P_ .stL1 + EpRstMFplpplp'stR27.P_.stL1  iv/2EpRboMFplptoL1.P, .boR2
fpi 2fpi2 fpi2 fpi
iEpRtoMFpltoL1T.P, .toR2 , EpRtoMFp1%toL1t.P_.toR2 , EpRtoMFplpplp'toL1’.P, toR2
EpRtoMFtoL1". Py .toR2 — SRmemmbiem itz | SPmenmbon o o SRR R R 0
iv2EpRtoMFplptoR27.P_ boL1 iEpRtoMFpltoR2T.P_ toL1 EpRtoMFp12toR2T.P_ .toL1
D2 EpI Al Ll _ EpRtoMFtoR2".P_ toL1 + ERteMiphio oL 4 EpRoMEpl toF oLl |
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EpRtoMFplpplp'toR2f.P_.toL1  iv2EpLMFpOpuL0'.P,.dR1 1 __ 4EpLMFp0uL0f. Py .uR1
EpLMFuL0'. P .uR1 foi +

fpi2 - fpi
EpLMFp02uL0f.P, .uR1 EpLMFp0OppOpfuL0f.P, .uR1 iv2EpRdoMFplpupL1’.P, .doR2
DLMEPO Ly Peufl . EpLMEOppOp nh 0Pt  IVEEPRACMEpHpLL P02 — BpRupMFupLif. Py upR2 -
iEpRupMFp1upL1Jf .P, .upR2 EpRupMFplzupLN .P_.upR2 +
fpi? fpi

fpi + 2fpi2 +
T iEpRupMFp1upR2Jf .P_.upLl EpRupMFplQupRQt .P_.upL1 EpRupMFplpplpTupRQJf .P_.upL1
EpRupMFupR2'.P_.upL1 + foi + pi” + Toi2 +
iv/2EpLMFpOpuR1'.P_.dLO iEpLMFpOuR1".P_ .uL0 , EpLMFp0?uR1f.P_.uL0 , EpLMFpOppOpfuR1’.P_.uL0
P — EpLMFuR1".P_ uL0 4 ===t + +

EpRupMFplpplpJf ulet .P_.upR2 iﬂEpRupMFplpupRZT .P_.doLl

4.6 LGhost

—%fpi2 g2ccghostW03.ghost W03 + % g2p0ppOpTccghostWOS.ghostW03 + %ifp192pOpccghostWOB.ghostWOm —

- 9?p0p0Opccghost W03.ghost W0m — %ifpngpOpTccghostWOS.ghostWOp -5 ¢*pOp0p’ ccghost W03.ghost WOp +

%fpi2 ggtccghostW03.ghostW13 — % ggtpOppOpTccghostWOS.ghosth?) + %ifpiggtpOpccghostWO3.ghostW1m +

% ggtp0pOpccghostW03.ghostWlm — %ifpiggtp()pTccghostWO3.ghostW1p + 11—2 ggtpOpOpTccghostWO3.ghostW1p +
%ifpig2pOpTccghostWOm.ghostW03 — 1—12 g2p0p0pTccghostWOm.ghostW03 — %fpi2 g2ccghostW0m.ghost W0m —
%ifpig2pOccghostWOm.ghostWOm + % g2pOQchhostW0m.ghostW0m + 11—2 g2p0pp0pTccghostWOm.ghostWOm —

% g° (pOpJ‘)2 ccghostWOm.ghostWOp + %ifpiggtpOpTccghostWOm.ghosth?) + % ggtpOpOpTcecghost WOm.ghost W13 +
%fpiQQgtccghostWOm.ghosthrn — %ifpiggtpOccghostWOm.ghostWhn — % ggtp()%cghostWOm.ghostWlm —
%ggtpﬂppOpTccghostWOm.ghosthm + %ggt (pOp‘L)2 ccghostW0m.ghostWlp — %ifp192pOpccghostWOp.ghostWO3 —
= 9*p0p0pccghost WOp.ghost W03 — 5 g?pOpceghost WOp.ghostW0m — fpi®g?ceghost WOp.ghost WOp +
1ifpig?pOccghost WOp.ghostWOp + -5 g?p0®ccghost WOp.ghost WOp + 15 ¢?pOpp0Op’ ceghost WOp.ghost WOp —
7fpigetpOpccghost WOp.ghost W13 + % ggtpOpOpccghostWOp.ghost W13 + % ggtpOp?ceghost WOp.ghost Wlm +

%fpi2 ggtccghostWOp.ghostWlp + %ifpiggtpOccghostWOp.ghosthp — % ggtp0?ceghost WOp.ghostWip —

% ggtpOppOp’ ceghostWOp.ghostW1p + %fpi2 ggtccghostW13.ghostW03 — % ggtpOppOp T ccghostW13.ghost W03 —
iifpiggtpOpccghosth3.ghostWOm + 1—12 ggtpOpOpccghostW13.ghostWOm + iifpiggtpOpTccghosth?).ghostWOp +
%ggtpOpOpchghostWB.ghostWOp — %fpngtQccghostW13.ghostW13 + %thpOppOpTccghostW13.ghostW13 +
%thplpplpTccghosthS.ghostW13 — iifpigt2p0pccghostW13.ghostW1m — %thpOpOpccghosthS.ghosthm +
iifpigt2p1pccghostW13.ghostW1m — %thplplpccghostW13.ghostW1m + %ifpithpOpTccghostW13.ghostW1p —
%thpOpOpTccghosth?).ghosthp — iifpigt2p1pTccghosth?).ghosthp — %gt2p1p1pTccghosthS.ghosthp +
%fp12gpgtccghosthS.ghostW% - % gpgtplpplp'ceghostW13.ghostW23 — iifpiggtpOpTccghosthm.ghostW03 +

% ggtpOp0OpccghostW1lm.ghost W03 + %fpi2 ggtcecghostWlm.ghost WOm + %ifpiggtpOccghostW1m.ghostW0m —
%ggtp02ccghosthm.ghostWOm — %ggtpOppOpTccghosthm.ghostWOm + %ggt (pOpJ‘)2 ccghostW1lm.ghostW0p —
iifpithpOpTccghosthm.ghostW13 — %gt2pOpOpTccghosthm.ghostW13 + %ifpigt2plpchghost\Nlm.ghostW13 —
%gt2p1p1pTccghosthm.ghostW13 — %fpngt2ccghostW1m.ghostWlm + %ifpigt2pOccghosthm.ghostWlm +
%gt2p02ccghostW1m.ghostWlm + %gt2p0pp0pTccghosthm.ghostWlm — %ifpigt2plccghosthm.ghostWlm +
%gt2p12ccghostW1m.ghostW1m + %gtzplpplpTccghosthm.ghosthm — %gt2 (pOpJ‘)2 ccghostWlm.ghostWilp —
%th (plpT)2 ccghostWlm.ghostWlp + %ifpigpgtplpTccghosthm.ghostW23 + 1—12gpgtp1p1pTccghosthm.ghostW23 +
7ipiggtpOpceghostWlp.ghost W03 + % ggtpOpOpccghostWlp.ghost W03 + % ggtpOp?ccghostWp.ghost WOm +
%fpizggtccghostWlp.ghostWOp — %ifpiggtpOccghostW1p.ghostWOp — % ggtp()%cghosthp.ghostWOp —
%ggtpOppOpTccghosthp.ghostWOp + %ifpigt2p0pccghostW1p.ghostW13 — %thpOpOpccghostW1p.gh0stW13 -
ZifpithplpccghostW1p.gh0stW13 — %gt2plplpccghosthp.ghostW13 - %gt2pOp%cghosthp.ghosthm —
%gt2plpzccghostVle.ghosthm — %fp12gt%cghosthp.ghosthp — %ifpigt2pOccghostW1p.ghostW1p +
%gt2p020(3ghostW1p.ghostW1p + %gt2p0pp0pTccghosthp.ghosthp + %ifpigt2plccghosthp.ghosthp +
%gt2pl%cghosthp.ghosthp + %gt2p1pp1pTccghosthp.ghosthp — iifpigpgtplpccghosthp.ghostW23 +
%gpgtp1p1pccghostW1p.gh0stW23 + %fp12gpgtccghostW23.ghostW13 — %gpgtplpplpTccghostW23.ghostW13 —
%ifpigpgtp1pccghostW23.ghostW1m + % gpgtplplpceghostW23.ghostWlm + %ifpigpgtplpchghostWZS. ghostWlp +
%gpgtplplpTccghostWZS.ghosthp — ifpizgpQccghostW23.ghostW23 + égp2p1pp1pTccghostW23.ghostW23 —
gpghW23".9,[W23BRST[u]] — ghG/.0,, [0, [ghG,]] — gh W09, [0, [ghWO,]] — ghW1!.0,, (3, [shW1,]] —

90u [Wou,C%OOO] ghWOsz'ghwob$6000epoa,b$6000,c$6000 — gtdy [Wlu,c%om] gthsz'ghW1b$6001epla,b$6001,c$6001 -
gs0, [Gu,c$5999] ghGL-gth$5999fa,b$59997c$5999 - gsghG];.(?# [8hGg5990] Ja,$5999,c85009 G 1, c$5999 —

gghWOl.BM [8hWOys6000] €P04,186000,c56000 WO c86000 — gtghVVllﬁu [8hW1y56001] €PLa bs6001,cs6001 Wy cs6001
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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 found in

P C|I Vv D PN BN OB 10 Description
aEWM1 | F 127.9 aEWM1 | SMINPUTS QED, -2 | alpha EM inverse at the 7Z
pole.
Gf F 0.0000116637 SMINPUTS QED, 2 | Fermi constant. Not used in

this implementation, but may

be used by some Monte Carlos.

aS F 0.1172 aS SMINPUTS QCD, 2 | Strong coupling constant at
the Z pole
M F 91.1876 SMINPUTS Z pole. The Z mass is set

separately as MZ. This
parameter is not used in this
implementation, but may be
used by some Monte Carlos.
MF F 4000. Heavy Dirac mass

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.

Table 12.
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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 \Y NV D PN 10 Description
gs F Eq. 2 1.21358 G QCD, 1 | Strong coupling constant at
the Z pole
oEW | F Eq. 3 | 0.00781861 aEW | QED, 2
EE F Eq. 4 0.313451 QED, 1 | Electromagnetic coupling
constant
cM F Eq. 5 0.881677 Ratio of masses of W and Z
sM F Eq. 6 0.471854 weak mixing angle
(Sqrt[1-MW2/MZ2])
RM F Eq. 7 0.160796 Ratio of masses
x F Eq. 8 0.33062 g/gtilde
t F Eq. 9 0.515755 gprime/g
EpL F Eq. 10 0.236954 Ideal Delocalization
g F Eq. 11 0.691631 g0 QED, 1 | g
gp F Eq. 12 0.356712 QED, 1 | gprime
gt F Eq. 13 2.09192 QED, 1 | gtilde
fpi F Eq. 14 333.371 decay constant
EpRnu | F 0. EpRnu — 0 EpR for neutrinos
EpRel | F 0. EpRel — 0 EpR for electron
EpRup | F 0. EpRup — 0 EpR for up quark
EpRdo | F 0. EpRdo — 0 EpR for down quark
EpRmu | F Eq. 19 | 0.000114607 EpR for muon
EpRta | F Eqg. 20 | 0.00192675 EpR for tauon
EpRch | F Eq. 21 | 0.00137702 EpR for charm quark
EpRst | F Eq. 22 | 0.000112764 EpR for strange quark
EpRto | F Eq. 23 0.188568 EpR for top quark
EpRbo | F Eq. 24 | 0.00455398 EpR for bottom quark
MZp F Eq. 25 501.681 Mass of Z prime
MhNu | F Eq. 26 4110.76 mass of the heavy Neutrino

Table 13: 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 IO = interaction order.

in Tables 13, 14, 15, 16, 17, 18. The values and definitions of the internal parameters will be written below.

gs = 2¢/7mVas
aEW = L
T aEWM1
EE = 2¢/7VaEW
MW
M=—
¢ MZ
sM = V1 — cM?
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P C \Y NV D PN | IO | Description
MhE] | F Eq. 27 4110.76 mass of the heavy Electron
MhMu | F Eq. 28 4110.76 mass of the heavy Muon
MhTa | F Eq. 29 4110.77 mass of the heavy Tauon
MhUp | F Eq. 30 4110.76 mass of the heavy Up quark
MhDo | F Eq. 31 4110.76 mass of the heavy Down quark
MhCh | F Eq. 32 4110.76 mass of the heavy Charm quark
MhSt | F Eq. 33 4110.76 mass of the heavy St quark
MhTo | F Eq. 34 4175.88 mass of the heavy Top quark
MhBo | F Eq. 35 4110.8 mass of the heavy Bottom
quark
vog | F Eq. 36 | 0453206 | vOg — EF photon at site 0
vig | F Eq. 37 | 0.149839 | vlig — % photon at site 1
v2g F Eq. 38 0.878722 v2g — % photon at site 2
v0Z F Eq. 39 0.875867 7 at site 0
v1Z F Eq. 40 0.108406 7 at site 1
v27 F Eq. 41 | —0.470218 7 at site 2
v0ZP | F Eq. 42 | —0.165716 Zp at site 0
viZP | F Eq. 43 0.982749 Zp at site 1
v2ZP | F Eq. 44 | —0.0821088 Zp at site 2
vOoW | F Eq. 45 0.985884 W at site 0
viIW | F Eq. 46 0.167427 W at site 1
vOWP | F Eq. 47 | —0.167427 Wp at site 0
viIWP | F Eq. 48 0.985884 Wp at site 1
Npi F Eq. 49 0.23057 Charged Goldstone Boson
normalization constant
vOpi | F Eq. 50 0.687541 Charged Goldstone Boson at
site 0
v1pi F Eq. 51 0.726145 Charged Goldstone Boson at
site 1

Table 14: 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 IO = interaction order.

RM =

MW

T MWP

,_ LERM® — V1 — 6RM? + RM

2RM

\/_ (—1+cM?2) (2cM? (22 +24) +22 (2422 — /AT ) +eM? (—26 4202 (—d-+vaTa? ) +at (—d+vatat)+2(—2+ViTat)))

cM?2 2 (z2+cM4(1+x2)2 —cM? (2+3x2+z4))

t =

EpL =

1
g:EE\/l—i—t—g—i—:c2

V2

V2z

V2 — a2 + A+ 2t
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P C \Y NV D | PN | IO | Description

vOpiP | F Eq. 52 | —0.726145 Heavy Charged Goldstone Boson
at site 0

vipiP | F 0.687541 Heavy Charged Goldstone Boson
at site 1

Npi0 | F Eq. 54 | 0.261513 Neutral Goldstone Boson
normalization constant

vOpi0 | F Eq. 55 0.69279 Neutral Goldstone Boson at
site 0

vlipi0 | F Eq. 56 | 0.721139 Neutral Goldstone Boson at
site 1

vOpiOP | F Eq. 57 | —0.721139 Heavy Neutral Goldstone Boson
at site 0

v1piOP | F 0.69279 Heavy Neutral Goldstone Boson
at site 1

vLOnu | F Eq. 59 | —0.973056 Left neutrino at site 0

vLOel | F Eq. 60 | —0.973056 Left electron at site 0

vLOmu | F Eq. 61 | —0.973056 Left muon at site 0

vLOta | F Eq. 62 | —0.973056 Left tauon at site 0

vLOup | F Eq. 63 | —0.973056 Left up quark at site 0

vLOdo | F Eq. 64 | —0.973056 Left down quark at site 0

vLOch | F Eq. 65 | —0.973056 Left charm quark at site 0

vLOst | F Eq. 66 | —0.973056 Left strange quark at site 0

vLOto | F Eq. 67 | —0.97472 Left top quark at site 0

vLObo | F Eq. 68 | —0.973057 Left bottom quark at site 0

vLInu | F Eq. 69 0.23057 Left neutrino at site 1

vLlel | F Eq. 70 0.23057 Left electron at site 1

vLImu | F Eq. 71 0.23057 Left muon at site 1

vL1ta | F Eq. 72 | 0.230569 Left tauon at site 1

Table 15: 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 IO = interaction order.

gp =EE

1412 4 222

/ 1 1
gt:EE 1+F+W

2v/2MW

fpi =

gtV2 2 Vit

EpRnu =0
EpRel =0
EpRup =0
EpRdo =0

17



P C \Y NV D PN | IO | Description

vLIup | F Eq. 73 0.23057 Left up quark at site 1
vLldo | F Eq. 74 0.23057 Left down quark at site 1
vLIich | F Eq. 75 0.230569 Left charm quark at site 1
vL1st F Eq. 76 0.23057 Left strange quark at site 1
vL1to | F Eq. 77 0.223429 Left top quark at site 1
vLlbo | F Eq. 78 0.230565 Left bottom quark at site 1
vRlnu | F 0. vR1nu — 0 Right neutrino at site 1
vR1lel F 0. vRlel — 0 Right electron at site 1
vRlup | F 0. vR1lup — 0 Right up quark at site 1
vR1ldo | F 0. vR1do — 0 Right down quark at site 1
vRlmu | F Eq. 83 | —0.000108515 Right muon at site 1

vR1lta | F Eq. 84 —0.00182432 Right tauon at site 1

vRlch | F Eq. 85 —0.00130382 Right charm quark at site 1
vR1st | F Eq. 86 | —0.000106769 Right strange quark at site 1
vR1to | F Eq. 87 —0.176059 Right top quark at site 1
vR1bo | F Eq. 88 —0.00431184 Right bottom quark at site 1
vR2nu | F 1. vR2nu — 1 Right neutrino at site 2
vR2el | F 1. vR2el — 1 Right electron at site 2
vR2up | F 1. vR2up — 1 Right up quark at site 2
vR2do | F 1. vR2do — 1 Right down quark at site 2
vR2mu | F Eq. 93 1. Right muon at site 2

vR2ta | F Eq. 94 0.999998 Right tauon at site 2

vR2ch | F Eq. 95 0.999999 Right charm quark at site 2
vR2st | F Eq. 96 1. Right strange quark at site 2
vR2to | F Eq. 97 0.98438 Right top quark at site 2
vR2bo | F Eq. 98 0.999991 Right bottom quark at site 2
vLOhNu | F Eq. 99 —0.23057 Left Neutrino at site 0
vLOhEl | F Eq. 100 —0.23057 Left Electron at site 0

Table 16: 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 =

EpRmu = \/
mta?

EpRta =
EpRch = \/

interaction order.

mmu? (—MF2

— EpL°MF? + mmu?)

MF? (—~EpL*MF? + mmu?)

(-MF?

— EpL*MF? + mta?)

MF? (—~EpL*MF? + mta?)

mch? (mch2 —

MF?

— EpL*MF?)

MF? (mch?

— EpL*MF?)

mst? (— MF2 EpL°MF? + mst?)
EpRst = N2 2
MF? (—EpL°MF? + mst?)

to? MF2 EpL?*MF? + mto?

EpRto = = ( 2p 5 - )
MF EpL MF~” + mto )
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P C|I \Y NV D PN | IO | Description
vLOhMu | F Eq. 101 | —0.23057 Left Muon at site 0
vLOhTa | F Eq. 102 | —0.230569 Left Tauon at site 0
vLOhUp | F Eq. 103 | —0.23057 Left Up quark at site 0
vLOhDo | F Eq. 104 | —0.23057 Left Down quark at site 0
vLOhCh | F Eq. 105 | —0.230569 Left Charm quark at site 0
vLOhSt | F Eq. 106 | —0.23057 Left Strange quark at site 0
vLOhTo | F Eq. 107 | —0.223429 Left Top quark at site 0
vLOhBo | F Eq. 108 | —0.230565 Left Bottom quark at site 0
vL1hNu | F Eq. 109 | —0.973056 Left Neutrino at site 1
vL1hEl | F Eq. 110 | —0.973056 Left Electron at site 1
vL1hMu | F Eq. 111 | —0.973056 Left Muon at site 1
vL1hTa | F Eq. 112 | —0.973056 Left Tauon at site 1
vL1hUp | F Eq. 113 | —0.973056 Left Up quark at site 1
vL1hDo | F Eq. 114 | —0.973056 Left Down quark at site 1
vL1hCh | F Eq. 115 | —0.973056 Left Charm quark at site 1
vL1hSt | F Eq. 116 | —0.973056 Left Strange quark at site 1
vL1hTo | F Eq. 117 | —0.97472 Left Top quark at site 1
vL1hBo | F Eq. 118 | —0.973057 Left Bottom quark at site 1
vR1hNu | F —1. vR1hNu — —1 Right Neutrino at site 1
vR1hEl | F —1. vR1hEl — —1 Right Electron at site 1
vR1hUp | F —1. vR1hUp — —1 Right Up quark at site 1
vR1hDo | F —1. vR1hDo — —1 Right Down quark at site 1
vR1hMu | F Eq. 123 —1. Right Muon at site 1
vR1hTa | F Eq. 124 | —0.999998 Right Tauon at site 1
vR1hCh | F Eq. 125 | —0.999999 Right Charm quark at site 1
vR1hSt | F Eq. 126 —1. Right Strange quark at site 1
vR1hTo | F Eq. 127 | —0.98438 Right Top quark at site 1
vR1hBo | F Eq. 128 | —0.999991 Right Bottom quark at site 1

Table 17: 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 IO = interaction order.

mbo” (mbo”® — MF? — EpL*MF?)
EpRbo = 5 5 s——>
MF? (mbo® — EpL°MF?)

MWPV2 + 22 + 1222 + VA + 27 — 26227 + 427

MZP =
V2+a22+Vitat
\/ 1+ EpL? + /1 + 2EpL? + EpL*MF
MhNu =
V2
1+ EpL? 4+ v/1 + 2EpL? + EpL*MF
— \/ pL? +/ p p

V2

MhMu = \/1

+ EpL? 4+ EpRmu? + \/1 + 2EpL? + EpL? + 2EpRmu® — 2EpL*EpRmu? + EpRmu’MF
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P ClI A% NV D PN | IO | Description
vR2hNu | F 0. vR2hNu — 0 Right Neutrino at site 2
vR2hEl | F 0. vR2hEl — 0 Right Electron at site 2
vR2hUp | F 0. vR2hUp — 0 Right Up quark at site 2
vR2hDo | F 0. vR2hDo — 0 Right Down quark at site 2
vR2hMu | F Eq. 133 | —0.000108515 Right Muon at site 2
vR2hTa | F Eq. 134 | —0.00182432 Right Tauon at site 2
vR2hCh | F Eq. 135 | —0.00130382 Right Charm quark at site 2
vR2hSt | F Eq. 136 | —0.000106769 Right Strange quark at site 2
vR2hTo | F Eq. 137 —0.176059 Right Top quark at site 2
vR2hBo | F Eq. 138 | —0.00431184 Right Bottom quark at site 2

Table 18: 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 IO = interaction order.

\/ 1+ EpL? + EpRta® + /1 + 2EpL? + EpL* + 2EpRta’ — 2EpL?EpRta’ + EpRta*MF

MhTa = 7% (29)
1+ EpL? + /1 + 2EpL? + EpL*MF
MhUp — V1L + ] 7 P P (30)
\/ 1+ EpL? + /1 + 2EpL? 4+ EpL*MF
MhDo = 7% (31)
\/ 1+ EpL? + EpRch? + /1 4 2EpL? + EpL* 4 2EpRch? — 2EpL?EpRch? + EpRch?MF
MhCh = % (32)
\/ 1+ EpL? + EpRst? 4+ /1 + 2EpL? + EpL* + 2EpRst? — 2EpL*EpRst? + EpRst*MF
MhSt = 7 (33)
\/ 1+ EpL? + EpRto® + /1 + 2EpL? + EpL* + 2EpRto” — 2EpL*EpRto” + EpRto’MF
MhTo = 7 (34)
\/ 1+ EpL? + EpRbo? + /1 + 2EpL? + EpL* 4+ 2EpRbo” — 2EpL?EpRbo? + EpRbo*MF

MhBo = 7% (35)

t
v0g = (36)

1+2(142?)

tx
vlig = 37
S ey sy (87)

1
v2g = (38)

1+12(1+22)
(—1+¢2)2? + \/4 + (=14 ¢2)% 24

v0Z = (39)

o (—14#2) 22 A (—1142) 221 ) (—14+£2) 224 /A4 (—1442)%24 )
t\/4+ ( o ) + ( e )
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—2+4 (=1 +t%) 22 + \/4+ (—1 +¢2) 24

\/5\/4+ (=14 12)* 26 — 2\/4+ (—142)% 2t 4 (=1 +2) a4 (—1+t2 + \/4+ (-1 +t2)2x4) + 22 (4— A+ (1422

vlZ = —

(40)
2
v27Z = — = - (41)
—2+(—1412) 224/ 4+ (- 1412) %zt —14+t2) 2244 /A+(—1+12) 224
\/4+( ( VI ), ( i )
(—1+412)a? - \/4 +(—1+12)% 2t
vOZP = - - (42)
oy GO /R | (oo /e
2— (=14t 2%+ \/4+ (=1 +#2)° 24
v1ZP = - = (43)
ta:\/4+ (—(—1+t2)12+\t/24+(—1+t2)214) N (2—(—1+t2)w2-§;W)
2
v27ZP = — (44)
2 2
(—(c1+0 /A 1727at). (2 (—14e2)ar /AT (1) a )
4 + t2 + t2x2
2— 22 + VAt
VOW = G e (45)
V2VA4+at + 2Vt ot — a2Va+ 2t
1
viW = (46)
2—x2 1527)°
\/1 4 (el
-2 24 \/4 4
VOWP = — R e (47)
2
S,
1
vIWP = (48)
2
e
Npi = \/ VIW? + (—vIW + vOWz)2 (49)
—v1iW + vOWx
Oopil= ———— "7 50
vOpi Npi (50)
viW
1pi = 51
vIpl = (51)
vOpiP = —vlpi (52)
v1piP = vOpi (53)
Npi0 = /(—v1Z + v0Zz)2 + (V1Z — tv2Zz)? (54)
. —v1Z+v0Zzx
v0Opi0 = 7Np10 (55)
v1Z — tv27x
1pi0 = —————— 56
VP Npi0 (56)
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vOpiOP = —v1pi0

v1piOP = vOpi0

1 —EpL? + /1 + 2EpL? + EpL?

vLOnu = — =
1-EpL2+4+/1+2EpL24+EpL*
2EpL\/1 + ( P 4EpL2p ’ )
1 —EpL? + /1 + 2EpL? 4+ EpL*
vLOel = —

(1 —EpL24+/142EpL2 +EpL4) 2
2EpL\/1 +

4EpL?

1 — EpL?® 4+ EpRmu® + \/EpL4 — 2EpL® (-1 + EpRmu®) + (1 + EpRmuQ)2

vLOmu = — ( =
1—EpL2+EpRmu2+\/EpL4—2EpL2(—1+EpRmu2)+(l+EpRmu2)2)
2EpL\/ 1+ =
Lo 1 — EpL? + EpRta” + \/ EpL*! — 2EpL? (-1 + EpRta®) + (1 + EpRta2)2
vLOta = —
(1—EpL2+EpRta2+\/EpL4—2EpL2(—1+EpRta2)+(1+EpRta2)2)2
2EpL\/ 1+ T
oLOup = — 1—EpL? + /1 + 2EpL? + EpL*
(1—EpL%M/1+2EpL2+EpL4)2
2EpL\/1 + g
1 — EpL? + /1 + 2EpL? + EpL?
vLOdo = —
(1—EpL24m/1+2EpL2+EpL4)2
2EpLA/ 1 + IEpL?
Lodh 1 — EpL® + EpRch? + \/ EpL* — 2EpL? (—1 + EpRch?) + (1 + EpRch2)2
vLOch = —
(lepL2+EpRch2+\/EpL472EpL2(71+EpRch2)+(l+EpRCh2)2)2
2EPL\/1 + IEpL?
o | — EpL® + EpRst® + \/EpL* — 2EpL (~1 + EpRst?) + (1 + EpRst?)’
vLOst = —
(1—EpL2+EpRst2+\/EpL4—2EpL2(—1+EpRst2)+(1+EpRst2)2)2
2EPL\/1 + IEpL?
Lo 1 — EpL? + EpRto® + \/ EpL*! — 2EpL? (-1 + EpRto”) + (1 + EpRt02)2
vLOto = —
(1—EpL2+EpRto2+\/EpL4—2EpL2(—1+EpRt02)+(l+EpRto2)2)2
2EpL\/ 1+ =
Lob 1 — EpL? + EpRbo? + \/ EpL* — 2EpL? (-1 + EpRbo?) + (1 + Epr02)2
vLObo = —
(1—EpL2+Epr02+\/EpL4—2EpL2(—1+Epr02)+(l+Epr02)2)2
2EpL\/1 + 4EpL2
1
vLInu = =
(1—EpL2+ 1+2EpL2+EpL4)
L+ 4EpL?
1
vLlel = =
(1—EpL2+\/1+2EpL2+EpL4)
L+ IEpL?
1
vL1mu = =
(17EpL2+EpRmu2+\/EpL472EpL2(71+EpRmu2)+(1+EpRmu2)2)
L+ 4EpL?
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1

Vtha = 2
(1—EpL2+EpRta2+\/EpL4—2EpL2(—1+EpRta2)+(l+EpRta2)2)
L+ 1EpL?
1
vLlup = =
(17EpL2+\/1+2EpL2+EpL4)
L+ IEpL?
P
1
vL1do = =
(17EpL2+\/1+2EpL2+EpL4)
1+ TEnL2
pL
1
vL1ch = =
(1—EpL2+EpRCh2+\/EpL4—2EpL2(—1+EpRch2)+(1+EpRCh2)2)
L+ 1EpL2
1
VLlSt = 2
(1—EpL2+EpRst2+\/EpL4—2EpL2(—1+EpRst2)+(1+EpRst2)2)
L+ 1EpL?
1
VthO = 2
(17EpL2+EpRt02+\/EpL472EpL2(71+EpRt02)+(1+EpRt02)2)
L+ 1EpL?
1
vL1bo = =
(17EpL2+Epro2+\/EpL472EpL2(71+Epro2)+(1+Epr02)2)
1+ 4EpL2
vRInu=0
vRlel =0
vR1lup =0
vR1ldo =0

—1— EpL? + EpRmu?® + \/EpL4 — 2EpL® (—1 + EpRmu®) + (1 + EpRmuQ)2

vR1lmu = — ( =
—1—EpL2+EpRmu2+\/EpL4—2EpL2(—1+EpRmu2)+(l+EpRmu2)2)
2EpRmu\/ 1+ IEpRm
- —1— EpL? + EpRta? + \/ EpL® — 2EpL® (-1 + EpRta®) + (1 + EpRta2)2
vR1lta = —
(717EpL2+EpRta2+\/EpL472EpL2(71+EpRta2)+(1+EpRta2)2)2
2EpRta\/ 1+ e
o~ EpL’+ EpRel’ 4 \/EpL* — 2EpL? (=1 + EpReh?) + (1 + EpReh?)”
vR1lch = —
(—1—EpL2+EpRCh2+\/EpL4—2EpL2(—1+EpRch2)+(1+EpRCh2)2)2
2EpRch\/ 1+ TR
- —1 — EpL? + EpRst? + \/ EpL* — 2EpL? (-1 + EpRst?) + (1 + EpRst2)2
vR1st = —
(717EpL2+EpRst2+\/EpL472EpL2(71+EpRst2)+(l+EpRst2)2)2
2EpRst\/ 1+ P
. —1 — EpL? + EpRto? + \/ EpL! — 2EpL? (-1 + EpRto®) + (1 + EpRt02)2
vR1to = —

(—1 —EpL24EpRto2++/EpL4—2EpL2 (—1+EpRto2)+(1+EpRto2)2) 2
2EpRtot\/ 1 + TEpRio?
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—1 — EpL? + EpRbo? + \/ EpL* — 2EpL? (-1 + EpRbo®) + (1 + Epr02)2

vR1bo = — = (88)
—1-EpL2+EpRbo?++/EpL4 —2EpL2(—1+EpRbo?)+ (1+EpRbo?)?
2Epro\/1 + ( p p VEp 4Eppro(2 p )+(1+Ep ) )
vR2nu =1 (89)
vR2el =1 (90)
vR2up =1 (91)
vR2do =1 (92)
1
vR2mu = = (93)
(717EpL2+EpRmu2+\/EpL472EpL2(71+EpRmu2)+(1+EpRmu2)2)
L+ 4EpRmu?
1
vR2ta = = (94)
(—1—EpL2+EpRta2+\/EpL4—2EpL2(—1+EpRta2)+(1+EpRta2)2)
1+ 4EpRta2
1
vR2ch = = (95)
(—1—EpL2+EpRch2+\/EpL4—2EpL2(—1+EpRCh2)+(l+EpRch2)2)
L+ 4EpRch?
1
vR2st = = (96)
(—1—EpL2+EpRst2+\/EpL4—2EpL2(—1+EpRst2)+(l+EpRst2)2)
L+ 4EpRst?
1
vR2to = 2 (97)
(717EpL2+EpRt02+\/EpL472EpL2(71+EpRt02)+(1+EpRt02)2)
L+ 4EpRto?
1
vR2bo = = (98)
(—1—EpL2+Epro2+\/EpL4—2EpL2(—1+Epro2)+(l+Epro2)2)
L+ 4EpRbo?
1 —EpL? — /1 + 2EpL? + EpL*
vLOhNu = pL? — VI +28pL7 + Bp - (99)
—14+EpL2+4/14+2EpL2+EpL4
2EpL\/1 + ( IEpL? )
1 — EpL? — /1 + 2EpL? + EpL*
vLOLE] = D ( V1 +2BpL” + Ep = (100)
—14+EpL2+4+4/14+2EpL24+EpL4
2EpL\/1 + T2
2
1 — EpL? + EpRmu?® — \/EpL4 — 2EpL? (-1 + EpRmu?) + (1 + EpRmu®
vLOhMu = ( ) + = ) (101)
—14EpL2—EpRmu2++/EpL4—2EpL2(—1+EpRmu?)+(1+EpRmu?2)?
2EpL\/1+( p p VEp 4E1;L2( p )+(1+Ep ))
2
1 — EpL? + EpRta’ — \/ EpL? — 2EpL? (=1 + EpRta?) + (1 4+ EpRta?
vLOhTa = ( ) ( 2) (102)
—14EpL2—EpRta2++/EpL4—2EpL2(—1+EpRta2)+(1+EpRta2)?
2EpL\/1+(+p pRta2++/Ep 4E§L2(+pt)+(+pt))
1 —EpL? — \/1+ 2EpL? + EpL*
vLOLUp = pL’ — V1 +2EpL” + Ep (103)

—14+EpL2++/1+2EpL2+EpL* 2
2EpL\/1 L (e PLEHERLY)

1EpL?
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1 —EpL? — /1 + 2EpL? + EpL*

vLOhDo = .
—14+EpL2+4+4/14+2EpL2+EpL4
2EpL\/ 1+ (e pL7EpL)

4EpL2

1 — EpL? + EpRch? — \/ EpL* — 2EpL? (-1 + EpReh?) + (1 + EpRch2)2

vLOhCh = ( =
—1+EpL2—EpRCh2+\/EpL4—2EpL2(—1+EpRch2)+(1+EpRCh2)2)
2EPL\/1 + 1EpL?
Long, L7 EPL? + EpRst? - \/EpL* — 2EpL? (=1 + EpRst?) + (1 + EpRst?)”
V. =
(—1+EpL2—EpRst2+\/EpL4—2EpL2(—1+EpRst2)+(1+EpRst2)2)2
2EpL\/1 + IEpL2
LOWT 1 — EpL? + EpRto? — \/ EpL! — 2EpL? (-1 + EpRto?) + (1 + EpRt02)2
v o =
(71+EpL27EpRto2+\/EpL472EpL2(71+EpRto2)+(l+EpRt02)2)2
2EPL\/1 + 1EpL?
LOLB 1 — EpL? 4 EpRbo” — \/ EpL® — 2EpL? (-1 + EpRbo®) + (1 + Epr02)2
v 0=
(71+EpL27Epr02+\/EpL472EpL2(71+Epr02)+(l+Epr02)2)2
2EpL\/ 1+ e
1
vL1hNu = — >
(—1+EpL2+ 1+2EpL2+EpL4)
L+ 4EpL2
1
vL1hEl = — =
(—1+EpL2+\/1+2EpL2+EpL4)
L+ 1EpL?
1
vL1hMu = — 2
<71+EpL27EpRmu2+\/EpL472EpL2(71+EpRmu2)+(1+EpRmu2)2)
L+ IEpL?
1
vL1hTa = — 3
) (—1+EpL2—EpRta2+\/EpL4—2EpL2(—1+EpRta2)+(l+EpRta2)2)
+ 1EpL?
1
vL1hUp = — =
(71+EpL2+ 1+2EpL2+EpL4)
L+ 1BpL2
1
vL1hDo = — ~
(71+EpL2+ 1+2EpL2+EpL4)
L+ 4EpL2
1
vL1hCh = — =
(71+EpL27EpRChz+\/EpL472EpL2(71+EpRch2)+(1+EpRc112)2)
L+ 1BpL?
1
VLtht - — 2
(71+EpL27EpRst2+\/EpL472EpL2(f1+EpRst2)+(1+EpRst2)2)
L+ IEpL?
1
vL1hTo = — 3
) (—1+EpL2—EpRto2+\/EpL4—2EpL2(—1+EpRto2)+(l+EpRto2)2)
+ IEpL?
1
vL1hBo = —

2
(71+EpL2 —EpRbo?++/EpL* —2EpL2(— 1+Epr02)+(1+Epro2)2)

L+ 4EpL?
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(104)

(105)

(106)

(107)

(108)

(109)

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)



vR1hNu = —1 (119)

vR1hEl = —1 (120)
vR1hUp = —1 (121)
vR1hDo = —1 (122)

—1 — EpL? + EpRmu?® — \/ EpL® — 2EpL? (—1 + EpRmu?®) + (1 + EpRmu2)2

vR1hMu = ( = (123)
1+EpL27EpRmu2+\/EpL472EpL2(71+EpRmu2)+(1+EpRmu2)2)
2EpRmu\/1 + 4EpRmu?
2
—1— EpL? + EpRta? — y/EpL* — 2EpL? (-1 + EpRta?) + (1 + EpRta?
vR1hTa = ( \/ ( ) ( = ) (124)
1+EpL2—EpRta2+\/EpL4—2EpL2(—1+EpRta2)+(l+EpRta2)2)
2EpRta\/1 + TEpRa?
2
—1—EpL? + EpRch? — \/EpL?* — 2EpL? (=1 + EpRch?) + (1 + EpRch?
vR1hCh = ( \/ ( ) ( = ) (125)
1+EpL27EpRChQ+\/EpL472EpL2(71+EpRch2)+(1+EpRch2)2)
2EpRCh\/ 1+ TEpRa?
2
—1 — EpL? + EpRst? — \/EpL* — 2EpL? (—1 + EpRst?) + (1 + EpRst?
vR1hSt = ( \/ ( ) ( = ) (126)
1+EpL2—EpRst2+\/EpL4—2EpL2(—1+EpRst2)+(1+EpRst2)2)
2EpRst\/1 + TEpRe
2
—1— EpL? + EpRto? — /EpL* — 2EpL? (—1 + EpRto?) + (1 + EpRto?
vR1hTo = ( \/ ( ) ( = ) (127)
1+EpL27EpRt02+\/EpL472EpL2(71+EpRt02)+(1+EpRt02)2)
2EpRto\/ 1+ TEpRio?
2
—1—EpL? + EpRbo? — \/EpL* — 2EpL? (—1 + EpRbo?) + (1 + EpRbo?
vR1hBo = ( \/ ( ) ( )2 ) (128)
1+EpL2—Epr02+\/EpL4—2EpL2(—1+Epr02)+(l+Epr02)2
2EpRbo \/1 + TEpRDS?
vR2hNu =0 (129)
vR2hEl = 0 (130)
vR2hUp =0 (131)
vR2hDo =0 (132)
vR2hMu = — ! > (133)
(1+EpL2—EpRmu2 +\/EpL4—2EpL2(—1+EpRmu2)+(1+EpRmu2)2)
L+ 4EpRmu?
vR2hTa = — ! = (134)
(1+EpL2—EpRta2+\/EpL4—2EpL2(—1+EpRta2)+(l+EpRta2)2)
L+ 4EpRta?
1
vR2hCh = — = (135)
(1+EpL27EpRch2+\/EpL472EpL2(71+EpRch2)+(1+EpRch2)2)
L+ 4EpRch?
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vR2hSt = — !

2
) (1+EpL2—EpRst2+\/EpL4—2EpL2(—1+EpRst2)+(l+EpRst2)2)
+ 4EpRst?

(136)

vR2hTo = — !

2
) (1+EpL2 —EpRto?++/EpLi—2EpL?(—1+EpRto? )+ (1+EpRto? )2)
+ 4EpRto?

(137)

vR2hBo = — !

2
1 (1+EpL2 —EpRbo?++/EpL* —2EpL2(— 1+Epro2)+(1+Epro2)2)
+ 4EpRbo?

(138)
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6 Vertices

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

6.1  Vgauge
G 1 H3 M3 H2 H2
G 2 _gsfahazﬂspl Nur,pe + gsfal,ag,agpg Nz + gsfu«l,azﬂspl Nui,ps — gsfa17a2703p3 Npa,ps —
G 3 gsf@l@zﬂspgl an;HS + gsfahazﬂspglnﬂzxus
G 1 P P
G 2 ng2fal7a37alf¢l2qa4qalnl’fl1#477#2”“'3 + ng2f¢11,a2,alfasya4yaln#17#477#21#3 +
G 3 ng2fa1,a4,alfa2,a3,a177u1,ugnug,;h; — 188 fa1,ag,alfa37a4,a177u1,u377u2,u4 -
a4 188 fa17a47a1fa2;a3,a1nm,H277H37M4 — 188 fa1,ag,alfag,a4,al77u1,ug77u3,u4
wo 1 ;2 - 2 . 2
WO 2 '—%zg 65175465275377M1;H477H27M3 + 229 651,83652;5477M1;H477H27M3 + 229 551,52553,5477u1,u477u2,u3 +
wWo 3 19255175455275377u1-,u377u2,u4 - 21.‘2] Os1,55 050,54 M opas Mt s + 192551,52553-,5477;“,#377#2-,#4 +
Wo 4 ) 551>S4552>S377#1-,#277#3>#4 + ) 551-,53552-,5477#1-,#277#3#4 - 2Zg 551,52553-,5477#1)#277#3-,#4
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iEpRchMFv1pivlpiPvL1chvR2chd;g i, 055,54
fpi2

iEpRchMFv1piP2vL1hChvR2hChdig iy 8ss,0,

fpi?

iEpRchMFv1pi132lecthQhCh(ﬁ»3 Jig (P— )S% 4

iEpRchMFvlpiszL1hCth2ch5i3 Lig (Py)

fpiZ

53,54

fpi?

iEpRchMFvlpiP2lehCth2ch5i3 Jig (P— )S% s

iEpRchMFv1pi132vLlcthQhCh(ﬁ»3 Lig (Py)

fpi2

53,54

fpi?
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piWP
piWP’
u2t
u2
piW
hu2'
d2

iEpRchMFv1piP?vL1chvR2chd;y i, 05,5,

fpi2

N

V2EpRchMFv1pivL1stvR2hChd;, iq (P-)

_ 59,83
fpi +

V2EpRstMFv1pivL1hChvR2std;, 5 (Py)
fpi

59,83

V2EpRchMFv1pivL1hStvR2hChdiy iy (P-)

V2EpRstMFv1pivL1hChvR2hSt8;,,i5 (Py)
fpi i

fpi

59,53

hu2'
hd2
piW
u2t
d2
piW
u2f
hd2
piWP
hu2'
d2
piWP
hu2'
hd2
piWP
u2f
d2
piWP
u2t
hd2
piW
piWT
dr1f
dLo
piZ
dr1f
dLO0

piZ

s9,83 +

V2EpRchMFv1pivLlstvR2chds, o5 (P-),, .. V2EpRstMFv1pivL1chvR2st8, iq (Py)
fpi fpi

59,83

V2EpRchMFv1pivL1hStvR2ché;y is (P-)

V2EpRstMFv1pivL1chvR2hStd;, iy (Py)
fpi i

fpi

59,53

52,53 +

W N W FE WD~ WD

V2EpRchMFv1piPvL1stvR2hChdi, 5 (P )32 55 V2EpRstMFv1piPvL1hChvR2st8;,i4 (Pt)
fpi fpi

59,53

_ V2EpRchMFv1piPvL1hStvR2hChd;y 4 (P-) V2EpRstMFv1piPvL1hChvR2hStd:, 5 (Py)

59,83 52,53
fpi + fpi

V2EpRchMFv1piPvL1stvR2chdi, iy (P )sg 55 V2EpRstMFv1piPvL1chvR2st8y,i5 (Py)
fpi fpi

50,53

_ V2EpRchMFv1piPvL1hStvR2chdi, i (P-) V2EpRstMFv1piPvL1chvR2hStiy,i5 (P+),, ..

59,83
fpi + fpi

iEpLMFVOpi®dig.,i, 0, £, (P-)
fpi2

53,54

EpLMFvOpi0Siy i56 1y, 15 (P—)
fpi

52,53

piZ
dR1'
dLo
piZP
dri1f
dLo
piZ
piZP
dR1'
dLo

iEpLMFVOpi0Z4iy,i, 854, 7, (P-)
fpi2

53,54

EpLMEVOpiOPS 585, 15 (P-),, ..
fpi

{EPLMFvOpiOVOpiOPS;5 10551, (P-),, .,

fpi2

B W N FE WD RE REWNY R W R WN R oW R, WR R WN R WN

75



hu2

hd2'
hu2

inVJf

hd2f
u2

piWwP!
d2f
hu2

piWwP!
daf
u2

piWwP!
hd2f
hu2
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w N

w
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[N
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iEpLMFVOpiOP?6;, 1,854, 7, (P— )es,04

fpi2

{EpLMFvOpivOpiPdig,i, 055 5, (P-)
fpi?

53,54

{EpLMFvOpivOpiPdig,i, 055 5, (P-)

fpi?

53,54

iEpLMFVOpiP?8;, 5,875, 7, (P-)

fpi2

53,54

V2EPLMFVO0pidiy isdyy, fg (P )og.ss

fpi

_ \/éEle\/IFVOpiP5,;2 Jig 5f2 f3 (P7 )
fpi

59,53

B V2EpRstMFv1pivL1hChvR2st8;,i5 (P )52 55 V2EpRchMFv1pivL1stvR2hChdi, 5 (Py)

fpi fpi

59,53

V2EpRchMFv1pivL1stvR2chdiy i5 (Py)
fpi

. V2EpRstMFv1pivL1chvR2st8;y,i5 (P-) 59,53

59,53
fpi +

V2EpRstMFv1pivL1hChvR2hSt8;, i, (P— )sg.ss V2EpRchMFv1pivL1hStvR2hChdi,, 5 (Py)

fpi fpi

59,53

V2EpRstMFv1pivL1chvR2hStd;,, 55 (P-)
- o

s9,s3 $2,83

V2EpRchMFv1pivL1hStvR2chd;y,i4 (Pr)
+ fpi

V2EpRstMFv1piPvL1hChvR2st8;,,i5 (P-),, .. | V2EpRchMFv1piPvL1stvR2hChdiy,ig(Py)

fpi fpi

59,53

V2EpRstMFv1piPvL1chvR2st8;y,i5 (P-) V2EpRchMFvI1piPvL1stvR2chdiy iy (Py),, ..

_ - 52,83
fpi +

fpi

_ \/§EpRstMFv1pinL1hCth2hSt§i2 Liz (P-)
fpi

\/§EpRchMFv1pinL1hSth2hCh6,;2 Jig (Py)
fpi

59,83

59,53 +
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piwP!
hd2'
u2
piW
piw’
d2’
d2

inVJf
daf
hd2
piW
piWT
hd2!
d2
piW
piw’
hd2f
hd2

piZ
d2’
d2

piZ
d2f
hd2
hd2'
d2
piZ
hd2'
hd2
piZ
piZ
d2f
d2

piZ
d2f
hd2

piZ

hd2f
d2

w
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V2EpRstMFv1piPvL1chvR2hSt8iy,15(P-),, ..

" V2EpRchMFV1piPvL1hStvR2chds, i (Py),, oy

fpi fpi

iEpRstMFv1pi®vL1stvR25t8:5 5, 055,54
fpi?

iEpRstMFv1pi?vL1hStvR2st8;, i, (P-) iEpRstMFv1pi?vL1stvR2hStd;, s, (Py)

53,54 53,54
fpiZ fpiZ
iEpRstMFv1pi®vL1stvR2hStéig,i, (P-) ., ., , {EPRstMFv1pi®vL1hStvR2st6:g,1, (Pr), . o,
fpi2 fpi2

iEpRstMFv1pi?vL1hStvR2hStdis i, 0ss.s4
fpi?
EpRstMFvlpiOvL15‘.tvl:{25t'y§2’S,g 612 Jig
- fpi
EpRstMFv1piOvL1hStvR2stdi, i, (P )32 o3 EpRstMFv1piOvL1stvR2hStdi, i, (P+)32 o3
fpi - fpi
EpRstMFv1piOvL1stvR2hStd;, i, (P )52 55 EpRstMFv1piOvL1hStvR2stdi,,i4 (PJF)52 53

fpi fpi

EpRstMFvlpiOlehSth2hStﬂy§2 1050i2,i3
fpi

iEpRstMFv1pi0?vL1stvR2st3i, i, 055,54

fpi?

iEpRstMFleiO2VL1hStVR28t§i3 Lig (P-)

fpi?

iEpRStMFleiO2VLlstVRQhSté»LS Lig (Py)

fpi2

53,54 53,54

iEpRstMFleiO2VLlstVR2hSt§¢3 Lig (P-)

fpi2

iEpRstMFleiO2VL1hSth2st§i3 Lig (Py)

fpi2

53,54 83,84
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piZ

hd2'
hd2
piZP
d2f
d2
piZP
d2’
hd2
piZP
hd2'
d2
piZP
hd2f
hd2
piZ
piZP
d2’
d2
piZ
piZP
d2f
hd2
piZ
piZP
hd2'
d2
piZ
piZP
hd2'
hd2
piZP
piZP
d2f
d2
piZP
piZP
d2f
hd2
piZP
piZP
hd2f
d2
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iEpRstMFv1pi0?vL1hStvR2hSt8;, i, 055,54
fpi2

EpRstMFv1piOPvL1stvR2stv], .. 8ip,i5
fpi

EpRstMFv1piOPvL1hStvR2std;, ,i5 (P— )52 g

EpRstMFv1piOPvL1stvR2hStd;, i5 (P4)

50,8

3

fpi

EpRstMFv1piOPvL1stvR2hStd;, 45 (P )82 o5

EpRstMFv1piOPvL1hStvR2std;, i5 (Py)

fpi

52,

53

fpi

EpRstMFv1piOPvL1hStvR2hStyS, . biy,i5
- fpi

iEpRstMFv1piOvlpiOPvL1stvR28t8i4,i4 055,54
fpiZ

iEpRst MFv1piOvlpiOPvL1hStvR2stdi5 i, (P-)

fpi

t1EpRstMFv1piOv1piOPvL1stvR2hStd5 4, (Py)

53,54

fpi2

iEpRst MFv1piOv1piOPvL1stvR2hStd: i, (P— )s,g 9

53,54 +

fpi2

1EpRstMFv1piOv1piOPvL1hStvR2stdi5,iy (Py)

53,54

fpi?

iEpRstMFv1piOvlpiOPvL1hStvR2hStd;5,i, 055,54

fpiZ

iEpRstMFv1piOP2lesth2st5i3 igOsg. 54

fpi?

iEpRstMFleiOP2VL1hStVR2st§¢3 Jig (P— )33 s

fpi?

iEpRstMFv1pi0P2lesth2hSt613 Jig (Py)

53,54

fpi2

{EpRstMFv1pi0P?vL1stvR2hStd:5 14 (P- )., .,

fpi2

iEpRstMFv1piOP?vL1hStvR2std;4,:, (Py)

53,84

fpi2
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piZP
piZP
hd2'
hd2
piWT
piWP
d2f
d2
inVT
piWP
d2’
hd2
piw’
piWP
hd2'
d2
piWT
piWP
hd2f
hd2

piW
piWP’
d2f
d2

piW
piWwPT

d2f

hd2

piWwPT
hd2'
d2

piW
piWwPT

hd2'

hd2

piWP

piWwPT
d2f
d2
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iEpRstMFleiOP2VL1hStVR2hSt§¢3 ,ia0s5,54

fpi2

iEpRstMFv1pivlpiPvL1stvR2st0;5 iy 055,54

fpi2

iEpRst MFv1pivlpiPvL1hStvR2std:,,:, (P-)

fpiZ

1EpRstMFv1pivlpiPvL1stvR2hStdiy i, (Py)

fpi?

53,84 53,54

iEpRst MFv1pivlpiPvL1stvR2hStd:; 4, (P-)

53,54
fpi2 +

t1EpRstMFv1pivlpiPvL1hStvR2std;5 i, (Py)

fpiZ

53,54

iEpRstMFv1pivlpiPvL1hStvR2hStd:5 i, 055,54

fpi2

iEpRstMFv1pivlpiPvL1stvR2st0;5,i, 655,54

fpi2

iEpRst MFv1pivlpiPvL1hStvR2std:,,:, (P-)

fpiZ

1EpRstMFv1pivlpiPvL1stvR2hStd, i, (Py)

fpi?

s3,54 53,54

iEpRstMFv1pivlpiPvL1stvR2hStd:; 4, (P-)

fpiZ

1EpRstMFv1pivlpiPvL1hStvR2std; i, (Py)

fpi?

53,54 53,54

iEpRstMFv1pivlpiPvL1hStvR2hStd:5 i, 055,54

fpi?

iEpRstMFvlpiPzlesthQst&;3 ig 055,54

fpi2
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piWP 1
plWPT ) iEpRstMFleiP2VLthtVRQS‘c&B,1'4(P,)S%’54 iEpRStMFleiP2VLlStVR2hSt513Y1'4(P+)S%’S4
d2T 3 fpiZ fpi?
hd2 4
piWP 1
plWPT ) iEpRstMFleiP2VLlsth2hSt6733,1'4(P,)S%’54 iEpRstMFleiP2VLthtVRQst&yS,1'4(P+)S%’S4
nd2t 3 wr e
d2 4
piWP 1
; 1l iEpRst MFv1piP2vL1hStvR2hStd;, i, 8sq.s
plWP 2 3,947983,54
piZ
hd2t 3 8
hd2 4
piW 1
st 2 V2EpRtoMFv1pivL1bovR2hTodiy i (P-),, .. V2EpRboMFV1pivL1hTovR2b0o8iy ig (Py),, .
u — fpi + fpi
d3 3
piWw 1
I 3T 9 \/il-Epl:{toMFv1pivL1hBovR2hTo§i2 Lig (P- )52 ss \/§Epl:{boMFv1pivL1hTovR2hBo§i2 Jig (P+)S2 g
u - fpi fpi
hd3 3
piW 1
3t 9 V2EpRtoMFv1pivL1bovR2t08s, 15 (P-),, ., , V2EpRboMFvIpivL1tovR2bodis ig(Py),, .o
u - ot + [
d3 3
piW 1
3t 9 V2EpRtoMFv1pivL1hBovR2t08i, i3 (P-),, .. V2EpRboMFV1pivL1tovR2hBodiy,ig (P4),, ..
u — fpi fpi
hd3 3
piWP 1
I 3T 9 \/il-Epl:{toMFv1pinL1b0vR2hTo§i2 Lig (P- )52 ss \/§Epl:{boMFv1piF’vL1hTovR2bo§i2 Jig (P+)S2 s
u - ot + [
d3 3
piWP 1
I 3T 9 V2EpRtoMFv1piPvL1hBovR2hTod, 5 (P— )52,33 V2EpRboMFv1piPvL1hTovR2hBod;, i, (P+)32 53
u - fpi + fpi
hd3 3
piWP 1
3t 9 V2EpRtoMFv1piPvL1bovR2t08i, i3 (P-),, .. V2EpRboMFV1piPVL1tovR2b0odiy,ig (P4),, .4
u — fpi + fpi
d3 3
piWP 1
3T 9 \/§EpRtoMFv1pinL1hBovR2to§i2,,;3 (P*)SQ,SP, ﬂEproMFv1pinL1tovR2hBo§i2,iS(P+)32Y83
u - ot + ot
hd3 3
piWw 1
piw’ 2 /EpRtoMFv1pi2vL1hTovR2hTod,, i, dss,0,
hu3® 3 fpi®
hu3 4
piWw 1
piw'’ 2 {EpRtoMFV1pi®vL1tovR2hTodi iy (P-),, ., | iEpRtoMFvIpi®vL1hTovR2todiy iy (Py),, .,
hu3t 3 fpi2 fpi?
ud 4
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piW
inVT
u3f
hu3
piW
piw’
u3f
u3
piZ
hu3’
hu3
piZ
hu3!
u3
piZ
u3f
hu3
piZ
u3f
u3
piZ

hu3'
hu3
piZ
piZ
hu3'
u3

piZ

u3f
hu3
piZ
piZ
u3f
u3
piZP
hu3’
hu3
piZP
hu3’
u3
piZP
u3f
hu3

WD H WP W= W R N o M — e N e

%WMH%WL\DH%@MH%@MH

W N = W N~ W N -

53,54

iEpRtoMFv1pi®vL1hTovR2tod,, i, (P— )53 oy iEpRtoMFv1pi?vL1tovR2hTod;, i, (Pt)

fpiZ fpi?

iEpRtoMFvlpivaltovR2to613 ig 055,54

fpi?

EpRtoMFv1piOvL1hTovR2hTov?, . 8iy,i
fpi

EpRtoMFv1piOvL1tovR2hTod, ,i5 (P-) EpRtoMFv1piOvL1hTovR2t0d;,,i4 (P+)52 s3

_ 52,83

fpi fpi

EpRtoMFv1piOvL1hTovR2tod;, i; (P— )S2 s EpRtoMFv1piOvL1tovR2hTod;, g (P+)S2 s
- fpi + fpi
EpRtoMFv1piOvL1tovR2t0yS,  8ij,is
fpi
iEpRtoMFv1pi0®vL1hTovR2hTod;, iy 3sy5, 54
fpi?
i]'E)pR‘coMFleiOzVLl‘covR2hT0§q;3,q;4 (P,)s,g,s4 I iEpRtoMFleiO2VLlhToVRQtO(LyS,q;4 (P+)sg,54
fpi2 fpi2

iEpRtoMFv1pi0?vL1hTovR2t0d;, (P-) g4 iEpRtoMFv1pi0?vL1tovR2hTod;,,:, (Py)
2

fpi2 fpi

53,54

iEpRtoMFvlpiOva1tovR2to5i3 igOsg. 54

fpiZ

EpRtoMFv1pi0PvL1hTovR2hTov], .. iy, i
fpi

59,53

EpRtoMFv1piOPvL1tovR2hTod;, i (P- )52 s EpRtoMFv1piOPvL1hTovR2t0d:y i3 (Py)
fpi fpi

EpRtoMFv1pi0PvL1hTovR2t0d;, i5 (P— )S2 S5 EpRtoMFv1piOPvL1tovR2hTod, 5 (Py)
- fpi fpi

59,53
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piZP
u3f
u3
piZ
piZP
hu3!
hu3
piZ
piZP
hu3’
u3
piZ
piZP
u3f
hu3
piZ
piZP
u3f
u3
piZP
piZP
hu3!
hu3
piZP
piZP
hu3!
u3
piZP
piZP
u3f
hu3
piZP
piZP
u3f
u3
piw’
piWP
hu3’
hu3
inVJf
piWP
hu3!
u3
piWT
piWP
u3f
hu3

N N N T VSR Rl o e o L o e Ll oL oL e AL AL

EpRtoMFvlpiOPvL1t0vR2to’y§’2 53 Oin.ig
fpi

iEpRtoMFv1pi0v1piOPvL1hTovR2hTod;, i 955,54

fpi2

iEpRtoMFv1piOv1piOPvL1tovR2hTod ;g iy (P-)

fpi2

iEpRtoMFv1piOv1piOPvL1hTovR2t0di5,i, (P4)

fpi2

53,84 53,54

iEpRtoMFV1piOv1pi0PvL1hTovR2t08i4,14 (P-),, ,, , ‘EPRtoMFv1piOvlpiOPvL1tovR2hTod;, i, (Py)
fpiZ fpi?

53,54

iEpRtoMFv1piOv1piOPvL1tovR2t00;5, i, 055,54

fpi2

iEpR‘coMFv1pi0P2VL1hToVRZhTo&;3 ,igOsg, 54

fpi?

iEpRtoMFvlpi0P2letovRQhToéiS vig (P-)

fpi?

iEpRtoMFleiOP2VL1hTovR2t0§¢3 Lig (Py)

fpi?

53,54 53,54

iEpR‘coMFv1pi0P2VL1hToVRZtoéi,3 vig (P—)

fpi2

iEpRtoMFleiOP2VL1t0VR2hT0§¢3 Lig (Py)

fpi2

53,84 53,54

iEpRtoMFv1pi0132letovR2to§,;3 igOsg,54
fpiZ

iEpRtoMFv1pivlpiPvL1hTovR2hT0od;5,i, 655,54

fpi2

iEpRtoMFv1pivlpiPvL1tovR2hTod ;4 i, (P-)

fpi2

i{EpRtoMFv1pivlpiPvL1hTovR2tod;5 i, (P4)

fpi2

53,54 53,54

iEpRtoMFv1pivlpiPvL1hTovR2tod; i, (P-)

fpiZ

1EpRtoMFv1pivlpiPvL1tovR2hTod; iy (P4)

fpi2

s3,54 53,54
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piw’

piWP
u3f
u3

piW
piwP!

hu3’

hu3

piW
piWwP!
hu3’
u3

piW
piWwP!

u3f

hu3

piWwP!
u3f
u3

piWP

piWP’
hu3'
hu3

piWP
piWP’
hu3'
u3

piWP

piWwP’
u3f
hu3

piWP

piWPT
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dLO

piWP
uR1f
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iEpRtoMFv1pivlpiPvL1tovR2t00;5 i, 055,54
fpi2

iEpRtoMFv1pivlpiPvL1hTovR2hTo0;5,i, 655,54

fpiZ

iEpRtoMFv1pivlpiPvL1tovR2hTod;, i, (P- )83 9

iEpRtoMFv1pivlpiPvL1hTovR2t0d;5 iy (P+)53 9

2

fpi i

fpi

iEpRtoMFvlpivlpinLlhTovRQtotsiS,¢4(P,)SS sy

iEpRtoMFv1pivlpiPvL1tovR2hTod ;g iy (P+)53 9

2

fpi i

fpi

iEpRtoMFv1pivlpiPvL1tovR2t0di5 i, 053,54
fpiZ

iEpRtoMFvlpiszLlhTovR2hT05i3 ,ig 053,54
fpi2

iEpRtoMFv1piP2VL1tovR2hT0§i3 vig (P-)

fpi?

iEpRtoMFv1piP2VL1hT0VR2t0§¢3 Jig (Py)

fpi?

53,54 53,54

iEpRtoMFv1piP2VL1hT0VR2t0§¢3 vig (P-)

fpi?

iEpRtoMFv1piP2VL1tovR2hT0§i3 Jig (Py)

fpi?

53,54 53,84

iEpRtoMFv1piP2vL1tovR2t05i3 ig0sg. 54

fpiZ

V2EPLMFVO0pibiy, izdyy, s (P-)
- fpi

59,53

\/éEle\/IFVOpiP5,;2 Jig 5f2 f3 (P7 )
fpi

59,53
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piW
inVT
uR1'
ul.0
piZ
uR1'
ul.0
piZ
piZ
uR1T
ul.0
piZP
uR1'
ul.0
piZ
piZP
uR1T
ul.0
piZP
piZP
uR1'
ul.0
piw’
piWP
uR1'
ul.0

piW
piwP!

uR1'

ul.0

piWP

piwP’
uR1'
ul.0

piw’
dLo’
dR1
piZ
dLof
dR1

piZ
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piZ
dLof
dR1
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