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1 Introduction

The Standard Model (SM) is an important achievement of human understanding of the

micro-world, which has been examined at various high energy experiments with very

high precision. Since that, more and more attention has been drawn to search for new

physics beyond the SM but not find any new resonances yet. In this case, effective field

theory (EFT) providing a systematical framework to parameterize various new physics



and describing physical systems below the scale of the new physics, has witnessed great
progress in recent years. The first and famous achievement of the EFT is the Fermi theory.
Nowadays, with only the SM degree of freedom included, the standard model effective field
theory (SMEFT) [1-9] provides an EFT framework above the electroweak scale while all
SM particles remain massless. The SMEFT contains all the SM fields to construct the
effective Lagrangians and respects the SM gauge symmetry SU(3)c x SU(2) x U(1)y.
After integrating out the massive gauge bosons W=, Z, the top quark ¢ and the Higgs
boson h, the low energy effective field theory (LEFT) [10-13] describes all possible physics
below the electroweak scale, regarding to the gauge symmetry SU(3)c x U(1)gMm.

The neutrino oscillation experiments have shown evidence that neutrinos are massive,
yet the left-handed neutrinos in the SM do not acquire the Dirac mass terms via the Yukawa
interactions like other fermions in the SM. Omne natural solution to this is to add the
right-handed neutrinos to the SM and generate the Dirac mass terms after electroweak
symmetry breaking, in which the massive neutrinos are Dirac-type and the lepton number
is conserved. On the other hand, Majorana mass terms are naturally there since the right-
handed neutrinos are the SM gauge singlet and thus sterile to the SM, which violate the
lepton number, and the neutrinos are Majorana neutrinos. If the newly-added right-handed
neutrinos are heavy, above the TeV scale, for example, then they should be integrated out
above the electroweak scale, and the SMEFT and LEFT frameworks are still valid. However,
if the right-handed neutrinos are light, such as the sub-GeV or KeV sterile neutrinos, which
could be dark matter candidate, see ref. [14] for a review, so that they can not be integrated
out at the electroweak scale or even at lower energy scale, the standard model effective field
theory with right-handed neutrinos (VSMEFT) and low energy effective field theory with
right-handed neutrinos (VLEFT) are needed to describe various new physics effects. The
construction of effective operators involving the right-handed neutrinos in the Y'SMEFT has
been considered at the dimension 5 to 7 in literature [15-18]. In the vLEFT, the complete
set of operators involving the right-handed neutrinos up to dimension 6 has been listed in
ref. [19], and the lepton-number-violating subset of them has been listed in ref. [20].

With the light sterile neutrino included, vYSMEFT operators would modify different
kinds of physical processes and at the same time, give rise to new signatures compared to
the SMEFT operators. It has been applied to investigate various sterile neutrino production
processes at the LHC [21, 22], and also appears in various exotic decay processes, such as the
Higgs exotic decays [23], sterile neutrino decays [24, 25|, leptonic radiative decays [16, 26],
coherent neutrino scattering experiments and beta decays [20, 27-29]. In particular, in the
neutrino-less double beta decay processes, the sterile neutrinos would induce new kinds of
long-range neutrino potential [30]. However, we expect that if the dimension-9 operators in
the vYSMEFT dominate, just like the dimensional-9 contributions in the SMEFT, it would
induce new types of short-range potential, and thus give rise to additional contribution to
both the short-range and long-range processes. Furthermore, in the proton decay processes,
if the sterile neutrinos exist, it would induce new types of exotic decay processes as discussed
in ref. [31]. We expect the higher dimension of operators, the lower of the cutoff scale in the
proton exotic decay processes. Therefore, the higher dimensional operators in the vYSMEFT
which contribute to the proton decay processes, would also be accessible to the collider



searches in which the cutoff could be around the TeV scale. Overall, writing down the
higher dimensional operators would be useful to investigate various processes involving in
sterile neutrino, especially the baryon and lepton number violation processes, in which new
physics effect might be reachable by the future colliders.

To avoid over-counting or miscounting of operators, it’s important to work with a
complete and independent basis of operators. The traditional method to list the independent
operator basis is to consider all possible operators, then to restrict them with equation of mo-
tion (EOM), Fierz identities, and integration by parts (IBP) repeatedly, but the complexity of
this method increases exponentially when it comes to higher dimensions. Compared with the
traditional method, our method to obtain the complete bases automatically generate the inde-
pendent structures [5, 7, 12], without the need of EOM and IBP relations. Furthermore, since
spin < % massive particles do not affect the amplitude-operator correspondence which we
used in the massless cases, the method can still be applied in both the Y*SMEFT and vLEFT.

In this work, we introduce a systematical method to list the operator bases of the
vSMEFT and vLEFT for a given dimension, which has been applied to SMEFT and
LEFT [5, 7] to guarantee its correctness. Based on the amplitude-operator correspondence,
we list the independent Lorentz invariant structure, equivalently, the amplitude basis as
functions of spinor-helicity variables, generated via semi-standard Young tableaux (SSYTS)
construction. More details can be found in [5, 7, 32]. The method still holds when the
massive Majorana neutrinos are taken into account, since the Majorana fermions and Dirac
fermions have the same wave function in the two-component spinor formalism. Then the
gauge structures are also obtained in terms of invariant group tensors. The Littlewood-
Richardson rule allows us to construct a set of singlet Young tableaux of the gauge group
indices from the constituting particles, which induces the basis of gauge group factors.
Finally, taking the direct product of gauge structures and Lorentz invariant produces the
independent flavor-blind amplitudes. Afterwards, the symmetries of the identity particles
are expressed by symmetries of flavor indices. We obtain the final results as the independent
basis of flavor-specified operators with definite permutation symmetries.

In this paper the operator bases in ¥YSMEFT and vLEFT at dimension 5 to 9 are
written explicitly as the key results. In ¥YSMEFT, at dimension 5, the only violation pattern
of operators involving sterile neutrinos N is (AB,AL) = (0,£2), while there are (0, +4),
(£1,+£1) at dimension 6 and (0,+£2), (£1,F1) at dimension 7. The violation patterns at
dimension 8 are the same as that at dimension 6, and there are additional (0,+6), (£1,+3)
at dimension 9 compared to violation patterns at dimension 7. In vLEFT, the only violation
pattern of operators involving sterile neutrinos N is (AB,AL) = (0,42) at dimension 5,
and violation patterns at dimension 6, 7, 8 are the same, which are (0, £2), (0, +4), (£1, £1),
(£1,F1). There are additional (0,+6), (£1,£3), (£1,F3) at dimension 9 compared to
violation patterns at dimension 6, 7, 8. Table 3-5 contain the useful statistics of operators
in ¥YSMEFT and table 6-7 give the statistics for vLEFT.

This paper is organized as follows. Section 2 first briefly reviews the massive spinor
helicity amplitudes and amplitude-operator correspondence, then discusses our notations
to construct operators, especially similarities and differences between Dirac neutrinos
and Majorana neutrinos. Section 3 introduces the method of obtaining operator bases.



Independent Lorentz and gauge structures can be determined by Young tableaux, and
flavor specified operators are obtained after inner product decomposition. Section 4 and
section 5 list high dimension operators involving right-handed neutrinos up to dimension 9
in yYSMEFT and vLEFT respectively. Section 6 is our conclusion.

2 Operators in spinor-helicity formalism

Amplitude-operator correspondence that connects the local on-shell amplitude to the
operator producing such amplitude has been extensively used in enumerating operator bases
for different kinds of effective field theories [5, 7, 32-37]. Since our method of operator
construction relies on the amplitude-operator correspondence, we will briefly introduce the
spinor-helicity formalism and discuss the amplitude-operator correspondence first in this
section. Then we present the building blocks and operator basis under circumstances where
the neutrinos are Dirac or Majorana type.

2.1 Spinor helicity amplitudes

We start by briefly reviewing relevant notation in the massive spinor-helicity formalism
developed recently in ref. [38], which could be applied to both the “'SMEFT and vLEFT in
this work. Momenta in the four dimension space-time can always be presented in terms of
functions of two spinors, such that

i <E+p3 p1 — ip2
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where «, & are the SU(2) 1, x SU(2)r Lorentz indices, I denotes the SU(2) little group indices
for massive particles, which can be omitted for massless particles. The Lorentz invariant
brackets of the SU(2), x SU(2)g group are defined as
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Here the 2-index Levi-Civita symbols are used to raise and lower the indices, defined as
PP=—M =y =—en=1, A=A, Aar=eAl, A= GQBS\E, Aot =€ersN].
(2.3)
NN =—me', NAN =me" | N sr=meap, NAzr=meqs. (2.4)

For massless fermion and gauge boson, the correspondences between the massless wave
function and the helicity spinors follows

p _ llPoaalil® L (ilonan® u+:<0>,
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u = (%@) : ot = (o, Xd), = (A% 0), (2.5)



where 7 is the reference spinor parametrizing the gauge redundancy since its value does not
affect on the full amplitude. Notice that we adopt the in-coming momentum convention for
all momenta, therefore only u, v appear as the in-coming fermions and anti-fermions. {£}
show the helicities of the particles. For massive fermions, the following forms are taken

ul = <;\§1> . ol = (Xﬂ, xg). (2.6)

With the above replacement rules, the on-shell amplitudes can be written as functions of
helicity spinors

A( o 76i7pi7uj7pj7' ) - A( o 7)‘i7)‘i))\j75\j7‘ : ) (27)

Therefore, the on-shell amplitude should contain the following building blocks for massless
and massive particles of different helicities and spins respectively

helicity h 1 ticle with spi iables (A\,A): A A?;fhxzd}’ h<0
elicity n massless particle with spinor variables ( , ) : D) AT A2k h>0

{a}a} - =
(2.8)
: : : ; : ; I 51 r428—nyrn U1 T2s}t
spin S massive particle with spinor variables (A", A7) : A D ()\ {o} A {a}) ,
0<n<28 (2.9)

where r could be any positive integer, and {-} denotes totally symmetric indices.

2.2 Amplitude-operator correspondence

According to the amplitude-operator correspondence introduced in refs. [5, 7, 32-37], it
is straightforward to convert any local operators to the on-shell amplitudes using the
spinor-helicity formalism introduced above. Firstly, it is necessary to translate the fields
in an operator into representations of the SU(2);, x SU(2)r group, following eq. (2.1) and
eq. (2.5)

0 O'gd ga Coz
’Vu:(O_Mda 0 )7 WZ()(TQ)? WM:(CM‘)’ (2‘10)

1- 1
A 0 A L o (2.11)
2 0 2 Y
1 . 1 _ . 1 . .
D“:§Daa5“aa, FEV:ZFLO‘B%B‘}#&Q5VBB7 Ff;{w:Z Rdﬁeaﬂa-#aa&yﬁﬂv (2.12)

where &, x and ¢ are left-handed Weyl fermions, ¥ and ¥j; denote Dirac and Majorana
fermions respectively. Fpgr = %(F F iﬁ’) are the chiral basis of gauge bosons which has
definite helicities for the bosons. The for the bilinear fermion fields, we take the following



rules to obtain the on-shell amplitudes

U0y =0 Upy+Up Ups — olug = N+ NG = (1127) 4 [1127],
(2.13)

U175y =V URro— PR Upo — U1’Y5U2 [1727]—(1727), (2.14)
Uiy Wy = Upi P URo+ Uy Uy —  ofyHug = (1 |o#[27)+[17]5#]27), (2.15)
Wyt 75‘1’2:‘1’R17“‘1’R2—\1’L17“‘1’L2 — DY ysuy = (1 To271-11" 15427, (2.16)
Fl, O f)\ oA (0" 5,5,)° Fiyn O" = X A3 (0" 5,0,)% (2.17)

where eq. (2.5), (2.6) are used, and from which the correspondences between a single spinor
variable and chiral fermion can be directly identified:

)‘z] — 1/)1 = \I/L,‘, ini or \I/Mi, )\ — ¢T \I’Lz, \I/Rz or \I’]uz (2.18)

Furthermore, for a massive particle, when multiple spinors are present, the pair of spinor
helicity variables A/ \iy with contracted little group indices can be translated into derivative
acting on particle 7 yielding the following correspondences:

N (W) & D (W) e Dyl (2.19)

while for the massless particles, the correspondence remains the same as in refs. [5, 7, 12, 32—
37]:

APPENE & D"Fr;, APA™T2 < D' Fy;, (2.20)

There are two comments in order. First, the additional interactions with more gauge
bosons generated by covariant derivative are not taken into account, because our amplitude
operator correspondence applies to local amplitudes only. These vertices are not gauge
invariant, and only contribute to parts of non-local gauge invariant amplitude. Second,
the IBP relation in operator construction is equivalent to the momentum conservation
in on-shell amplitudes. Therefore the IBP redundancy is taken care of via manifesting
momentum conservation, which will be treated in the next section.

2.3 Building blocks: Majorana verse Dirac neutrinos

The building blocks of ¥YSMEFT and vLEFT are shown in tables 1 and 2 respectively.
Regarding the building blocks of ¥YSMEFT, we choose all fields to be left-handed. For
example, we choose N, (and its Hermitian conjugate NN g‘j‘) instead of N to be the building
block. The SM neutrinos v, form a SU(2)y doublet L, along with electrons ey, while the
right-handed neutrinos are singlets of SU(2)y,. Thus, we present the leptons as (chiral)

zL=<LO">, NR:<J\2d>, (2.22)

Dirac spinors in our result:



Fields | SU(2); x SU(2), h SUB)e SU2)w U(l)y | Flavor B L
G (1,0) ~1 8 1 0 1 0 0
Wios (1,0) ~1 1 3 0 1 0 0
Blag (1,0) -1 1 1 0 1 0 0
L (3.0) —1/2| 1 2 ~1/2 | ny 0o 1
N.o (%,0) ~1/2 1 1 0 ng 0 -1
€ea (%,o) ~1/2 1 1 1 ny 0 -1
Qaai (3.0) “1/2| 3 2 1/6 | ny  1/3 0
uly (3.0) ~1/2| 3 1 —~2/3 | ny —1/3 0
de,, (3.0) ~1/2| 3 1 1/3 ng  —1/3 0
H; (0,0) 0 1 2 1/2 1 0 0

Table 1. The field content of the vYSMEFT, along with their representations under the Lorentz
and gauge symmetries, where N_ denote the right-handed neutrinos. The representation under
Lorentz group is denoted by (ji, j,), while the helicity of the field is given by h = j,. — ;. The
number of fermion flavors is denoted as ny, which is 3 in the standard model. Their global charges,
baryon number B and lepton number L are also listed. All of the fields are accompanied with
their Hermitian conjugates that are omitted, (Fap)" = Fgrep for gauge bosons, (Ya)t = (1) 4 for
fermions, and H' for the Higgs, which are under the conjugate representations of all the groups.

Fields | SU(2); x SU(2), h SUB)e U(l)gm | Flavor B L
G (1,0) ~1 8 0 1 0 0
F1ap (1,0) -1 1 0 1 0 0
Ve (%,0) —1/2 1 0 n, 0 1
Nea (3.0) ~1/2| 1 0 n, 0 -1
€ (%,0) —1/2 1 -1 ne 0o 1
Cea (%,0) —1/2 1 1 Ne 0 -1
Una (%,0) ~1/2| 3 2/3 ne  1/3 0
e (3.0) ~1/2| 3 —2/3 | n. -1/3 0
doa (3.0) ~1/2| 3 ~1/3 | ng  1/3 0
d°,, (3.0) ~1/2| 3 1/3 ng  —1/3 0

Table 2. The field content of the vLEFT. The numbers of neutrino flavors, electron flavors, u-type
quark flavors and d-type quark flavors are denoted as n,,, n., n, and ng respectively with n, = 3,
ne =3, Ny, =2 and ng = 3 in vLEFT.



T
where [;, and Ng are four-component chiral Dirac fields with L, = ( Va, €a ) two-component

SU(2)w doublet. For the building blocks of vLEFT, where the SU(2)y, symmetry is broken,
the notation which writes neutrinos changes to

w, = <Voa> (2.23)

N = (NOM ) | (2.24)

It is an interesting question as whether the neutrinos are of Dirac type or of Majorana
type. Since the neutrinos are neutral after the electroweak symmetry breaking, they are
generically Majorana fermions. All massive fermions consist of two-component spinors with
Majorana masses, whilst a pair of them can be written as a Dirac fermion if and only if
there is an SO(2) global symmetry

LD —mér€y — méaba + hec., (51> EION (Cf’w —sin ¢> <§1> . (2.25)
& sing cos@ &

In our case, the left-handed neutrino and a right-handed counterpart could be their com-
plexification

v==§& +i€e N, =& — iy, LD —mvN, + h.c. (2.26)

The SO(2) symmetry becomes an opposite phase shift for v — ¢y and N, — e*id’N(C
that can be identified as the lepton number U(1)z.! Therefore, from the EFT point of view,
any U(1)p violating effect could result in the breaking of the SO(2) symmetry. Since the
unbroken SO(2) allows us to combine the neutrinos into a Dirac fermion as

vp = (VL> , LD —mvUpvrp, (2.27)
Nr

we conclude that the Dirac neutrino is just a notation allowed by the existence of an exact
U(1) symmetry, hence the question is replaced by whether the U(1) violating operators
are turned on in the vYSMEFT. Once they are turned on, we get the Majorana neutrino,
whose four-component form is

v, N,
= o Ny = o 2.28
we= () = (). (229)

where yg =vi%and N = N g‘j‘. We show the complete list of the U(1), violating operators
in the paper, which should contain the answer. For generality, we stick to the chiral fermion
notation eq. (2.22)—(2.24) throughout the paper.

!Consider the U(1)” phase symmetry of the field content H, Q, L, Ug, d., e, N in the YSMEFT, broken
by the 3 Standard Model Yukawa’s and an additional Yukawa for neutrinos HLNc down to U(1)?, one of
which gauged to be U(1)gm. The remaining two U(1)’s are conventionally divided into Baryon number
U(1)p and Lepton number U(1)r, and by definition, the neutrinos carry no Baryon numbers. Hence the
U(1) symmetry for neutrinos has to be the Lepton number U(1)r.



3 Operator basis

In this section, we will briefly introduce the Young Tensor method to obtain the complete
operator bases of YSMEFT and vLEFT, then give a specific example of the method. More
details can be found in refs. [5, 7, 12].

3.1 Operator construction using Young tensor

The independent Lorentz structures of a certain class corresponding to amplitudes of N
particles containing 2n As and 27 As can be presented as SU(N) semi-standard Young
tableaux (SSYTS) of a so-called primary Young diagram. The primary Young diagram is

as follows,
n
——
YNna = 4 : : (3.1)
2, H —
—_————
n

The number of certain indices ¢ to be filled in the primary Young diagram to form SSYTs
is determined by #i = 1o — 2h;, where h; denotes the helicity of the ith particle in the class
and the set {h;} are sorted in the order h; < h;j41,i=1,--- ,N. The Fock’s condition of
Young tableaux corresponds to the IBP relation and the Schouten identities of operators,
and the SSYTs obtained in this way form a complete and independent amplitude basis
that spans a subspace of the representation Yy , 5 of the auxiliary SU(NN) group. The
correspondence between SSYTs and amplitudes translates columns of SSYTs into brackets
using the following rules

i), e (32)
kN3
Fixo

An concrete example of this correspondence is demonstrated in eq. (3.8) and eq. (3.9).
So far, we manage the massless particles except for the massive Majorana neutrino. As
discussed in ref. [12], we show that our algorithm for finding the massive amplitude basis
can be directly applied to the theory with massive particle of spin S = 0,1/2, because the
following one to one correspondence between massless and massive amplitudes exists:

h=0 A’“X’“—>(AJXJ)T $=0, n=0
1 . S\ 1
h=—g NN =X (VX)) s=35 n=0 (3.3)
_1 ry1+r . Ix )" —1 =
h=g5 XA —>)\()\)\J) S=5, n=1



Therefore we treat the massive Majorana neutrino as a massless particle in our method,
finding the operator basis for a given dimension. Taking into account the amplitude-
operator correspondence introduced in eq. (2.18) to eq. (2.21), one can further translate
the amplitudes to operators as an example showed in eq. (3.10).

The independent gauge structures of a certain type contain the Levi-Civita tensors
contracted with fundamental gauge group indices of building blocks. Other representations,
such as anti-fundamental and adjoint representations, can be converted to the one with
fundamental indices only, which corresponds to a particular Young tableau as shown in the
following examples,

Ad~A alb
eacd)\ bG :Gach P ‘7

EachT’c = le ~ ’ (3'4)

et fW! = Wi ~[i] ],
einT’j = Hi ~ .

Then the independent gauge structures are obtained using the modified Littlewood-
Richardson rule which applies to the Young tableaux [5].

If there are repeated fields in an operator, more redundancies emerge since certain
permutation symmetries of flavor indices are supposed to vanish due to permutation sym-
metries of the Lorentz and gauge structures and spin-statistics of identical particles. To
remove these redundancies, we introduce the projectors [5] to pick out the permutation
symmetries of Lorentz and gauge structures and obtain the operators with allowed permu-
tation symmetries of flavor indices through inner product decomposition, since the effect of
permuting flavor indices is equivalent to that of permuting gauge and Lorentz structures:

N {9k} {hk,--} {fir}
7o Okt = (77 o Tatk ) (7r o Tgus ) (77 o /\/l{g';w},{hkw}) . (3.5)
permute flavor
permute gauge permute Lorentz

After an extra step to simplify the result while keeping track of the permutation
symmetries, which we called de-symmetrization, the final result is expressed as yg[ﬁ] o (’)Z(m),
where yg[{\} is the xth Young symmetrizer of the S,, group representation A, and C’)Z(m) is a

monomial. For example,

yl[?)] OP's — y [] OPTs — OPTs + o"ps + ops” + OrsP + Os"P + Ospr7
(2,1] yprs _ T TS __ s TPS __ ST __ )SPT
yiors =y [ ors = o 4 07 — 05 — O, (3:6)

y{IS]Oprs _ y Oprs — Oprs _ Orps _ Opsr + Orsp _ Osrp + Ospr‘

The action of a Young symmetrizer can also be interpreted as acting on the Wilson coefficient
tensor instead of the operator since

Z Cprpa..pn (Y[NJOPIP2Pr) = Z (y_l[)‘}cmpz...pn) oprpzbn, (3.7)
i

pi

~10 -



where Y71 [A\] means taking inverse of each constituting permutation in Y[Al. YA Cpps..pn
will project out the A irreducible representation of \S;, group in terms of the Wilson coefficient
Chpips..pn» and the operator is still a monomial in this case. An explicit example will be
given in section 3.2.

3.2 Procedure and example

Before getting started, we should clarify some terminology that will be used in the following
content.

o Class: A (Lorentz) class is formed by abstract fields that are Lorentz irreducible
representations and covariant derivatives.

o Type: Substituting the specific fields of YSMEFT /vLEFT into each class, the com-
bination of fields (and covariant derivatives) that can form gauge invariant is called

a type.

e Term: In each type, we organize Lorentz and gauge invariant flavor tensors into
different irreducible representations of the symmetric group of flavor indices, and each
of the irreducible representations is called a term.

o Operator (flavor-specified): Each flavor-specified component of a term viewed as an
irreducible flavor tensor is an operator.

Let us take the operator type LN SH D? as an example. The independent Lorentz
structures are presented by the following SSYTs.

1[1[3[3] [1[1[3[3] [1]1]3]4] [1]1]2]2] [1]1[2]2
212]414] [2]2]4]5] [2]2[4]5] [3[3[4[4] [3[3[4]5

15 4] 13 5] 4]

1[1[2[4] [1][1]274] [1]1]2]3] [1]1]2]3] [1]1[2]3

2131315] [2]3[4[5] [2]4[4]5] [2[3[4[4] [2[3[4]5 (3.8)
4] 3] 3] 5] 4]

These SSY'Ts are independent and complete, and any non-SSYT can be converted to SSTYs
with the Fock’s conditions [39], thus form the so-called y-basis (Young tableau basis) of
this type and can be interpreted as amplitudes using eq. (3.2)

(12) (34}2 [34] —(12) (34) (35) [35]  (12)(34) (45)[45] —(13) (24)2 [24] (13) (24) (25) [25]
—(13)(23) (45)[35]  (13)(24) (45)[45]  (14)(24) (35)[45] (13)(24)(34)[34] —(13)(24)(35)[35].
(3.9)

Furthermore, the y-basis can be expressed as Lorentz structures of operators using the
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amplitude-operator correspondence eq. (2.18)-(2.21), and the basis vectors are
M = LN, 20 (DN_3)3" (DN_.4)§, Hs,
M3 = —Li N 2q (DNC‘&)gV Neap (DH5)?; )

M = L?NC204NC3I@ (DNC4)gd (DH5)3 )

M = =L (DN,2) No3a (DN_4)5, Hs,
M%I = Ltlx (DNCQ)Q’Y N@3CMN(;4,3 (DH5)?; )
M = —L§N,o" (DN_3) g Nea” (DH5)S

MY = LY N,2" N.3a (DNo4) ), (DHs)S
M = L¢N_oP N 3" (DNc4)opa (DH5)?/’
M} = LY N.5" (DNs)1; (DN_4)$s, Hs,
My = —L$Noo” (DN_3)] 4 Neag (DHs)S -

ac”'C

(3.10)

The m-basis of this type, which independent monomial operators span, can be obtained
by converting D,z to D,, and finding the independent monomials, which in this case are

1 = (LpiNer) (DN sD"Ney) Hj,

5 = (LpiNer) (DuNesNet) D' Hj,
5 = (LpiNer) (Nes DpNed) DR Hj,
My = (LPiNccS) (D#NCTDNN@) Hj,
5 = (LpilVes) (DuNcrth) D"Hj, (3.11)
6 = (Lpith) (NerDyuNs) D' Hj,

B = i (Lo Net) (Ner D*N,) DV Hj,
Mg = (LpiNgs) (Ner DuNet) DY Hj,
M = i (Lo Nes) (Ner DFN,) DV H,
10 =  (Lpioyw Ner) (DF N s DY Net) Hj.
After obtaining the m-basis, we can symmetrize the Lorentz structures into irreducible

representations with regards to permutation of flavor indices of the repeated fields N,
which form the so-called p-basis Lorentz structures (symmetric permutation basis) M€

3],1
M) (030 0 3 ol bo) e
/‘/‘211]1 0000 0 -1 L 1ollmp
Mt 2.00-200 0 0 00]||Mp
MPNT SR g0 82 cid o0 3| | My
MPU2E o0 2 0 0 <1 b L Lol My 519
M2 = o 20 0 0 111 Pl flmpl B
Il I N R R .
M3 0-320 0-22 0 3% 00][Mp
MU SR s s
M2 0 -3-30 0 -—3-5-3 50 10
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where A denotes the representation of the symmetric group, and z = 1,--- ,dy. £ is the
multiplicity of the representation. As we can see, the symmetrization procedure here
is a full-rank conversion matrix that converts m-basis vectors to p-basis vectors, which
guarantees the independence and completeness of the p-basis. Here one subtlety emerges, as
we elaborated in ref. [5], the Grassmann nature of fermions needs to be taken into account,
so the final permutation symmetry of Lorentz structure should be AT instead of \.

The gauge group structure of this type is simple. After presenting the SU(2) represen-
tations of L and H as Young tableaux,

Li~[4], H; ~[§], (3.13)

we find that the only non-trivial SU(2)y, gauge group factor is

~ el =T (3.14)

At last, the flavor structures of operators are determined by the inner-product decom-
position of the Lorentz structures and the gauge structures. We denote the operators with

certain flavor symmetries A by OEI/\))x) ¢ and find that

®)
Offi31,1)1

ov) 0 =30 0 5 § 535 0) M7,
o 000 00 0-35 35 3 0f|MTh,
L R RN I
(2121 330 35 35 —-l—-3 35 0 3| MPI&y,
O111)2 000 5 00— 35 5 —30| M,
) - _2 1111 mpm (3.15)
Ol2,11,2),2 0 o> 2 0 02 33 3 3 0 | M&Tst,
Ob 1) 0 5 3 0 -3-3 3 -3 30| | M5
0w 0 -20 0-22 0 2 0o0]|MrTH,
2,1],2),3 2 2 4 2 12 2 mAm
O([(p)]) 3 _g 02 3 3 _1 _§ 3, (1) 5| | M Ts02
OEE’)}’I)’I 0 =530 0 —-3-5-3 5 0/ \MitIst
(13),1),2

It should be noted that the basis {(’)Ei)x) ¢} 1s over complete, as discussed in ref. [5] and [40],
so we only keep the x = 1 basis vector for each representations. Therefore the complete
operator basis of type LNSHD2 is

o'

o® B2t (316)

(p)
o (30,17

) ) ) )
i Otz Oz Oz O@ins

([131,1),1° =
The p-basis obtained above is very long. To simplify the form of the result, we apply

the desymmetrization procedure [7] and express the operator basis as monomial flavor
tensors with certain flavor symmetry A, that is, yg[ﬁ] o Ogm), called the p’-basis. In this

~13 -



example, the p’-basis is

OEH‘"’} 1,1 =Y eijDqu (LpiNer) (DuNesNet)

OEBQ} 1.2 =V || i€ DY Hj (Lyiopu Net) (Ner DM Nes)

Oég)u 1)123’ ] ¢ Hj (LpiNer) (DuNes D¥Ney)

ophi [} € D'H; (LpiNoy) (DyuNosNoi) (3.17)
(’)(p Vi {} ¢V D"H; (LyiNgy) (NesD,Ney)

05&31»1 = Y [stetal € Hj (LpiNer) (DuNes D" Nev)

OEE}J)Q = Y [emsrzl €/ D" Hj (LypiNor) (DuNesNet) -

This is the final form of operators in our result, eq. (4.318), after converting two-component
spinors to four-component spinors. The Young symmetrizer in front of each monomial
operator is interpreted as acting on the Wilson coefficient tensor Cp,.st, so that the indepen-
dent component of the Wilson coefficient tensor that corresponds to each flavor specified
operator is constrained. For example, for three generations of fermions, the flavor tensor
Cprst contains the following independent components for each possible value of p = 1,2, 3:

5]
: (1fa] [afa] [a]2] [1]2] [1[3] [1]3] [2]2] [2]3]
2] 3] [2] [8] [2] [3] [3] [3]
rls[ef-[afafa] [afa]2] [1]1]3] [1]2]2] [1]2]3] [1][3]3] [2[2]2] [2[2]3] [2][3]3] [3]3]3]
(3.18)
Thus the flavor tensor can be further written as
Cprst == C + C + C (319)

4 Lists of operators in vYSMEFT

In this section, we list the complete and independent operator basis in ¥SMEFT from
dimension 5 to dimension 9, and the statistic results of the operator basis are listed in
table 3, 4 and 5. It should be noted that the two-component Weyl fermions are used in our
building block and converted to four-component (chiral) Dirac fermions in the final result.
We give the relations for conversion here for readers’ convenience.

T ) ) ()
: : ’ ?4.1)

QL:<07QT)’ aR:(Uc>0)a JR:(dC7O)7 ZL:(O’LT)’ éR:(e(C?O)’ NR:(NC’O)'
(4.2)

Since each four-component fermion is given a unique name here, for simplicity and consistency
with other references, the subscripts L and R are omitted without causing any confusion.
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Dim-5 operators
N (n,n) Classes Niype Nierm Noperator Equations
3 (2,0)| FL?+he 0+0+2+0 2 np(ng—1) (4.11)
4 (1,0) | 92¢*+h.c 0+0+2+0 2 ng(ng +1) (4.12)
Total 4 0+0+4+0 4 2n%
Dim-6 operators
N (n,n Classes Niype Nierm Noperator Equations
4 (2,0) Yt + hec. 4424042 | 14 §n3(49n% — 1) (4.24)-(4.27)
Fy?¢p+he | 4+0+0+0 4 4n’ (4.28)—(4.29)
(1,1) P2pt2 104+24+0+0 | 12 1nF(A1ng + 6ngp + 1) (4.30)—(4.38)
Piptp? D 3+0+0+0 3 3n% (4.39)—(4.40)
5 (1,0) | 9%+ hc 2+0+0+40 2 2n% (4.41)
Total 8 23+4+0+2| 35 513 (221n% + 18ny 4 109)
Dim-7 operators
N (n,n Classes Niype Nierm Noperator Equations
4 (3,0 F2% + h.c. 0+0+6+0 6 3ng(ny+1) (4.42)—(4.44)
(2,1) | FX2+he | 0+0+6+0 6 3ng(ny+1) (4.45)—(4.47)
Y3 D+ he | 04442040 | 24 3n3(43n% — 15nf 4 2) (4.48)(4.59)
FytéD +he | 04+40+840 8 8n% (4.60)—(4.63)
2¢?D% 4+ he. | 04+0+4+0 6 4n’ (4.64)—(4.65)
5 (2,0) Yo + hec. 0+2+10+0 | 24 12n} (4.66)(4.71)
F?¢? +he | 0+404+640 6 2np(2np — 1) (4.72)(4.74)
(1,1) 2p2¢ 0+4+224+0| 30 n3(23ns + 3) (4.75)—(4.87)
PpT$3D 0+0+2+0 4 n? (4.88)
6 (1,0) | ?¢* + h.c. 0+0+2+0 2 np(ng+1) (4.89)
Total 18 0+10+86+0| 116 |3ns(148n% — 6n% + 83ny + 15)

Table 3. The complete statistics of dimension 5, 6, 7 ¥YSMEFT operators. N in the leftmost
column shows the number of particles. (n,7) are the numbers of € and € in the Lorentz structure.
/\ftype, Nierm, and Noperator show the number of types, terms and Hermitian operators respectively

(independent conjugates are counted), while the numbers under Nype describe the sum of each
possible |AL| types/operators with N = N(JAL| = 0) + N (|AL| = 1) + N(JAL| = 2) + N(JAL| = 4).
The links in the rightmost column refer to the list(s) of the terms in given classes.

Here, we give some conversions between four-component spinors and two-component

spinors for readers’ convenience. For four-component bilinears formed by

(%)

€a

U =

~15 —

vy = (x*, &),

(4.3)




N (n,n) Classes Niype Nierm Noperator Equations
4 (3,1)| *D?>+hec 44+0+2+2 22 1n(49n% — 6n% + 3nj + 2) (4.90)(4.93)
Fap?¢D? + hee. | 4404040 8 8n7 (4.94)—(4.95)
(2,2) F,Frp'D 3+0+0+40 3 3n% (4.96)—(4.98)
P2pT2D? 10+2+0+0 24 $nF(41ng +1) (4.99)—(4.107)
Fri?¢D? + he. | 4404040 4 4ng (4.108)—(4.109)
Yt D3 3+0+0+40 4 4n% (4.110)—(4.111)
5 (3,0)| Fut+he 10+4+0+2 50 1nr(133n% + 2n% — nj +2) (4.112)-(4.119)
F20%p + h.c. 8+0+0+40 12 12n% (4.120)—(4.123)
(2,1) | Fv*9f24+he | 424124040 | 58 $n3(97n% — 1) (4.124)(4.150)
F122¢ + hec. 8+0+0+0 8 8n% (4.151)—(4.154)
P3YieD 4 he. | 24464042 | 108 n}(87ny — 1) (4.155)—(4.170)
Fypt¢?D+he | 12404040 16 1607 (4.171)(4.176)
P2$3D? + h.c. 24+040+0 12 12n2 (4.177)
s
6 (2,0 Pip? + h.c. 8+2+0+2 30 2n3(23n} +1) (4.178)—(4.183)
FLy?¢% + h.c. 4404040 6 6n7 (4.184)(4.185)
(1,1) P2apt2p? 16 +4+042 28 1n3(91n% + 2ns + 3) (4.186)—(4.199)
fo'D 3+04+0+0 3 3n? (4.200)—(4.201)
Yy 7
7 (1,0) Y245 + h.c. 24+40+0+0 2 2n} (4.202)
Total 31 167+ 30+2+10| 398 | {5n7(2921n% — 18nF 4 961n; + 12)

Table 4. The complete statistics of dimension 8 YSMEFT operators. The numbers under Nype
describe the sum of each possible |AL| types/operators with N' = N(JAL| = 0) + N(JAL| =
1) + N(JAL| = 2) + N(JAL| = 4).

the following relations are useful to convert the four-component bilinears to the two-

component sSpinors.

U0y = xPéoa + §IaX2d ;

U0y = x§ O'WXQ + flaawafzm
T10H Ty = X§ (01), Yo + g ()% il
VIO = 80 + xlaxf :
UL Oy = €00 X3 + X140 60,

(4.4)

VIO Wy = €7 (), Pap + x5 ()% 51,

U005 = €], + X x20
U100y = xFok &% + fiaf}udaxm
B = ], ()"

~16 —
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N (n,n) Classes Nigpe Nierm Noperator Equations

4 (4,1) | FL2%D? + hec 04+6+0+0 12 6ng(ng+1) (4.203)—(4.205)
(3,2) | FLFRy?D? + hec.| 046+0+0 6 3ng(ng + 1) (4.206)—(4.208)
F2Y2D2 4 he. | 04+6+0+0 6 3ng(ng +1) (4.209)—(4.211)
3YID3 + hee. 44204040 46 3n}(43n7 — 1) (4.275)—(4.286)
FyyteD3 4+ he.| 0+840+0 16 16n% (4.212)—(4.215)
V22D + hec. 0+4+0+0 8 ng(5ng + 1) (4.216)—(4.217)
5 (4,0)| F¢%+he 0+104+0+0 16 dng(2ny — 1) (4.218)—(4.222)
(3,1) | R+ he 0+44+0+0 4 2nf(ny +1) (4.223)—(4.224)
FpyiD+he | 104424040 | 222 In3(212n% +1) (4.287)-(4.312)
F2pptoD 4+ he. | 04+164+0+0 32 32n% (4.225)—(4.232)
Y*oD? + h.c. 2+10+0+0 | 120 60n} (4.313)(4.318)
F2¢?D?> 4+ he. | 0+8+0+4+0 42 2nyp(ldny — 1) (4.233)-(4.236)
(2,2) | FLFR*Y? +he | 0+12+0+0 12 6np(ns —1) (4.237)-(4.242)
Frp®piD + hee. | 104+424+0+0 | 166 2n%(53n; — 5) (4.319)—(4.344)
FLFrypt oD 0+10+0+0 24 24n3 (4.248)—(4.252)
P2pi2¢D? 44+22+0+0 210 n§(161nf —3) (4.345)—(4.357)
Fre?¢*D? +he. | 04+8+0+0 24 dng(dny — 1) (4.243)—(4.246)

ipt 3 D3 04+2+0+0 20 20n} (4.247)
6 (3,0 Y5 + h.c. 6+10+6+2 | 130 | #4n3(1921n} — 2190} — 335nF + T5ny — 2) | (4.571)(4.582)
Fryte + hee. 6+26+0+0 | 110 n(53n; —9) (4.358)—(4.373)
Fi22¢2 +he. | 0+12+0+0 18 2n(6ny + 1) (4.253)(4.258)
(2,1) | »*24he  |404+106+14+0| 474 15n3(2455n% + 91n} — 91ny + 65) (4.491)—(4.570)
Fa?pt2p+he | 244116 +0+0 | 176 138n} (4.374)(4.443)
F2Y2¢% + he. | 04104040 10 2nf(3nf + 2) (4.259)(4.263)
W3I?D +hee. | 104+444+0+0 | 268 n3(181n% — Tny — 2) (4.444)—(4.470)
Fyte®D 4+ he| 0+840+0 32 32n% (4.264)—(4.267)
2$*D? + h.c. 0+4+0+0 20 2np(Tng + 1) (4.268)—(4.269)
7 (2,0) P*¢% + hec. 2+12+0+0 28 FnF(10n7 — 1) (4.471)—(4.477)
Fry?¢* + hec. 0+6+0+0 6 2np(2ny — 1) (4.270)(4.272)
(1,1) 2apT2p3 44224040 34 2n%(13ny + 2) (4.478)—(4.490)

Pptd® D 0+2+0+0 4 4n% (4.273)

8 (1,0) 2% + h.c. 0+24+0+0 2 ne(ng +1) (4.274)

Total 59 122461642042 | 2298 | 72" (100510] + 327+ 64519n]
—1335n7 + 17182n + 432)

Table 5. The complete statistics of dimension 9 ¥YSMEFT operators. The numbers under Niype
describe the sum of each possible |AL| types/operators with N' = N(JAL| = 1) + N(|AL| =
2) + N(|AL| = 3) + N(|AL| = 6).
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0 o, ; pry B 0
where v# = <5ud6 85) and o/ = %[7“,7“] = <(U 0)‘1 (5“”)6‘3 . In our notation, the
0 -0
Dirac charge conjugation matrix C' = iy%y? = Cad V) = ¢ = —C~ 1 and
0 € 0 —€4p
the following relations are needed to compare with the literature,
ve=CT, ¥e=-9Tc =97 (4.5)

It should be noted that the transpose symbol T is omitted in our result. Here we give some
examples of the conversion

ape (@ CN) (4PC1) = €ape (dep™Neo) (o) (4.6)
il D*HY (Nyy,N, ) = il D*HY (N0, NL ) (4.7)
iBL" (NpoyyCN, ) = iBLM (Nopoyu Ner) (4.8)

The Hermitian conjugates of the fermion chains are

_ab _ . Nt
(010, = 0oy, (U190 | ' = Wy, (U100 |' = Wao Wy, (49)
[U,00,) = UeCWy,  [U,C7H 051 = Upy Oy, [U,Co™ Uyl = Uyt Oy, (4.10)

In the following we will list the operator basis up to dimension nine. Our result of
operator basis has been checked with these in ref. [18] up to dimension-seven for yYSMEFT
and refs. [19, 20] up to dimension-six for YLEFT. The number of independent operators are
the same as those in the literature and we also checked that the concrete form of operator
bases are consistent with the literature up to the freedom to choose independent operators
due to redundancies. We should clarify that each v () in an operator class means a two-
component left-handed (right handed) spinor in this class. The baryon number and lepton
number violation pattern of each operator type are presented next to the type as (AB, AL).
The subscripts and superscripts {p,, s,t,u,v}, {i,7,k,l,m,n}, {I,J, K, L}, {a,b,c,d,e, f}
and {A, B,C, D} denote flavor indices, SU(2)y group (anti)fundamental representation
indices, SU(2)w group adjoint representation indices, SU(3)¢ group (anti)fundamental
representation indices and SU(3)¢ group adjoint representation indices respectively.

4.1 Lists of the dim-5 operators
Class Fi,/%: 1 type

O, 52(0,=2)| Y [E] iBL#” (N0, CN, ) (4.11)
Class V?¢?*: 1 type
Oeng (0,—2)| Y [e=] HiH' (N,ON, ) (4.12)

These operators contribute to the sterile neutrino masses and right-handed neutrino magnetic
moments, listed and discussed in refs. [15, 16]. Here (0, —2) denotes the baryon and lepton
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numbers and each of the s or 1's in the class name means a left-handed two-component
spinor or a right-handed two-component spinor in the class respectively.

We take these two operators as an example to discuss the connection between our
results and those in other literature. In ref. [15], the above two operators are written as
(WJ’“’N C) B, and (WN C) (qSTqb). These operators are exactly the same as our result
after some conversions between notations. For gauge bosons contracting with o matrices,
the following relations are useful,

BEM (o), =F" (ou)," = —iF" (o), ", Fr" (o), =0, (4.13)

F @) 5= P () 5 = i )5 R (0u) 5 =0, (414)

where F' can be the field strength of any gauge boson in the yYSMEFT or vLEFT and
1 ~

P = 3 (F F zF) Taking account of eq. (4.5) and eq. (4.13), eq. (4.11) and eq. (4.12)

become

Y [ iB" (Mo N;) (4.15)
Y [orel HiH' (N, Ny) (4.16)

Now we can see that these two operators are the same operators as these in ref. [15]. Besides,
we also explicitly show the flavor symmetries of the operators. For example, the flavor
structure of the two right-handed neutrinos in eq. (4.15) must be antisymmetric, while the
flavor structure of the two right-handed neutrinos in eq. (4.16) must be symmetric.

4.2 Lists of the dim-6 operators

These operators were listed and discussed in refs. [17, 18]. We will take type d>Nu as
an example and compare our result with that of ref. [18]. To do that, first we find the
Hermitian conjugate of operators eq. (4.25), which are

o\ (5 f

€ (NyCdpa) (w1Cllyy) = [eane (4"CN,) (d,°Car°)|", (4.17)

e (A Cdya) (urcCN:) = [eane (4,°C,) (NoCwre)|' (4.18)

derived from eq. (4.10). Afterwards, taking account of the flavor structure of eq. (4.18),
we find

€ (dpCdpa) (useCNg) = € (NyCdpa) (useCdry) + €€ (NsCdya) (useClpy) — (4.19)

= = [H] e (NsCdpa) (urcCllyy) (4.20)

o Y [E] € (drpCepa) (ureCN), (4.21)

where we used Schouten identity in the first equality. After these conversions, we can write
our result as

y [] Eabc (Nstpa) (utchrb) ) (4.22)
Y [E] et (NoCdpa) (uicCir) (4.23)

which can be reorganized into one term € (N, sCdpa) (utcCdrp) and is the same as operator
OuddN in ref. [18]
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Class 1*: 4 types

Nthaj) (Epalri>
d aCWs) (lm‘CCImj)
Y [ eae (°CN, ) (4, C)
Y [#l] eate (40, (NoCme)
Y ez € (phei) (Nilas)

VB € @plei) (Nilss)
Ox+(0,—4) |V [E5] (N,CN.) (N,CW)

OG0, 0)
1.7

0:2(0,0)

Class Fra)%¢: 2 types

Class V212 9 types

OWLZNH(Ov 0)|1 (TI); eijjWI{“” (Nra,wlpi)

OpLivu(0,0) ‘ieinjBLMV (Nmu,,lm-)

Oangz(1, 1)‘37[] el (dseC Nt) (qpaiCry;)
Ot a(0,0) \(z Ny (1 )

Oxinga(0,0)| (Npgrai) (@' Ny)

Ouena(0,0) | (dsaCNy) (6,0, )

Ox a0, 0) | (NsCura) (N, C, )

Oaan (0,0)|(dsaCNy) (@,°CN, )

Oy (0. 0)| (Nelyi) (1V:)
Orern(0,0)|(esCNy) (2,CN, )
Oxen2(0,0)|Y [ 2] (N,CON) (N, CN, )

Class YT ¢?>D: 2 types

Class 1%¢>: 1 type

Onuizp(0,0)|ie; HYDRH (8,7, N;)
Onarip(0,0)[iH: DV HT (NN, )

OZNHQHT (()7 0) ‘ EikHijHU (erpi)

—90 —
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(4.25)

(4.26)

(4.27)
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4.3 Lists of the dim-7 operators

Class Fi,?1?: 3 types

O, 252(0 ‘37 [PLF] (N CN )GLWGAW
OWL2N2 ‘y [217] (N CN )WLWW{W
Op, 2x2(0, ‘y 7] BLuw BL"” (NpCNT)

Class F1,>¢2: 3 types

OGLZNQ ‘y m- N CN)GEHVGAMV
O 2n2(0,2) |V [az] (NpCONy) W WY
OBLZNQ , ‘y [ BL/,LI/BL (NPCNT‘)

Class ¥3TD: 12 types

Oungzp(l, —1 ‘y { } iebeeld (Np’mdtc> (¢raiC D*qsp;)
O (0 ~2)|i (DT gras) (N3l
leqD(OaQ)‘%” ( » WNt) (1riC D" qsaj)
Ongqn(0:=2)| [E] i (N, Dgeui) (NpvuCai?)
O vap(—1, )|V [z cane (53N ) (d,°C D)
Oenap (0, =2) |i @ rudia) (N, C D)
O 0.2 [8]# (Fyuva) (W CD95.)
Ognzp(0,-2)|Y [} (dp %dm) (WTCD“NS)
Oa2np(0,2) ‘y [z 1€ (€pyuNy) (1r;C DP;)
Oiin2p(0,—2)|Y [ } (NrCD”Ns) (Zti7ulpi)
000 DIVl e (D)

Oxonn(0,-2) y (¥,:) (N.CDHR,)

Class Fi ¢D: 4 types
Owinap(0,2) ‘Z (71>k /"D HyWiH, (1,:CyY Ny)

OWLl_NHTD(()? —2)

K . —
ieji (1), DLHTWE, (N Ol
OBLINHD (07 2) ‘ ieijBLﬂuDqu (lpo’YVNT)

Op, ivuip(0,—2) ‘ieijBL“uDuHTi (pry”CZ,J)
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(4.42)
(4.43)
(4.44)

(4.45)
(4.46)
(4.47)

(4.60)

(4.61)

(4.62)
(4.63)



Class V?$*D?: 2 types

OeNHTQDQ (0 2)

ies; DuH'D, HYT (2,00 CN, )

Y H iD,H;D,HTi (71,0’“’0]\7,»)

O(’LQ) (07 _2) — _ .
Y [z DuHi (N,CN,) DRHT

N2HHTD?

Class Y¥*¢: 6 types

... EabCEZkHTJ NpQra'L (QSbqutck)

1 - 1 eabcezk HT] pQTaz QSbj quk)
I
I

EabCEZkHT] pQraz qsb] Cthk)

(1,2) HJ” e C'N (Tt Qsai)
Ocqurr (=2 Hti e:anz (N Cu® )
O](V2q)uH(0 —2) y{ ] UH ( pqs‘”) () Tcuta)

Y [or] €9 H; (N CN

thQSaz
Y [!} HY (Nogiai) (°CNy )
Y [m) H' (Notai) (4,°CN )
Y [ 71 (&CN. ) (Wil
Y[ HY (N CNt) (@plri)
O350, —2) \y [} i H, (NSCNt) (erpi)

Ol(iNQ) Ht (0 2)

OSNQ%HT (0,-2)

Class Fi%¢%: 3 types

Oy, enmtz(0, —2) i€k (7’1) HTiHW] (epJWC’N>
(2]

Ow, vzt (0,—2) y{
O, xoat (0,=2) |V [E] i HY B (N0, O,
Class 1?2 ¢: 13 types
Onzgan (0,2)|Y [r2] €7 Hj (NsCNy) (T Gpas)
Ogengrr(0,2)| €7 Hj (e CNt)( p qm)
Onzqrrt (0,2)| Y [zl H (N,CNy) (dy%0ri)

ZkH ]Ns l ’LC raj
Ot (0.2 ¢ (317:) (i)
€’ Hy, (Qt N, (lpic%"aj)
O g (1, =1) |V [E] €€l H; (dyCre) (Npras

OquuHT(l _1)

eabe frii (Npqmz) ( stUtc)
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} (Tf )j H;HY I Wle (*paWCNT)

(4.64)

(4.65)

(4.66)

(4.67)

(4.68)

(4.69)

(4.70)

(4.71)

(4.72)

(4.73)

(4.74)

(4.75)
(4.76)
(4.77)

(4.78)

(4.79)
(4.80)



Ovaun (0, 2)\ ¢ H; (NyCta) (T %) (4.81)

OleuH ‘H (N CU’T‘ )( dsa) (482)
OJleH(Ov 2)‘6 ]Hj (dsaCNt) (dp lri) (483)
A €% Hy, (1,:Cl5) (15N,
0L (0,2) Vo) . ke (y ”)<, | ) (4.84)
Y [ e Hi (1,:C1y) (1)
Ozan1i(0,2) |69 Hj (esCNy) (€plri) (4.85)
Ozt (0,2) |V [a1z] HT (NCNy) (@plrs) (4.86)
Oy (0,2)|Y [z2] €9 Hy (NJONy) (Nl ) (4.87)
Class vt ¢3D: 1 type
s ik 7T rEti (] .
(1,2) 7,6‘ H]Hkp H (lpo')’uNr) 4.88
Owirzip(0:2) i’ H;HI DPHy, (15iC,Ny) (4.88)
Class 1%¢*: 1 type
Oz gtz (0 \y o] HiH;HTHY (N,CN,) (4.89)

4.4 Lists of the dim-8 operators

Class 1*D?: 4 types
€ ap“lm') SDuNsD“qmj)

1~3
O 2(0,0)

Elj Ep“CWS (DMZM'CDM(]M]') (490)
i€ (DHNSD,,qtaj) (Ep“a“”l”-)

Y ] eate (4,°CN.) (Db C D)

1~3 _
Ofm )DQ( L =Dy | eape (dp*Cd,*) (D, NCD (4.91)
y €abc 7paCNs DuarbCD’u'ﬁt
(1~3) Y [T €' (Eplri) (DMNtDMlsj)
Oezyp2(0:0)|¥ [ €9 (eylyi) (DFNi Dyl ) (4.92)
Y || i€ (DN Dyl ) (E0"1,:)
S —
002, (0, —4) Y [-} (N,CN:) (D"Nf b Ni (4.93)
Y [EnnE] (NPCNT) (D#NSCD“Nt)
Class Fi,)>¢D?: 2 types
1\ ik i N. g ] .
01D ol (v )keﬂ D, H; Wi ¥ (DN o™iy ) o)
WLINHD ¢ ik ‘ Tuv _ A
7)€ D, H;Wy D, Ny
12 i€ B \*DyH: (D, N,
O(BLIZVHDQ(O’O) ¢ Br MY D H]((l) MN l ) p) (495)
L vily puiVripg
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Class Fy,FrtD: 3 types
OGLGRNND (07 0) ‘iGé“VGéVA (NP’Y)\DMNT)
OWLWRNND(Ov 0) ‘iWI{MVWéV/\ (Np’YADuNr)
OBLBRNND (07 O) ‘iBLHVBRV)\ (NP’YADHNT>

Class ¥?12D?: 9 types

Yy {} ie®cel (D,udscCDuNt) (QpaiCU'uVQTbj)

Y ] €€ (4paiCarog) (DpudscC DM Ny)

(5" pas) (Dl DMV,
7 (D,JsiDuNt) (@™ qpai)

O pa(1,1)

(1,2)
Ol_NqﬁDQ (07 0)

002 0,0y (Vo) (D" D)
hvaab i (DVq?iDMNS) (Npo"uy%"ai)
0(172) O O (épCﬁ""a) (DMdSGCD#Nt)
déNﬁD2( ) ) i (DudsaCDyNt) (EpO'MVCﬁTG’)
(1,2) (NPCET,“) (DuNsC D uyg)
O]\_f}\[* D2 (07 0) S
B i (DyN,CDyusy) (Npawcma)
012 (0.0 (@,°CN,) (DpdsaCDAN:)
ddNND i (DudsaC Dy Ny) (0" CN, )
o2 .(0,0) (Nrin) (Dl D)
IINND i (D,JSZDVNt) (NTU””ZPZ-)
012 (0.0) (e,CN,) (DyuesCD*Ny)
ceNND i (DyesCD,Ny) (EPU“VCNT)
012 0.0 EE] H(DuN.CDyNy) (Ko CN,)
N2N2D Y o, G1E] (NpC'NT) (D,NsCD"Ny)

Class Frp?¢D?: 2 types

. J o _
OWRZNHD2 (07 0) ¢ (T]>k EZkDuDVHjWéM)\ (Nral»\lpi)

O ppurrp2(0.0) i€ Br#s D, Dy Hy (N0 1y

Class YT ¢p>D3: 2 types

Onutzps(0,0)|ie; HY DD, H' (€,4" DN, )

,H,D,D,H (N,~*D*N,
00D i ps(0,0) T A
iD, H;D*H'" (N, D" N,
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(4.96)
(4.97)
(4.98)

(4.99)

(4.100)

(4.101)

(4.102)

(4.103)

(4.104)

(4.105)

(4.106)

(4.107)

(4.108)

(4.109)

(4.110)

(4.111)



Class Fii*: 8 types

(AA>beJGLW (Noauns ) (dpto1,:)
i (M) 9G (1, Cany) (0 CN)
i()\A)ge”GfW( Boaus) (Noo 1)

1€qce ()\A> Gf,“, (N Cu® )( aghv ' d,b

icace (M) Gt (4,20 ) (d,%0,,CN
| iease (M) GAW( 0w ) (00, CN
15 i€ ace (AA)QGf,“, (N.cue) (4201 Cd,?)
G (d,°Cuic) (4,20, CN)
G (4,0 0ne) (d,°0,,CN)

\/\ /\_/

G

(1~3)
o 1IN (070) 7 (7_1

)

)

ejkWI{W (N qmj) (dan“”l )

WyLdlNg ' N
i)

31 WL (1iCyag) (%0, C N, )
) () (R
(! )k W (Nil ) (,0"1:)
i(r! );eﬂ‘kwﬁ'w (2.CNY) (riCorly)
Vi (7)), @ Wi (Nilss) (@p0#7153)

i€’ By (Nogias) (dp20""1,:)

i€’ BLM (IriCrag) (dp 0 CNs )

i€ By (4 guas gN Hl,y)

Y [12l) i€abe Bryw NsCutC§ dyohvCd,")

(1~3)
OWLEZZN (07 O)

(1~3)
OB leq(O 0)

O ona 1=V |Y ] ieane B (4,20 (4,20, CN.)
Y [#l] iewe B (d:°C°) (@0, CN,)
1) Y [o1s]] i€ Bryw (Nl )(epa“ 1i)
Opy a2 (00| Y [ i€ B,y (8,0 ) (1:Cot i)
y {I} zeJBL,“, (Nt ) (€patlyi)

Op, 54(0,—4)|Y } iBLM (N,CN) (Npou CN)

Class I12%¢: 4 types

Oy s (0,0) |9 H; G, Gt (N )
I (%1

o2 (0,0) z ‘ B
i (75, TR H W W (N0

Wip2INH
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(4.112)

(4.113)

(4.114)

(4.115)

(4.116)

(4.117)

(4.118)

(4.119)

(4.120)

(4.121)



(), B (V)

O (0:0) 3t B (R (1.122)
Oy 2w sr(0,0) |9 H; Bru, But” (Noly:) (4.123)
Class Frpt2: 27 types
12 Vel i (M) eeeiGR L, (dseC Ny (gpaiCot gy
%ﬁ””ﬁﬂéJMMQQwﬁﬁﬁdﬁ s
Oy vga(0,0) ‘ (x ) i (150N (007 gy (4.125)
Oc, Nngs(0;0) ‘ (M), Gt (@'N,) (N0 gras) (4.126)
Ocyaena(0,0) i (A ) G4, (dyCNy) (,0"7 C1, ) (4.127)
Oy wnan(0,0) i (A ) Gl (NsCuy) (Npo C,?) (4.128)
A i = e (N

Oldant-10] e e ) 1
Oty dena(0,0)]i '(AA)beW (esCup) (20" CN,) (4.130)
Oaasin(0.0)]i (M)’ G (dCNy) (4,704 CON, ) (4.131)
OGringu(0,0) |7 (AA) Gt (@) (N0 1) (4.132)
Owangz(1,1) ‘y ] @ (H)Zeab%jkwgw (dscC'Ny) (Gpai Co™ gra) (4.133)
O inga(0,0)]i (7! )J Wi o (I Ny) (@207 ) (4.134)
O, 5xvga(0.0)]i (! )Z Wi (@ Ns) (N0 grai (4.135)
O, ang (—1 )\y [.] ieabeck (T f) Wi (aiCg?) (4,0 CN,) (4.136)
Ow1vqu (0, ( ) Wi v (7% uta (Nra“ lpz) (4.137)
Oy (0,0)[i ( ) Wi (L9 N:) (N1 4138

( )

Oprangz (1,1 ‘y[ | ieeetd By, (dseC'N:) (Gpai Co?™ o) (4.139)
Op, inga(0; 0)‘lBL/~LV (ls Nt) (@™ Gpai) ( )
Oy Nag(0,0) |iBL @ N,) (N0 gras) (4.141)
Opydena(0,0) ‘iBL,W (dsa CNy) (po*” Cup®) ( )
Op, NNau(0,0) ‘iBLuu (NsCutq) (NPU’“’CH,.“) ( )
( )

Op, ang(—1,-1) ‘y [5T21) P€abe€ij BLuw (ﬁgiC@fj) (EP“U“VCNT)
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Op,dea(0.0)|iBryy (sCusa) (40" CN,) (4.145)
OBLJdNN (0,0) ‘Z'BL/W (dsaCNy) (Epaglwcﬁr) (4.146)
OBLquu(O’ 0) ‘iBL;u/ @?ium) (Wro'uylpi) (4147)
OBLlfNN(O7O)‘iBLuV (ZSiNt) (NrU“”lpi) (4.148)
Opyeerin(0,0)[iBLy (esONy) (2,0 CN, ) (4.149)
Op, n2n2(0,0) ‘y [> } iBruy (NsCNy) (NpUWCNr) (4.150)
Class Fy22¢: 4 types
Og 2wt (0,0)| ey HT G G (1,7 Ny ) (4.151)
m k . — .
O it (0.0) e (1) " (7)), HYWL Wi (1,7 N (4.152)
k . _
Op wiinmt(0,0) (€ (7'[)2, By, HYWiEHY (ZPJNT) (4.153)
Op, 2ingt(0,0) € Bru H ' BL" (ijNr) (4.154)
Class Y3 ¢pD: 16 types
Yy _ ie?bee’k DR HTI (QpaiCQTbj) (QSckC’V;LNt)
O (1, 1)|Y B i€ H Y (0iCrNe) (i C D" ) -
Y [l i€**€® DF HT (gpaiCgrtj) (4sek CruVe) '
Yy ieabceikDuHTj (Qpaic%“bj) (QSckC’VMNt)
(1~3) Z.D#H“ (équai) (ﬁsa’YuNt)
Oenganip(0:0) iHY (€7, Ny) (D% Grai) (4.156)

iDrHT (épCﬂsa) (QTaiC7uNt)

(13) ifijDHHj (NPQTG’Z> (ESG’YMNt)

ONngurp00)ic H (Np’YyNt) (D"t Grai) (4.157)
i€’ DM Hj (N Cs®) (g7aiCyuN)

i€ DFH (EP“CNT) (¢5aiCyuer)
OC(ZLNV?HD(QO) i€ H; (Ep“fyuet) (NTDMQW; (4.158)
i€ DM H; (Nr’)/uet) (dpQQSaig
iDHHT (@,°CN,) (gs0iCuNy)
Ot i (0,0) |t (@™ Ne) (N D¥goas (4.159)
iD!HT (N, Ny ) (dp“qsai;
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e Dt Hy, (N i) (07750
i€’ D Hy, (N i) (50
ZEZka ( DMQSa ) <Qt 7# Pt
ZfZ]Hk (N Dr q$a3> (Qt 'Yu DL
ZflkD'qu (lpoQSaj) ( r’)/,ucqlfj
i€’ D Hy, (IiCsas) (N7, Ci*
icae D" H; (d,°CN,) (152, C5
(1~3) _ 4
OJ]\_/@HD(_L_D i€qpcH (N CD*u, ) dp* v, Cqg’
icare DP H; (4,°C,? ) (N, C5
i€’ DFHj (Nl ) (15%,0t10)
1~3 _
Ol(Nuu)HD(O 0) lE”H (lpzcﬂy;iuta) (NTCD“HSG)
ze”D”Hj (s pi) (Nrfyuum>
s Y [ol] f€apceij HT (ErbCDMNS) (Epawcﬁfj
ngjvqmp(_lv —1) Y a7 ieabceijD“H“ (HPQCWS) (Erb’yMchj
N [} ieabceijD“HTi (EPGCEJ’) ( S")/HCHC])
ieijD“H- (E i (studm
(1~3) _
Oavip(0:0)|ie H; (dp Yulia ) (D*N sl
i€’ DA H; (dy*CN ) (IniCpudra)
iDrHT (8 Ui Ns’)’uuta
1~3 _
OEllNu)HTD(O O) ZHJ” (d Tulta D'uNslm'
iDH T (EP“CNS (1riCutiza)

i€ DIH, (1iClyy) (N9 Cl7 )
i€t Hy, (D“NSZM) (th%lpi
i€k DI, (Nslpi) (th’yulrj
[a] i€t D# Hy, (1 Cly;) (Nswcztj)
[ars] i€ Hy (D# Nl ) (1l
[pr]) i€ D Hj, (N lpz) (th’)/ulrj
i€’ DFHj (eylyi) (N syuer
(’)éi;é'}{D(O,O) il Hy (epyuer) (D“Nslm;
ieijD“Hj (EPCNS> (lriCyuet)
iDHHT (€,l,;) (Ns%Nt
OS;?\;HTD(O 0)|iEt (e, Ny) (D'uNslri;
iDPHT (epCNS) (1:iCyuNy)

\_/\_/
/—\

(1~6)
OquqHD (0 0

~—

(1~6)
OZ2ZNHD(O’ 0)

y
y
y
y
y
Y
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(4.160)

(4.161)

(4.162)

(4.163)

(4.164)

(4.165)

(4.166)

(4.167)

(4.168)



Y

(1~3)
Ovenmp(0,0)|y

ie'l DA H; (Nl ) (Nl
i€’ Hj (N,C DN, ) (IiCu Vo)

Y [z i€’ D#Hj (Nl ) (NN
ie; HT' (N, CD#N, ) (NpyuClid)

2 iei; (N,CN,. ) DRH'Y (N 7,07 )

Class Fi ¢>D: 6 types

e (+D) HVD, HIWIR (7
Owyenmizp(0,0) i€k (7' )Z H"'D, HVUW{E, (€,7" N;)

N Py
O, enm2p(0,0) i (7‘ )kej H;D,H;W{*, (Np’y”er)

(1! ) TIwie (N AV
OI(/iI/VQJ)V/NHHTD(()?O) ' (T >j HiDy WL (va NT)
L

, P —
i(r!) HYDLHWLE, (N ;)
Op, enmr2p(0,0)|ie; HY BLR, D, HY (8,4" N,)
Opyenirzp(0,0) i HiBu, Dy H (Nyye, )
iH;By", D, H' ENWVNT%

iH'By*,D,H; (N

o' (0,0)
Ny’ N,

BLNNHH'D

Class ?¢>D?: 1 type

¢*H;D, H,D*H' (N1,
¢ H; D, Hy D"H™* (N, 1,
OfZ%N}?gHTD2(O7O) 6ikI_ﬁjD;J{]'D'uf‘fk erm-
ie*H; D, H,D, H (N, "V
ieinjDquDuHTk Nraf“’lpi
ie* HYI D, H; D, Hy, (N, 0"V 1y

Class 1*¢%: 6 types

o'L?  (0,0)

Eikéijka Eerpi) (ﬁt“qsaj)
INquH?

ekeim |, H, W,cw) (1piC'saj)

Led ij tk (N N (d.a] .
Ol 0.0] 81 () (3
e*HLH (dy*CNs) (1:iCtay)

(lriCQmj)

¢ Hy H* (3,9CN,

fikaHTj qutaj; Edpalri

OEZ;]%)&HHT (=1,-1)

~ 99 —

Y [z €ave HH (d,2CN, ) (d,°Cur)
V2] eaveHiHY (4,204, ) (NoCurc)

(4.169)

(4.170)

(4.171)

(4.172)

(4.173)

(4.174)
(4.175)

(4.176)

(4.177)

(4.178)

(4.179)

(4.180)



V|| ek H HY (@)l,) gNtlsj;
(1~4) UHLH (€)15) (Nils;
0L 1 (0.0) 1) € o @plri) (Nilsy (4.181)
37[] WHRHY (eplyi) (Nilsj
y[] EinkHT (eplri) Ntlsj
(1,2) Y [,} €*el™ Hy Hy, (Nslpl) (Ntlrj)
Opz242(0,0) . SR (4.182)
Y [ o121 €€ Hi Hyy (NCNY) (1iCl)
Oyt (0, -4)| ¥ [F| HH' (N, CN,) (NL.CN,) (4.183)
Class Fi%¢3: 2 types
1V kngr vivirl (N v
1,2 1\ T eHHkHWVNra“lZ
OI(/VLZ)NHzHT(O 0) ( )? ! . L ( p> (4.184)
i(71) ety H HYIWE,, (Nootl,,)
Oyt (0,0) |ie™ Hy Hy By, HY (Noot 71, ) (4.185)
Class ¥?12¢2: 14 types
1,2 Y || ee* Hi, HTI (dseCNt) (4paiCrvs)
O gyt (1,1) B e etk 1t t) \pait drbj (4.186)
y [] HkH (dscCNt) (aniCQTbj)

Ongamt»(1,1) \y H eabe (T 1T (N, Cuge) (qpaiCarns) (4.187)

1,2 H;H' Zsj]\] Ur " Qpai
OlquiiHHT(O’O) ' T'(i t (f a ) (4.188)
HjH J (ls Nt (uT Qpai)
Ogrrt» (0.0) e HIH (17 N,) (3610 (4.189)
Oengqrr2(0,0) | exm HIUH (€pg7ai) (77 N) (4.190)
ot 0.0 BH" (Notrai) (a7 N:)
NNqgHHT\" ti i (4.191)
HjH (NpQTai) (Qt Ns)

Ogenarri (0,0)| HiHT (d:aCNy) (£,C, ) ( )
Oy Naur (0, 0)‘H’iHTi (NsCuya) (NpCﬁra) ( )
Oganneat(0,0) ‘HiHTi (dsaCNy) (Ep“CWr) (4.194)
Opnzp2(0,4) |V [513, 5121 €*e/™ Hy Hyy (NSCN) (i Clyj) (4.195)
O 11120, 0) e HIHE (Z1,2) (I Ny ) (4.196)

(1,2) H;HT (er z) (Zstt
OZZNNHHf (0,0) HjH“ (er;) <i3iNt (4.197)
Ogennirnt (0,0) | HiH (e,CNy) (2,CN, ) (4.198)
Onene gt (0,0)| Y [, 6] HiH (NCNy) (N,CN,) (4.199)
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Class YT ¢*D: 2 types

Oenmmtsp(0,0 ‘z‘eij-HTiHTjDuHTm (@70 Ny)
Oxnuzrtzp(0, 0)‘1HH i DK T (Np%N>

Class ¥?¢°: 1 type

Oy 120, 0) | €7 Hy Hy Hp HY HTF (N, )

4.5 Lists of the dim-9 operators

4.5.1 Classes involving two-fermions

Class F1,?10?D?: 3 types

Y [ G2, GV (DHNPCD“NT)

o2 (0,-2) 7 _
Y [z iG{ Gl (DANo# CD, N, )

G 2N2D2

Y [e] WEAWI (D, N,CD N, )

(12)
6) (0, —2) P _
Y [ iWA WL, (D ANPUWCDPNT)

W 2N2D2

Y [er] BroaBu”? (DMW,,CD“NT)

o, ,(0,-2) Ve B
y[] ,L.BL,LLI/BL)\p (D)\NpO—MVCDpNT.)

Br2N2D?2

Class F,Fry?D?: 3 types

O, grn2p2(0,—2) ‘y [z Gﬁ‘“AGA”A (W,,CDHDVNT)

(I)WLVVRNQD2 0 _2 ‘y WIVA (N CD D N)
Op, pn2p2(0 ‘y I] Br* /\BRV)\ (N CD,D,N. )

Class F1,>¢2D?: 3 types

Ogy2n2p2(0,2) |V [ G oAGY (D N,CD N, )
Owy2n2p2(0,2)| Y [5m) WE WL (D,N,CD*N,.)
Op,2n2p2(0,2) |V [ BLyaBL" (D, N,C D" N,)

Class FL@M}T(Z)D3: 4 types

(%) (0,2) ‘ (TI); é*D, D, H;W{¥ (lpiC’YADMNT)

05 :
WLINHD3 ‘
L i (1), @ DD H WL (1 C DAN,)

(1,2) 0.-2) i€k (TI)],€ W{v\D,D, HT (Np'y’\C’D“ZTJ’)
i€k (Tl)z' WvAD,D,H' (pry“CDﬂrj)

Wi INHtD3
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(4.200)
(4.201)

(4.202)

(4.203)

(4.204)

(4.205)

(4.206)
(4.207)
(4.208)

(4.209)
(4.210)
(4.211)

(4.212)

(4.213)



i€ By \D, D, H, (lpoyAD“NT)
i€ BLY* D, Dy Hj (I, Cy* DN,
i€ijBLY \D, D, HT" (Nyy*C DHI,J
i€ij BLY* D, Dy, HT' (Nyy*C D1,

(1,2)
OBLZNHD3 (0,2)

(1,2)
OBLZNHTD3 (0,-2)

Class 1?¢2D*: 2 types
O,xptzps (0, —2) ‘ieijD,u,DuHHD/\D#HU (Epa”)‘CNT)
Y [#l] iDuDy H:DsD#HT* (N0 *CN, )
(1~3) S ,
Oxortrripe (0 =2) |V 73] (NI,CNT) D,.D, H;DFDVHTi
Y [z iDy H; DAD*H' (Nyo**C D, N, )

Class F139?: 5 types

002 o | [E 1P CRuGE G, (Nyr O, )
GLENZ ABC N.CN GA GBu GCV)\
Vel f P r ) G pu G AGT,
o2 (o oY [E] B Gia G (RO,
BLGL2N2\™ y iBLﬂyGéHAGéAP NPUVPCNT
Oy (0, 2) [V ] 15 (Wy O, ) Wi W
(12) Y |E| iBru, Wi, Wik (N,oc*CN,
OBLWL2N2 (07 _2) . I N [~ _
V|2 By, Wit Wi, (N,o"?CN,

Op,s52(0,—2) ‘y {] iBLxpBLuw BL* (WPUAPCNT>

Class Fi,>¢2: 2 types
O 3n2(0,2)|V [zl fAPC (N,ONy) G GEFAGE™
Owyan2(0,2) |V [0 €75 (N,CNy) W, Wi B A WA
Class Fi,2yt¢D: 8 types
Oc, 2nirp(0,2)]i€9 D H; G, G (1, Cy# N,
Ogy 2wt (0, =2)|i€i; GG D, BT (N ClL )
( ) Z'eijDquWLIV)\WI_{V)‘ (lpiC"}/‘uNr)
1~3 i .
Ow,2ivup(0,2)]4 (TK)k el TK Ik HWE WA (DL, CyY Ny
i (7X) KD, HWE AWM (1,077 N, )
m k . — .
. ()7 () Pt (i
(O N 0,-2 m k.. — -
wi2ivip(0—2) i€ (Tl)j (Tj)z HIWL, WA (DNNP,YVCZT])
m k . S _
(7)) (7). DuHTWE W (N CL, 3 )

)
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(4.215)

(4.216)

(4.217)

(4.218)

(4.219)
(4.220)
(4.221)

(4.222)

(4.223)
(4.224)

(4.225)
(4.226)
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%
7.[

i ( ) €78 BL,x D Hy WY (1,,CH# N,)
(1~3) .
Opwiiven(0,2)]; (rf) " Hj BLyasW{ M (DpulpiCy” Ny)

L) €% Br,,\D, H;WEM (1,,Cy¥ N,.)

S

(7

k
ieji (71 )k BLaD HUWI (Nl )
Tlicg (71 BuoaHM WM (DN, 019
ieji (7)) BuaD HY WM (N7l )
Op,2inap(0,2) ‘ifijBLu/\BLy)\Dqu (lpiCy*Ny.)
Op,2ivmin(0,—2) ‘ i€ijBLyaBL" D, H! (Np’y“(ﬁrj)

(1~3)

BLWLZNHTD(O

Class Fr?¢?>D?: 4 types

(1~3)
WLeNHT2D2 Zejk

k

A

Ejk
Y

y

(1~7)
OW N2HH' D2 (0,-2)|Y

TI)kHTZD HYIW i (e,CD,N,)

/N

.HE 1
i |

/)

.HH 1
i |

7_]

.HE 1
i |

H; D, HYW{w (N,CD,N,)

(),
(! ) HYI D, H;W{w (N,CD,N,)

< <
g E

ies Byt D, HI D, HTT (2,0’ CN, )
(0, —2)|€s B D HY D, HY (e,CN,)
ieiy H1 BL\» D, HYY (2,0 CD,N, )
e, H' Bt D, H' (2,CD,N, )

(1~4)
BreNHt2D?2

Y |E| iBy,D, H;DFHTi nga’”‘CNT;
Y |2l iBLy* D, H; D, H' (N,o**CN,
OSSJVZ)ZHHTDz(O, —2) Y Hi.BLMVDVHH NPCDMNri

Y |E| H' B D, H; (N,CD,N,
51 BLM D, H; (Npcm) D, H
o] iH; Bu\P D, HTi nga’\”CDHNT

ER] FE] 3R]

Y
y
y

e iH By \# Dy H; (N0 CD, N,
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ze]k (7’1>k H“D"H“WL,,A (e o’ C'N. )
(v1), H'D,HYIW]\# (2,0*CD,N, )

i(r! ) D, H; D' HY W\ (N,0"*CN, )
(7 ) D, H; D, HYW{ \# (N,0*CN, )

}(Tf D, H; (N,CN,) D, HUW{n
Yl i (7 f) H,D, HIW{ * (N,0**CD,N, )

y[}i<7'1) HY D, H;W{ \» ( pa)‘”CDuWT)

(4.229)

(4.230)

(4.231)
(4.232)

(4.233)

(4.234)

(4.235)
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Class Fi,FR%Y?: 6 types

OGL GRQN2

Oprarcn ~2(0

\y[ dABCGLWGRA,)GCAP( JWCN)
—~2)|¥ [] iBra,Gilun GAY (N O,

O w0, =2)|V [E] iBray Wi W (Npot? O,

Op,.ar2nz (0,
O wrz2n2(0

Op, Br2N2 (0,

Class Fry?¢?D?: 4 types

(1,2)
OWREJ\_/HTzDQ(O’ -2)

1,2
O](BRE)]\_THTQDQ (0,-2)

(1~4)
OWRN2HHTD2 (0,-2)

(1~4)
OBR]\_IQHHTDQ (0,-2)

Class v 3 D3: 1 type

(1~10)

INH2HTD3

~2)|¥ [E] iBrunGitr, G (Nypot O, )

‘y[ }ZBLWWRA,)W[{AP (N o CON )
~2)|V [E] iBuyw BroyBr* (N0 CN, )

(1) 010,08 ()
i€k (TI) D, HY D, HIW \» (e o CN)

¢ Br” Dy HI'D, H' (2,CN, )

ie;; HT'Br#*\D,, D, H'I (Epa”CWT)

Y H ’ (TI); H,WEH\D, D, H' (nguxcﬁr)
i O e R
y
y

Ji(+ )J D, H; D, HUIWh (N0 CN, )

—
EE]

7] (7’1); D, H; <N;DCN7*> DVHTjWé;w

—
]

<

iH; Bp*\D,D,H'" (Npo"*CN,
iH""Br#\D,DyH; (Npo"*CN,
iBrA*D,H; D, H" (Npo*"CN,
7] B D H; (N,C'N,) D, H'!

< <
k] GE] R

<
3}

i€'* H;Hy D, Dy, HJ (1,,;Cy" D*N,.)

¢*H; D, HyD,H" e "? (1,,C~,D\N,)
¢ H;D, H,D,Hke*? (1,,C~,D\N,)
ie’® H; D, H, D, HJ (I,,,Cy" D" N,)

ie’* H; D, H, D, D* H'7 (1,,,Cy” N,.)

(0.2) ie" H; D, Hy,D, D*H'* (1,,,Cy" N,)
ieikHjHTjDuDVHk (l,;Cy"DHN,)
i€ H;jH™"D,, D, Hy, (1,;Cy" D*N,.)
i€* H;D,, D, H D*H'J (1,,,Cy" N, )
i€ H; D, D, H,D*H'* (1,,C+" N, )
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Class Fy,Fryt¢D: 5 types

(1 2) ieinjGéuyGéyA (lpiC’y)‘DuNT
OGLGRINHD(O 2) . g5 A A A

i€/ Dy H; G, G\ (1O N,

I

~

T

i (7’1); (T‘]); ekajWIf“,,WR]”,\ (lm-C"y’\D#NT)

; ( )m (TJ); ek H Wi, WiV, (lpl-C’y/\DuNr>

(1)) (77), @ DuH W Wi (1:C )

i(ﬂ)i (7“]>] m D, H; Wik, Wilv (z .C AN)
m & L' v piL Y LV

i(rl);eJkH B sWit, (1;C7 D, N, )

i(r! )k eI Br¥ \Du H; Wit (1,,Cy N, )

1~4
O‘(/VLW;RZNHD(O? 2)

7

1,2
O(BR‘BVLINHD (0’ 2)

k . S _ .
(1.2) (0, —2)| 77" (v1). HBr AWk, (N CD,LY)
BrWLINHID ie; ( f) Br¥\D, HTWir (W AT,
ik (7). BRAD,, Ly (N Cl,
iﬁinjBL‘LLl,BRV)\ (lpiC’YADMNr

O heanip(0:2)|
BLBRINHD i€ BLt, Br¥\D, H; (lpiC’y)‘Nr

Class Fi,?10?¢?: 6 types
Og, 2521 (0, —2) ‘y o] HiHT? (NPCNT) G, G

Ow, 2en e (0,-2)

i€km (H)Z” (Tj>f HYHUWL Wk, (EPUVA0NT>
Y [z Hi B (N,CN, ) W Wi

o2 (o _9) |
Y [} ¢ (TK>j EIJKH@'HUW]{NVW];]“/\ (Npo"’)‘CW7">

WL2N2HHT

(1,2) €k (rf)f By HT HW v (@pcm)

= 0,—2
BLWLeNHT2( ) iezn (Tl)f BLMVH“HHWI{”)\ (épUy)‘CNT>
OS;%LN2HHT (0,-2) Y [] ‘ (T]); H"BLWHT%VVI{HA(NPUVACNJ
Y [l (1), HiBuw H'Y (N,ON,) Wb
Op,2n2pmi (0 ‘3} | H; By, H' By #v (N N )

Class Fi,>¢2¢%: 5 types

OGL2N2HHT ‘y _[7[_[—_[1Lz (N CN, )GLMVGA#V
Ow2n2gmt (0 ‘y (o) HiHT? (N,ON,) Wi ., Wity

OBLWLeNH2 (0, 2)‘ (T )k eijiHjBLuV (epCN ) WI’“/
OBLWLN2HHT (0,2) ‘y 1] (T[)j HiBLWHU (NPCN ) WIW

OBLQNQHHT (07 2) ‘y [] HiBLuVHTiBL'uV (NpCNT)
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(4.251)

(4.252)

(4.253)
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(4.257)
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(4.260)
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Class FrpT¢3D: 4 types

J

i(71)) M Hy Hy D, HYWER, (1,037 Ny
n
1
ou) 0.2 (), " H H Dy HIWEF, (1iC5 Ny)
27 9 ;
WA (7)) b H HY D HW R, (1,,C Ny
n
i (1) e H YD, W, (1;,Cy7Ny)
n
' (TI)Z e H; H Dy Hy Wity (1piCyY Nr)
n
iern (1) HHUD, HFWIH, (N CLY)
(1~5) (0. -2) 1€kn (TI)%HHMD HTF Wk, (7p,71/02rm)
WLINHHT2D Y™ 1€mn <Tl)n7 HHTJD HTZW]_{“V (71)’}/1/027‘”1)
1€kn <7-I)¢LHTJHT/€D HW ( p,yuczrz)
iewn (7). HUHWD, HW", (N5 CL,™)
ie'® H;HyB1*, D, H (1,,Cy" N,)
1~3 . .
OSBLU\ZH2HTD(O72) ZE[L.I?H]‘HT’]BL“VD'U,H]C (l,iC~" Ny)
i€ H; H'* B, D, Hy, (1,;Cy” Ny)
(1~3) i€ HiH 1 Bl Dy HIE (N (7177”07 m)
OBLl_NHHTQD(O’_Q) 1€, H; HTJBLH D HTk( pny(jl )

ickm T H T B, Dy H; (Nyy” €L

Class *¢*D?: 2 types

(1~4)
OENH Ht3D2

1~6
Ofsresiape (0

Class FL¢2¢4: 3 types

OWLeNHHT3 O 2 ‘Zemn

Ow, w2p2 g2 (0, =2 ‘y [ i(T ) HH;H"HI™W{,,, (NPG“VC’NT)

T‘

C)BLNQHQHT2

(07 _2)

_2)

¢jmH;H D, H"D'HT™ (2,CN,
fij“H”DMHiD“HTm EepCNr
i€jmH; HV D, H" D, H™ (€,0""CN,
ieijTiHTjD H,D, H™ Ee U*“’CN,,;

| iH;H''D,H;D, HTJE LoHON,
iH;H'D,H,;D,H' (N,o""CN
wi) HiH; (N,,CWT) D, HiDHHTI
o) HHY D, H; (N,CN, ) DFHT
2] HHV D, H; (N,CN, ) D*H'
z] HY'H' D, H; (N,CN,) D*H,

(),

HTZHTkHTmWLMV (epgu CN )

~2)|¥ 2] iHiH;Brw Hi H (N0 CN,.)
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(4.266)
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(4.269)
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Class VT ¢®D: 1 type

€™ H; HyHy, H DFHT (1,0, N,)

(12
0 (O-2)1im b7 1, 5V Y DI, (1O, N, )

INH3Ht2D

Class 1?¢%: 1 type
Oepgspris (0, —2) |V [a1s] Hi Hy HyHUHIHTE (N,CN, )

4.5.2 Classes involving four-fermions

Class VY3t D3: 12 types

Y [ ieweeid (NpDuDygs; ) (araiCy” Dide)
Y [z ie®eid (NpDuDyn; ) (4raiCy” Dide)
i (NyCDuD, i) (D15 gras

i (Dys"Dygras) (N7 CDM)

Oc(;\iiq)zpzs(lv *1)

[+

(1,2)
Ol_NqﬂD3 0,-2)

i) i) e

i po-afy () (o)
o e )
U0 o v

042, 1o (0,-2) i[iffvﬁjvljﬁfi)) ((szvrﬁf;i)
et

[z i€ (€,D,,Dyls;) (1,iCv” D Ny)

Y
wmﬂ)y@wwwwwwmwmm

(1.2 Vg i (DuD N olyi) (Nyry"C DY)
Ouiizps (=2 Y [] i (DMHDVN;M) (qucpuzti)

(12) V2] i (eCDuD,N) (N Drey)
Cecrenr O (4,0, D L) (3,0
Onsnps(0,-2) |V [ i (N,C DD, N, ) (Noy” DHN; )
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(4.274)

(4.275)

(4.276)

(4.277)

(4.278)

(4.279)

(4.280)

(4.281)

(4.282)

(4.283)

(4.284)
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Class Fyra3tD: 26 types

Yy [ l ()\A> €e EJGL v ( p’Yth ) qr azCD,uq b])
Y rs] i ()\A>8 ebeee ]GL ( NpvyYdse ) ¢raiCDqshj)
y[]i(AA)EG“ G 1/( pds b;)( 1raiCYY die)
(I)(G}Nd%z/qQD(1 -1) M Eak: /\A)feb EJGL“V (Npq v ) (DpraiCyY dyc)
Y __ ? (/\A>b ﬁaceﬁijGéuu ( p’)/ydt ) (q azCD,uq b])
Y i ()\A>8€b eEijGﬁu ( p'}’ydt ) (q azCD,uq b])
N :: { ()\A)geaceeiiju (Npq b]) (D ;LQTazC’Y dic)
y i()\A 6b086”Gf“,, (Npq bg) (DutraiCy¥ dse)
) <)\A)Z Gf‘uu (Np’YVCZti) (D,uus anz')
O 802 (), G (T7C1) (1510
7 ()\A>g Gfﬂy (Npcus ) (lt Y DuQraz’)
i (M), 6t (109" drai ) (N,C D)
i()\A>;eJGA“ (d anyNt) (1iC D pqss;)
O o (0:2) |1 (M) @G, (@29 Ny ) (DlriCaeny)
Ocpiivgn(0:2) EEAAggGJGE ) (dp qsb]> (DulyiCH* N,
i ()\A)g TG, (1,C7" Ny) (" Dygsny)
2 [f] 1 (3): 6t (D) (Rt
(1~4) Y [E]i (M), G (DN ) (N O
(N () <,
I i (M) s (N, D) (W)
y[]z (/\A) Gfuu (D N. rQs az) ( I{Y”C@?) >
V[ i€ace (M) G (4297 N2 (@,°C D0
1] e (), G0, (2,293 (350D,
| iea ()\A>8Gfﬂy (@7 V) (D)
Ofotinan 1|9 [ seae (V1) G (2,98 (D)
el e (1, Gl (8,0270) (@D,
Y [l i€ae (M) Gy (429" N:) (d,°C D)
Y [ ieace (AA)zGL“y( dy*y" ;) (DydiCe)
Y [l iase (V)G9 (497N ) (Dydi 0T
i (3 G, (@ dn) (N.CD,m.2)
05D n(0,-2) i(AA)ZGé“V (ep7"dy) (DN, C,)
i (M) Gfn, (epC,®) (DN diy)
§(V), G, (Wrd) (6,0,
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(4.289)
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Y ()" 6 (%) (0,59

O -2 Y ] (), G () (D, (90
Y [l i (/\A);Gﬁ‘“u (Npy"uw) (N,CD,u,2) |
Yiadi (M) Gt (N un) (DuN-C,°)
=k ()\A);Gf“,, (N.CD,N.) (d*y"dn,)

Ofinep(©~2) P[] 1 (W), Gi (% CN.) (DN dn) (1.200)
Y [z (A yerrs (N,CD,N,) (dy2y"dny)
Visli (V)] 6, (a,°08,) (Do)
Vi (7), et Wik, (N dic) (6raiCDudi)

O (L —1)|V Il (1) e Wik, (Nyaa; ) (DuaraiCy”dic)

Wi,dNg2D , (4.295)

[ —1

)
1 (7‘ ); eabe IFWLR, ( pQs bj) (DugraiCy" dye)
I

< <

—

Z'(TI ;e 6jkWI“ (Np’}’ydtc) (20raiCDyuqsn;)
N

““

i (TI)] Wik, (D, s%Grai) (7])7”0[15 )

OS/N;\)IWD(O -2) i (TI)] Wi F, (U5 Dyudrai) ( 7" Cly ) (4.296)
) (TI)] WII"“V (N Cu ) (Zt "7 DuQrai) .
i(TI)] Wik, (NpCD Us ) (Zt V”qmi)

i(T[)];e]kWIf“ (d a’}’”Nt> (1riCDygsaj)
OI(/II/N;Z)NqD(O 2) i(71>k€JkWI{M <d GVVNO (DylriCsag) (4.297)
i(TI);ﬁjkWL l/( D QSag) (D Ly CVVNt)
i (T[)k EJkVVI{MV (1::Cy" Ny) (dp Duqsaﬂ)
y [:| 2 (7‘[) WLINV (NTD,uq a) ( prVCQt )

Oty wegqn (0 =2)|Y [ # (+1) Wity (DuNrtias) (N € (4.208)
Ve ]Z( ) Wik, (WTDuqsm) ( p ' Cq ) '
y ]Z (TI) WL v (D NrQsai) ( p'}’ycq )

Y [} i (7_1)]; GJkWIf“u (@7 Nt) (1.:CD,l;)

o), o (0,2)| ¥ [g] i (! kﬁjkWLj#V (Eplsg) (DulriCG7"Ne) (4.299)
Y []Z (7'1 K 6]kI/VL (ep'YVNt) (l lCD#lSJ)
Vil (71), WL (@) (D€ )
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2] (), win, (V.0 (10
)

y
ol (0,-2)|Y Wi, (Nolyi) (DN ClY)
Y

WLUN2D N - (4.300)
s Wik, (N,.CD,Ny) (1 Lpi
e () e (V0. .) (1)
i (71) Wik, (N (DNAvCly
Sisls () i, (50) (.50
Yy 7:fabceijBL'uu ENp’Ythc) (qT(IiCD/.Lqu])
(1nd) etbecii B (N qu i O ds
Branaep(d DY LE RV 1) (Dutrai ) (4.301)
y .. €€’ Bk, pryudtc) (QTaiCD,uQSbj)
[ ]Zeabc 7JJBL v Nstb]) (D,uQr‘ainVthc)
1B u( wUs QTaz) p’YVClt
(1~4) . BLP, rai) VOl
i Rgap (0, —2) 1B (0" Dt NoCly (4.302)
1Bty N, Cus lt i D,uQraz
1Bty CD,uus lt Y Grai
i€ Bp*, E l”C'Dqua])
1~4 et d
N (] e il (DulriCses) (4.303)
ZGZ]BL v dp QSa] D ZMC’Y Nt)
ZezJBL v lmC"YVNt d DuQsaj)
Y || iBr*, gNTD/LQSaii ng'VVCQ?i
(1~4) ]| i Br,*y (DN rqsai ) (Npyy? Cq
OBLNQqu(O —2) Y Z. - " g iﬁ qf / (4.304)
y[] ZBL'LLV NTD,LLQSai Np’)/ycq%u
y[] 1Bty (D NT‘]sai NpW"CQ‘”
y[] t€abe BL! dp YN, d CD/.LU'S
(1~4) Y [ t€ape By (dp2yY Ny D, d,bCu,c
O, #nap(—11) []> bk » (4.305)
y 1€apeBLY L dp VN ) (d, C’Duus
Yy i€qape BL! Y dp Y Nt Dudr Cu,©
iBL"y (€p7”dia) (N,CD,us"
1~4 ; N,Cu.°
OJ(B de)NuD(O 2) ZBL V( r? dta) D,uﬁrcus (4306)
iBLly (2,C5) (DN, dig
iBL! u( 7Y dm) (épC'DuﬂS“)
y iBr*, éNp*y”um ENTCD#usag
1~4 o]l iBy *, ( N~ N,Cu,’
Ot (0, =2)|Y [5] PPLS (Nt ) (DN C (4.307)
y[] 1Bty Np')/yuta NTCDuﬁsa
Ve iButy (Npy uta ) ( DuN,Cs®
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|| Bt (N,CD,N,) (dpafwdtag
(1~4) _oy |V | iBLH, d ®CNg) (DN, v diq
OB danap(0:=2) - ) ( h T (4.308)
y[] 1Brty N’I”CDMNS) (dpa’yudta
y [] 1Bty 8paCNs) (Duﬁrryydta
Y 1] i€ Bty (87" Ne) (1riC Dyl
1~d Y [ i€ BL*y (@pls) (DplriCy” Ny)
Ofrainp(0:2) [ 7 SN (4.309)
Y || i€ Brry, (€77 Ni) (1riC'Dylsj)
y E i€ Bl (€plsj) (DyulriCy” Ny)
Y [E] Bk, éN +CDLN) (1"l
(1~4) |V | iBL*y (Nslpi ) ( DuNA*Cly
Opiin2p(0:—2) l - 7p) (f T (4.310)
Yy [] 1Bty NT‘CD;,LNS> (ltWlei
N [] iBLty, Nslpi) (Duﬁrfyyczti
Yy 1Brty (épryyet) (WTCD}LNS)
(1~4) Y |l e Br,#* D,N,~"e
O rkap(0,-2)| Y 5] 15 o (5C) (7“ T (4.311)
Y [z=l] iBL* .y (€pyer) (NTCD“NS
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OGLJeNqH(Ov 2) ) ()‘A)b € H; Gfuu (esCNt) (a aUMVQrbi)

[ ] (AA) HT (N CNt) L/.Ll/ (d toh? Qsz)
()\A)g eZkaGLM, (qt ) ([piCo* qrag)
()‘A) inkGfuu (@E ) (lplco-u QTa])
Y [l i (AA) €€l H; Gty (A Cie) (NpoH” gras )
v ()\A) € el H; Gty (A Cre) (NpoH" grai )
i€jm ()\A> H“wa( ZC’q )( Npotv qmz)
1€km, ()\A) H“Gfﬂ ( qu )( Nyot” qmz>

( )8 amH“Géuy( sbcutc)( pU QTaz)
i (M) e HY G, (daCatre) (Npo™ rai )
i€ace ()\A>e H,GH,, (75N,) (apagwcurb)
icare (M) HiGflo @' N,) (00 C?)

Og, anzqmt(052)

1,2
O(GLL)quH(O 2)

(1,2)
OGLdQNqH(l’ _1)

(1,2)

GLINqgHt (O’ _2)

(1,2)
OGLquuHT (1’ _1)

(1,2)
OGLJNqﬁH(il’ 1)

OciNaur (0,2) |7
Ocyaivan (0, —2) |1

O, ivaumt (0, —2)

()\A) €19 H; Gy (NsCugy) (0,90 1)

()\A) HiGy (Lida) (Nyot Cu,?)
i€ ()\A) HYGH,, (l Jutb> (Npa’“’cma)

Y ] icaceess (AA) HYG (a7 Ns) (400 Cd,Y)
Y [l t€ace€ij (AA) H“Gf/w (6§ Ns) (Epagwcarb)

(1,2)
OGLJ2NqHT( 1,1)
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(4.370)

(4.371)

(4.372)

(4.373)

(4.374)
(4.375)

(4.376)

(4.377)

(4.378)

(4.379)

(4.380)

(4.381)

(4.382)
(4.383)

(4.384)

(4.385)



Og,dan (0,2)]i (/\A) ETH; Gy (dyCNy) (dyoV L)

)i (A )bHT Gl (NCup) (@204 71,

Og, aainmt (0, —2) i€ (AA) HYG, (17 da) (00" CN,)

O et (0,—2)|ies; (M) HIGHy (3 dsa) (ep0 N, )
Ocyaeqn(0:=2)|¥ [E] i (W) HiG{l o (@da) (N0 CN,)
Ocy w2quart (0, =2 ‘y [ el i€ ()\A) H'G{,, (g Jutb)< paf“’CWT)
O oqur (0.2) |V el i (7)) @ H; (NLON) Wy (570 )

OWLJeNqH(O’ 2)

i(TI);Eij (esCNy) Wi 10 (3 ot qy az)

OWLd_NQQHT (0 2) [] ( I) HT] (N CNt) WL#I/ (d U’“’q (n)

(1~3) ) " HyWi (@3 Ns) (1piCo™ Graj)
OWLquqH 0 2 (7-1) nHkWLMV (Q?JN ) (lpiCU‘uquj)
(TI> EjnHk?WL;w (‘thN ) (LiCoM™ Graj)

O e iqr (L — 1)‘3} Hz(ﬂ)k I H Wy (dClie) (Npo" rai)
I

(1~3) ik (T >nHT]WL‘“’ (l fCar! ) (NPJ“ ar ‘“)
OWLquqHT 0,-2) 1€kn (TI> Hi WLHV( kC’@W) ( Nyt q, m)
e () 0 L) (S

OWLquuHT ,—1) Z( (

Zeabc

(1,1 f)i Wy (daCute) (Npo™ o
Oy ngar(—1:1) ( I>j HiWi (qt s) (dp o Oy )
i (Tf); MWL (NyClugg) (0,0 1)

(7)) W (10) (Nt

OwyiNaur (0,2)

OWLdZNﬁH (O’ 72)

o ( I) YW, (Zsju,:a) (Wpaw’cma)
Ovyiowarrt (~1 )|V [l ey (1) HIWE o (357N, (d,000 0, )
O, aan e (0,2) ‘1 (TI),~C RH;WH 4 (dsa CNy) (8paa“l’lm')

i(r! )] HYIW 0, (NyCuga) (dyto 1)

OWLZN'LL’U,HT ( )
)Y

Ow, ainumt(0,2)

O, aain st (0, —2)

1€, (7’1)2C H“W{HV (thdsa> (Epaa“”CNr)
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ej"HkWLW (LN (lpiCatl,y)
LW (1) (liCo i)

Ow,eeanm(0,2) i (esCNy) Wi, (8,0 17)

J
Ow i 11(0:2) hﬂiTU HY (NJCNy) W (071,)

OWLZNNQH(()? 2) ‘y [] i (TI EJkH (N CNt) WLMV ( O"u lpl)
(3

Yl iewn (7)) HIWL o (15C1) (Nyotv1,)
Yl iekn (1) HUWL,, (LECT™) (N0,
¥ [ iesn (1) HOIW o (15C) (Wror1)

(1~3)
OWLZPNHT (0,-2)

[~ ]e]

€k (TI)fH“WIf#V (ﬁfjdsa) (épa‘“’CNT)
Ow, celN t (0,-2) |iej, (Tl>f H“WLM,, (thes) (@U‘“’CW&
O, anz2qn (0, ‘.’)} 1 (7’1) H,WE . (qt dsa) (WPUWC'NT)

O etz (0, —2 ‘y i(r ) H W, (e ) (Npo CN, )

OWLdéNqHT (07 _2)

Ow. v2gqurrt (0, —2 ‘y Z%( I)i HYWE L (@9 usa) (NPUWCWT)
Oy, ivent (0, =2) ‘y [} i€jk (T]>f HYWY (Zstt) (WPUWCWT>
OBLN?'qﬂH(Ov2)‘y [12] i€ Hj Bryy (NsCNy) (60" qpai)

Op, dengn(0,2) i€ H; B, (esC'Ny) <3pa0“”qrm’)

Oy inzqpt (0,2)| Y [E75]) iy H* (NGCNy) (dy 0" gra )

i€ Hy. By (@?st (lpiCo* grag)

i’ Hy By, (q?’stg (i Co™ ra)

Opygoran (1, =D)| [E] €€ H; By, (dCdie) (N0 grai

Z€ijLuVHTj ZsiCQ?m) (Npo' QTai)
ZfkrnBL;AVI{Ti Zskcqgm) (Npo'wj%"ai)

ifachL,uVHH (dsbcutc) (Npo'uyq“u)

1,2
O(BLlJ)quH(O 2)

(1,2)
OBLiquHT (0,-2)

OBLquuHT (L _1)
Op, angan (=1, 1) |i€abe Hi By (75 N;) (3,,“0””0@”)
Opyinaur (0,2)]i€ H; By (NoCua) ("0 1)

Op, divan (0, —2) ‘iHiBLuu (Ztidsa) (Wpa“”Cm“)
Oyt (0. =2) |i€i B HYY (I ura ) (Npo O
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(4.407)

(4.408)
(4.409)

(4.410)

(4.411)



O, @engnt (=1, 1) |V [ ieapeess B HY (@7 Ny) (@201 Cd,?) (4.429)
OBLJleH (O’ 2) ‘16 ]HjBL,uV (dsaCNt) (dpaguylri) (4.430)
Opyainumt(0,2) ‘iBLuuHTi (NsCutq) (ap“U“Vlm') (4.431)
Op, aginut (0, —2)‘i€ijBLuuH“ (thdsa) (%“U‘“’CWT) (4.432)
Yy i€*H, By, (17Ny) (L CotVl,.
O i (0:2) ] i< F B (1) Gy ) s) (4.433)
Y [ i€ Hy By (19 N:) (1piCo1,5)
Opyeenir(0,2) i€ H; B (e;CN:) (250" 11i) (4.434)
Opyanzi(0,2)| Y [512] i B HY (NSONy) (8,0 117) (4.435)
Opy e (0:2) |V [a16] i€ H By, (NSONy) (No0#1,) (4.436)
1,2 y i€im B, H (1,501 N,oc"],;
Ot (0,—2) | t]l R ¢ ! ") (Neo1y) (4.437)
Y it (i) (%)
OBLdé]\_/szT (07 _2) ‘ieijBLuVHJ[i (qgjdsa> (épachwr) (4.438)
OBLéeZNHT (07 _2) ‘ieijBLuVHTi (thes) (EpO'MVCNT) (4439)
Opyaneqn (0:=2) |V [B] iHi By (@8 dsa) (Npo CN,) (4.440)
Op,einzn (0, ‘y [ } iH; By (lt 65) (NpU‘“’CNT) (4.441)
O, n2quart (0, =2) |V [E] s Bruy B (q20u1a) (N0 CN, ) (4.442)
Opyinznat (0, ‘y { } i€ij BLu, H (l ]Nt) (Npo-/“/c’ﬁr) (4.443)
Class V391> D: 27 types
Yy [] i€%Ce ikaDHHTj NpQrai (ngjC'Yudtc)
Y [l i€ Hy D H™* ( Npgrai ) (dsb; Cypdic)
y[] ZeabcezkHUDqu NpQrai (QSbjC’}/udtc)
(1~10) y[] ,LeabceinTkDqu Npqrai (QSbjC’Y,udtc)
OquQHHfD(la —1) y [] jeabece ikaHTj (7p’}/,udtc) (QraiCDMQSbj) (4 444)
bY% abc zkaDHHTJ Npqml (QSbjC'Yudtc) ’
y _ abc UH DHHT 7pQ7’az (QSbjC’Yudtc)
y abc ZkHT]D'qu NpQraz (qesbjcf}’,udtc)
N __ ieabe ZjHTkDqu NpQraz (QSberYudtc)
y __ abc ZkaHJU (Np’}/udtc> (QTaiCDuQSbj)
y[] e T DrHTI NpQral (QSbjC’Y,uutc)
O(1~5) y[] jeabe [rT3 pi i NpQT@i (QSbjC’YuUtc)
N 1’ -1 abc i
Nezurrtzp Uy [ seabe grti prt (prutc) (graiC D" qap;) (4.445)
y ZeabCHTZDMHTJ Npqral (qsbjcfy,uutc)
y i H1I DT Np@lrai (QSbjC’Y,uutc)

~ 54 —



ieikeijkD“Hm (lpiCqraj) (Us yuNt)

Uk Hy, DF Hyy (1piCrag) (%7 Ny)
O 2 (0, 2) i€ eI™ Hy Hy, (1iC 7 Ny) (DP5%Gr0) (4.446)

ie®eI™ H, DM Hpp, (sl ) (@raj CypNy)

€ ek m [y D H (5% ) (¢rajCyuNt)
iH;DFHT (Npqrm) Uy, Cly
iH,; DrHTI (N ( pCIraz)
ZHJ”D“H ( p%az) (
iHV DPH; ( pQTal)
iH;H' (D5 ra; )
iH; HTI (DM qyg;)
iH; DFHT (N, C?
iH; DM HY (N, Ca,e
iH' DM H; (N C,®
iH'I DFH; (N Cu,0

|

saﬂ)/,uClt
sa'y,uClt

<

2|

sa’7u Clt
A Cl
Al

o1 (0, -2) %
lt Ynlrai
ly ’Y;ﬂ]mz
Iy ’YMQraz
)
)
)
)
)
)
)
)
)
)

INquHHTD

ETET
\g ~2

(4.447)

/_\

~— N — N —
/‘\/_\/‘\

1"y Grai
ie® H, DFH1I
i€ H, DHH1F
ie* HIIDrH, (d,01,
i€ HTk DEHy (dpl,
Ofinuntzrtp(0:2) it . prti )%y, N ) (110 DF e

i€l Hy HT* Edp “9uNt ) (1riC D" gsa;
ie* . DrHTI dyGsaj (lriCyuNy
i€ H, DFH (dyqsaj ) (1O Ny

QSa] C’YuNt
@50 O Nt

“lyi
Ul
saj OVt
qsaj C’YuNt

&.\ h@&\ él.\ @&“

(4.448)

iﬁikHTjDuH dp qsaj (lmC’Y,uNt

ZGZJHTkDMHk dp QSaj (lT‘ZC’y,uNt

i€ H ' DFHTE (EP“CNT) (ltm’yuqsai)

ie; HTIDHHTF (E,,“CWT) (Zti'VuCJsai)

i€pm HTPHTF (W D“Qm‘) (apawcztm (4.449)
ik HI DI HE (8,250 ) (N7, CT™

i€ H'I DU TE (dp qsm) (WMCZJ)

(1~5)
OdTNqHWD(O’ —2

~—

iekm HI'DIHF (2,CN, ) (3™ u501)

iej HTI DFHTE (epCN) GV Gsai)

iep HIHTS (N, D“qsm) & CT™ (4.450)
iekm HUU DM (€)0501) (N7, Cat )

iejiH DFH ™ (€y0001) (N7,

o) (0,-2)

eNqgH2D
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iH; H (N, Dgo0i) (N1 C”
zH»HTﬂ ( D“qsm) ( p”yﬂth
iH;DFHY (N (710qu) ( CT
iH;D*HY (N ) ( el
iHTiDMH; ( )( 7, CTY
(HV D*H, (Npqsm) ( ruCT
H;j (N,CN, ) DHT (Q?jquai)
iH; (N,CN,) D*H' (g3
(a7

(@

pQSaz

(1~10) B
ONQQQHHTD(O’ 2) p4sai

EEnaE)Enlaa) )

=
E
=L

—

t f}/,uQSm
Z]{JrZ (N CN DMH ,uQsai)
iH1 (N CN. )DMH q3 ’Y,uQSaz)

LS

—

T

<

(1,2)
OJNa2H2D(_

—
—_
~—

)

<

} i€qpe€’ H; DHFH; (dpaCUrb) (s yuNe)
Y o] eane Hi H T (@25, Ny ) (dn2C D¢
Y [l i€ape H; DF H (d,2Cs¢) (dy 07y, Ny
Y 5] i€ H'D*H; (d dy* Cug© % E

Y
u
i1H; D“HTZ epCN, ) (Us®yudia)
iHY DM H, gepCNrg (Us*yudia)
iH HY (€,7,dta) (W,CD“HSG

iH; DPHT (8,Cs)
iH"'D*H; (2,Cs)

(1~5)
OJ?N@HHTD(_L 1

~—

dy ’YuNt
ieape H; DM HT (d p“Cdrb (Ts“y, INy)
zeabcH“D“H, d,2Cd,") (

Us ,‘Y,LLNt

(1~5)

deNuHH'D (0, -2

~—

7r T da
r’)/u dta

’ieinTZDMHT] (éch ) (ﬂsa’yﬂuta)
zeUHT DHrHTI (epCus® )( r /ﬂf«ta)

(1,2)
éNauHTQD(O’ -2)

] i H; (WPCNT> DFHT (,%y,u4)
[ iH1 (NpCN, ) DFH; (1%, 010)

o2 0, -2)” [z i€ .0 H; (NyCa®) (Nyyuda)
Y [z i€’ Hy (NyCN, ) DIH, (165" yudra)
VB it (N ) (N.C DR
(15) Y |l iH; DFH' (N,Cus®) (Nryutia
N2auHHTD(0’ ~2) y iHY"DrH; (N pCUs ) (N, U
Yy
Yy

O 10 [ 01 (35) (5,)

(1,2)
OJdéNHT2D(0’ o

%Z HTipe T EpaCé’l‘) (sty“dta)
ZeinJ”D“HT] Epacﬁs) (érfyﬂdm)
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[ i€apec’? H D H; (d,2C" ) (,69,N0)

(4.451)

(4.452)

(4.453)

(4.454)

(4.455)

(4.456)

(4.457)

(4.458)

(4.459)



(1~5)
OJdN?HHTD(O’

(1,2)
OJNQuHTQD

1~10
Ot n(0,2)

(1~5)
OZQNNHQD(O’ 2)

(1~5)
Oéll‘NHT2D(O’ —2

_2)

iH;D*HT (dy*CN, sYudta
iH'"DMH; Ed CN, E Nsvudia
iHHY (dy0 i) (N,CDPN,
s iH; D*HT (d,°CN, ) (N syudya
g gNs’Yudta;

) iH DHH; (d,*C'N,
} zeinTiD“HTj (8 *C'N ) ( s’V;ﬂ%a)

[15] [e5] [=15]

o)

N%
N
N
N
N%
Pl
y

i€’ Hy, DFHI (€l

i€l Hy, DFHE (1,4
ie’* HY DI, (€ pzm
ie* H, H1I (€pYuVt) (1CDH;

i’ Hy D' H' (@plyi) (L5 CpuNe)
Jie' H, D' H* (€pl14) (1sjCyNt)
|3’ H1I DE Hy (€plri) (15jCyuNy)
] ) )
I

—_— = =

. . . . .
BB M N ER R ER ER ER
HHHH‘ . . \ . .

i€ HTR DI Hy, (200:) (15 C Ny

€ H, H9 (2,7,N;) (1iC DPl;)
i€ el Hy, D# iy (N9, N: ) (i Cly)
i€ Hy Hyp, (LpiCyuNe) (DM Nl )
ie* ™ Hy, D Hyp, (N li) (1 C V)
o] i€ I H D Hy (N3 Ne) (1iCl)
[1z] etk 8™ Hy DH H,, Estpi) (1y;CuNy)
iekm HUDMHTF (2,0,5) (N7,C1™)
i HY DHHT® (@,0,5) (N7, Cli7)
iekm HUHT (DFN 1y5) (27, CL"
iepm H T DM HTF (épcﬁs) (Ztmryuz”
e HUDH (2,CN) (Livulri)

—

ﬁ
]
H

Rl R L]

~—
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o] deg; HTE D#HTI (EpaCNT) (N uttea)

(4.460)

(4.461)

(4.462)

(4.463)

(4.464)



(1~10)
OZZN2HHTD(0’

_2)

o4, (0,-2)

e2eNH12D

o~ (0,

eeN2HHtD

o2 o, (0,-2)

eEN2NHT2D

OeN3H2D(07 _2) ‘y

ol . (0,-2)

N3NHHTD

Class *¢>: T types

1~4
Og\[ 3[3‘]{12(1

(1,2)
OéNquHHTZ(O’

1,2
Og\fzq)uHQHT (O

-2

-1

-2

-2

)

~—

)

iH; DFHT (N1, ) (N7, Cl
iH;DMHY (Nl ) (N Cli?
iHT DI H; (Nl ) (N, Cl?
iH1 DI H; (Nl ) (N7 Cli?
iH;HT (N CD“NS) (lt Vulpi
iH;HI (N CD“WS) (lt Vyulpi
iH; DFHT (N1, ) (N Wcit
iH; DR HYT (N, 1)

iH""DH; (N, zm)
i DRH; (N ) (N Ol

N

/\

= Hﬂﬂﬂ“ﬂﬂﬂ
R R o R e e e e

‘<§‘<‘<‘<‘<‘<‘<‘<‘<‘<

ﬁ
LRl

i€;j HY DRt (e CN ) (€ryuet)
zeinT (e,Ce,) DFH1I (sty“et>
iH;D*HT (€,CN, ) (Nsyuer
iHT"DrH; epC’N g S'yuetg
iH;HY (e7,e0) (N,CDN
|iH;D*HT epCN, sYplt

iHT Dt H; epCNrg ENmet;
ies H'DH' (2,CN,) (N7, V:)
Jiey HUDHHTT (2,CN,) (N7, V:)

<
)
&l

[215] [=T5] [w[5]

[
a

[~
H
&,

[ —

L e
ERL

)
2]

i€l H; (NPCWT) DMH; (Nmet)

—
[2Fs]
=]

—

iH;H' (N, N;) (N,CDVN,)
iH; (N,CN,) D*HY (N, N,
il (N,CN, ) D*H; (N 7,y

2[5 Fe]

5]

e <
[ofs] [2f]
5]

cabe ka Httgti (N pQrai (qsbqutck)
_ eabceijmHTlHTm NpQrai (ngj Cthk)
[ Gabcﬁka HJ”HT] (Np(b“ai) (qsbj thck)

y eabe ka HY [t (NpQTaz) (QSbjCthk)

e <

H;HiHI (épcm) (T %sas)
H;HYHI (2)q50:) (RCW)
Y e 0 (%) ()
Y [o] €% H; Hy, H'I (NpC'NT) (T %sas)

— h8 —

(4.465)

(4.466)

(4.467)

(4.468)

(4.469)

(4.470)

(4.471)

(4.472)

(4.473)



3

i) (0,-2) Y [ HjHTiHU'(Nis(Jtai) (EE“CW:)
Y =) HiHYV HT (N giai ) (d,°CN, )

AN2qHH1?2 (4.474)

Opyps(0,2) \y [} emeineko i 1L H, (Ntlsk) (lpiClyr) (4.475)

Ol (0,-2) ) 7 H“H”.(é’fﬁi) (Net-) (4.476)
et Y [l HiHHY (N,ON,) (eple)
Ot (0,—2)| Y [5] € H;HHY (NCNL) (Vo) (4.477)
Class 1*p12¢3: 13 types
Onzqarrii (0,2) |V [ar2] € H; Hy HY (NCN) (T Gpas) (4.478)
OJeNqHZHf (0 2) lkH HkHTJ (esCNy) (dp Qraz) (4.479)
Oineqrrri=(0,2)|Y 1] HyHIHT (N,ONY) (4405 ) (4.480)
s e iy HY (5" Ny ) (i Cra;)
Oingarrzrt (0:2)| ™ Hy Ho HTF (G2 N) (1piCraj) (4.481)

& Hy Hy HY (G5 N, ) (1iCgra;)
Opngmzmi (1, —1 ‘y[ } e Hy Hy H' (d, detc)( pqmz) ( )
Ouguumz(1,—1) | H;HT H'I (Nmez) (dspCurc) ( )
Ouvaurzat (0, 2) | H; Hy HY (NoCuga) (@ 1) (4.484)
( )
(4.486)

Ognarpt (0, —2) | HiH;HT (N Cu,* ) (lt]d5a> 4.485

Ozt (0,2) | HiH H (dgo CNy) ( p lm) 4.486
Y [ar] €™ Hy Hy H'I (1,Cl ) (zsth

O ot (0.2)|Y (o] ™ Hy Hy H* (1,01, (1N, (4.487)
Y [2] ém i Hy HY (1:C1,5) (14 )

Oanzpt (0,2) | HiHHTT (e,CNy) (€plri) (4.488)

Oanzpi2(0,2) |V [ma] Hy HVH (NyCNy) (8plii) (4.489)

Ovnzpt (0,2) \y | € H; H,HJ (N,CNy) (erm) (4.490)

4.5.3 Classes involving six-fermions
Class 1*T2: 80 types
(1~3) y [7 ] Eabcﬁikejm (NuCNv) (lpiCQTaj) (QSbkCthm)
01N2 (1 3) y a] 6abc€zk€]m (NuCNv) (lpic%"aj) (QSbkCthm) (4491)
Eail 6abc6ik6jm (NuCNv) (lpiCQTaj) (QSbkCthm)

— 59 —



Ol (1,-1)

(1~8)
O (0,-2)

Ot =)

d2eNq?

Y
ol (0,2)|Y
Yy
Y

y
y
y
y
y
y
y
y

Y 1o
y
NAE
y
37

y v €' (NuCNv)

[ere] €€ (N pgrai ) (@50 Cleer) (77 dlue)
[erre] %€ (N p%m) (456 Cater) (T due)
— ebecel® (717(17111) (qs6;Cqter) (T Idye)
: ebcee”( pQral) QSb]CC]tck)( kd, )
)] eee ”“( pqm) (as6;Cater) (T due)
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In this section, we list the complete and independent operator basis in vLEFT from

dimension 5 to dimension 9, and the statistic results of the operator basis are listed in

table 6 and 7. We also give the relations of four-component Dirac spinors and two-component

Weyl spinors here.

0
UR = ( t dr,
Ug
VL, = (0, VT) ey,
UR = (uc O) 7L
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Dim-5 operators
N (n,n Classes Niype Nierm | Noperator Equations
3 (2,0)| F?+he. 240+2+0 4 24 (5.4)—(5.5)
Dim-6 operators
N (n,n) Classes Niype Nierm | Noperator Equations
4 (2,0) Yt + hee. 10+4+12+2 50 2034 (5.6)—(5.19)
(1,1) P2apt? 20+ 8+28+2 58 3189 (5.20)—(5.52)
Total 5 304+124+40+4 | 108 | 5223
Dim-7 operators
N (n,n Classes Niype Nierm | Noperator Equations
4 0) | FPv?+ hec 440+4+0 8 60 (5.53)(5.56)
, F2t2 4 hec. 440+4+0 8 60 (5.57)(5.60)
U3YID +he | 30412 +38+4 84 3846 | (5.61)—(5.102)
Total 6 384+ 12+46+4 | 100 | 3966
Dim-8 operators
N (n,n) Classes Niype Nierm | Noperator Equations
4 (3,1)| ¥*D?+h.c. 10+4+12+2 78 3204 | (5.103)-(5.116)
2,2) | F,Fryy'D 24+0+4+0 6 54 (5.117)—(5.120)
P2pi2 D2 20 +8+28+2 116 | 6129 | (5.121)—(5.153)
5 (3,0)| F*+he. 16 +8+ 18 +2 136 | 5238 | (5.154)—(5.175)
(2,1) | FL®t2 4 hee.| 68+32+92+4 | 212 | 10800 | (5.176)—(5.273)
Total 8 116 +52 + 154 + 10 | 548 | 25425

Table 6. The complete statistics of dimension 5, 6, 7, 8 vYLEFT operators. N in the leftmost
column shows the number of particles. (n,7) are the numbers of € and € in the Lorentz structure.
./\/typc, Nierm, and Nopcrator show the number of types, terms and Hermitian operators respectively
(independent conjugates are counted), while the numbers under Nyype describe the sum of each
possible |AL| types/operators with A" = N (|AL| = 0)+ N (JAL| = 1)+ N(JAL| = 2) + N(|AL| = 4).
The links in the rightmost column refer to the list(s) of the terms in given classes.

In the following contents that list the operator basis, we should clarify that each
(41 in an operator class means a two-component left-handed (right-handed) spinor in this
class. The baryon number and lepton number violation pattern of each operator type are
presented next to the type as (AB, AL). The subscripts and superscripts {p,r, s, t,u,v},
{a,b,c,d,e, f} and {A, B,C, D} denote flavor indices, SU(3)¢ group (anti)fundamental
representation indices and SU(3)¢ group adjoint representation indices respectively. The
number of up-type quark fields uz, g flavor in this effective field theory is 2 (excluding the
heavy top quark which has been integrated out), and all other fermions flavor numbers are 3.
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Dim-9 operators

N (n,n) Classes Niype Nierm | Noperator Equations
4 (3,2) | FL2%D? + h.c. 44+0+44+0+0+0 16 120 (5.274)(5.277)
FLFRvY?D? + h.c. 440+4+0+0+0 8 60 (5.278)—(5.281)
F,292D? + h.c. 440+440+0+0 8 60 (5.282)—(5.285)
V3T D3 4 h.c. 30+12+384+0+4+0 162 | 8136 | (5.302)—(5.343)
5 (4,0) | F3Y%+ he 6+0+6-+0+0+0 20 126 | (5.286)—(5.291)
(3,1) | F Y2+ he 24+04+2+0+0+0 4 30 (5.292)(5.293)
Fap®tD 4 hec. 50+24+62+0+4+0 602 | 28854 | (5.344)-(5.413)
(2,2) | FLFR*>Y? + h.c. 8+0+8+0+0+0 16 96 (5.294)—(5.301)
Fr®TD + h.c. 504+244624+0+4+0 450 | 21300 | (5.414)-(5.483)
6 (3,0) Y5 + hec. 304+344+404+10+12+2 | 676 | 100782 | (5.484)(5.547)
(2,1) | %24 he  [2524254 4344 + T8+ T2+ 4| 2492 | 629862 | (5.548)—(5.1049)

Total 22 440 + 348 + 574 + 88 + 96 + 6 | 4454 | 789426

Table 7. The complete statistics of dimension 9 vLEFT operators. The numbers under Niype
describe the sum of each possible |AL| types/operators with N = N (JAL| = 0) + N(|AL| =
1)+ N(JAL| =2) + N(JAL| = 3) + N(JAL| = 4) + N(JAL| = 6).

5.1 Lists of the dim-5 operators

Class Fi,i%: 2 types

OFLVLNRm 0)\z’FLW (Nrpopwrrr) (5.4)
OF N2 ‘y[ }ZFL“V (NRPUMVCNRT) (55)

These operators are listed and discussed in refs. [16, 19, 20]. Here the (0,0) and (0, —2)
denote the baryon and lepton numbers of the operators and each of the s or ¥'s in the
class name means a left-handed two-component spinor or a right-handed two-component
spinor in the class respectively. The definition of the Dirac charge conjugation matrix C' and
its conversions can be found near eq. (4.5), along with the conversion between F, F, F; and
Fg eq. (4.13), (4.14), the conversion between two-component spinors and four-component
spinors eq. (4.4) and Hermitian conjugation of operators eq. (4.9), (4.10).

5.2 Lists of the dim-6 operators

Class ¥*: 14 types

(1,2) (uLsaCVLt) (NR CﬂRg>

OVLNRER'U'L (07 0) (WRpuLsa) (ER;:/Lt) (56)
(1,2) — Yy [} (NRruLta) (NRPCHR2>
N}%URUL (0 2) y [] (NRpCNRT) (ﬂRguLta) (57)

71—



Y [ €2 (NdeLpa) (drrpCuric)
y [} eabe (NRsuLtc> (deaCdLrb)

(NRSuLt(I> (ERZeLr)
(€L CuLm) (ERPCNR )

0% (1,-1)

di Ngrury,

o2 (0,0)

drer, Nrur,

(1.2) oy | (BRrdLpa (NR Cury )
OdLéRNRER(()? 2) (NRSdI;pa) (eR CuRtt)

12 1 _y|Y [l €ave (dR CNRs ) (deCﬁRC>
OdQR,NRﬁR( L, 1) y { } €abe (dRapCdR ) (NRSCUR;)

12 (NR VLt) (dR drr a)
deLVLNR(O,O) (dL,,,aCVLt) (d:{);CNRS>

Y {] (NthLra) %dRZCNRs)

o (0, -2
Y el (NRSCNRt (ERgdLm)

deLN§

~—

(eRpeLr) (NRSVLt)

(1.2)

O eRe LI/LNR(O 0) (eLTCVLt) (ERPCNRS)

ol 52 (0.-2) V[ (Nj“‘j“i (eroCRs)
Y =] (NRSCNRt) (erperr)

0 3]\7R(0a2) Y [} (VLSCVLt) (NRpVLr)

o', NL (0,0) Y B8] (Feps) (Narve)

Y [ o1 (v1.5Ce) (NpCey)
0,52 (0,-2)|¥ [E] (N, CNe ) (Nisvre)
O (0,~4)|¥ [E] (NrpCNR, ) (NrsC VR )

~—

Class ¥?112: 33 types

Op Ngagaur, (0, 0) ‘ (VLtNRs) (ﬂRZULm)

ONz2 gy, (0,2 ‘y 6rel] (NrsCNry) (ERZULM)
Odrdy, Nguy, (1 1)‘ “(drscC'NRt) (dLpaCurrp)
‘(GRSCNRt) (ERgULm)
(eLpCutra) (EL;‘NRt)

| (upaCrr) (WL§ Nis)

O v (0:0) | (Niptira ) (718 Nis)

Oen i, (0:0) | (Nrptnra ) (didens)

O a1 =D)|V [E] € (Niptirra) (draCelpec)

(1,
OdR RNRUL( 2)
O ex N, (0:2)|

(0,2)

ULNRULUL
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Ouay e, Mg (0, 0)| (BLs Nie) (TR dLpa)
O dy N (— 15 1) [€abe (dLsNRt) (ERZC’ER?,)
Ougr Nniin (0 0)| (AR saC Nr¢) (ERpCTRE)

O Nnmaun (0:2)| (Vs Cursa) (s )
ONRNRﬁRuR 0, )‘

(NrsCuRrta) (NRpCﬂR?)

O N (—1,—1) ‘y [ } €abe (NRpCﬂR?) (ELIQCEL§>

OdRéLNRﬂR(()? -2) ‘ (eLtdRsa) (NRpCﬁR?>

O gy inNg (0, 0) ‘ (7LtNRs) (EﬁgdLm)
O vz (0,2) ‘y =1z] (NrsC NRry) (3RgdLm)
Oy ity 3z (0:2) | (1paCrr) (A8 Nre)

Oy iy, Ne g (0 0) ‘ (WerLpa> (ELgNRt)

O drn Vg (05 2) ‘ (drsaCNRy¢) (aRZVLr)
O i (0:0)| (drsaC Vo) (drgCNR )
Ocey i N (0, 0) | (€rpeLr) (PLiNRs)

Ocper 3 (0,2) | [12] (NrsCNro) (@rperr)
Ocyermn e (0,2)] (@Ls Nre) (e1,Crr)
O, o1 Np g (0, 0) ‘ (NRreLp) (er.sNre)
OererviNg (0,2) \ (erpvLr) (ersCNRy¢)
Oper M (0,0)] (ersCNr1) (ErpC Ny )

0,250 N (0:2) | ¥ [ (v1pC¥1r) (PLiNR )
OVEN}% 0,4) ‘y wlr 512) (VrRsCNre) (vLpCrpy)
O, o N Vg (0 0)‘ (NRpVLT) (7Lt NRs)

Oy Nz (0,2 ‘3’ | (NrsCNr) (NRpVLr)
Oz 2 (0.0)|Y [ 6] (Vo CVrr) (Nrp Oy )

5.3 Lists of the dim-7 operators
Class Fi,?1?: 4 types

Oc, 20,15, (0,0) (NRpVLr) G, Gy

Ogy 22 (0, =2)|V [arz] (WRPCWRT> G, G

OFL VLNR(O’O) Frp LM (NRPVLT)
oYl i (T,

O 22 (0,
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Class Fy212: 4 types

OGy20, N5 (0,0)| (FLr Nip) G{ 1y G (5.57)
Og,2n2(0,2)|Y [1] (NrpCNry) Git G (5.58)
Or. 20, N5 (0,0) ‘FL/WFL (7L NRrp) (5.59)
Op2n2(0,2) ‘y ] FLpw (NrpC Nry) FLM (5.60)

Class 13T D: 42 types

Ovp N iigug, D (0, 2)‘ (UR,,%NRt) (uLroCDFurs) 5.61
Opy Ny, 0 (05 =2) \Z (Nrp1uCrLe) (WRED urs0) 5.62
O 8 N i, 0 (05 0)‘ (NRp'YuNRt) (ury D usa) 5.63
Oz Nyuy, (1, 1) ‘y o1 $€7% (dipaCypNre) (dLrpC DFPur,s) 5.64
O oy Ny, p (1, —1) i€ (NRrD”Ust) (dLpaCYudRtc) 5.65
O irer Npug, 0 (05 2) | (dRpWNRt) (errCD ur,sq) 5.66
Onen i 0(0,0)|i (N DPursa ) (drgpen:) 5.67
Odper Nyur0(0; "L (WRrD“ULsa) (aLg'Y,ueLp) 5.68

(5.61)

(5.62)

(5.63)

(5.64)

(5.65)

(5.66)

(5.67)

(5.68)

i (urraCD 1) (WR,,WC@L;L) (5.69)
V20 (0:—2)|Y [ § (Nre D ursa ) (NrpyuCrng) (5.70)
Oudpen N0 (0, 0) |i (dLpaCyuNre) (ERrC DFTRS) (5.71)
O (U )‘ i (eLtYudLpa) (WRrCD“HRZ) (5.72)
(5.73)

(5.74)

(5.75)

(5.76)

(5.77)

(5.78)

(5.79)

(5.80)

(5.81)

(5.82)

(5.83)

O Npapp (=1, 1) ‘y 2] F€abe (aRZ’Y,uNRt) (ER?C’DMHRE)
O iy Nparp(—1 —1) ‘ieabc (NRTCD“HRZ> (ERZ’YMCELf)
O nenininn (0, =2)|i (Erprudnia) (N CD unt )
OVLNRURURD(O’O)‘ (NRP'Yu“Rta> (ury DHrps)
OR2apupp(0; 2)‘3)[ } (NRp’YuURta) <NRTCD“ERZ)
Oz Mg (1 1)‘ iebe (DMWRSdLTb> (dLpaCypuRte)
OdeLuLNRD(O, 2) \ i (dRp’mNRt) (dLroCDH uys)

O N0 (0 — )‘ (D“NdeLm> (ERZ%C'PU)

O ey N (0: 0) i (DNl ) (A gy Nt )

Oy e N, 0 (05 2)‘ (UL VudLpa) (éRrCD“WRs)

Oy dy iy 8 0 (0, 0)‘ (dLﬂudea) (NRTD‘“VLS)
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Oz n(0:=2)|Y [2] i (dfvudipa) (Nr CD* Ny,

O Ny p(—1, *1)‘37 211 2€abe (dR CD*N Rs) (%ZwCﬂLf)
Orer Nrug 0 (05 ‘Z (D“ NRseLr) <ERZWURm>

O i dgn Nep (0,0 ‘Z (ng’)’udRm) (WRTD“VLS)

OdeRN2D( 2)‘3) {I} (dRpwtha) (NRTCDMNRS>
OcperiNeD(0,2)|i (ErpyuNre) (eLrCD L)

Ocyerin, 500 =2)|§ @y C7Le) (D" Nser)

Ozpen NNy 0(0,0) ‘Z (erp Y NRE) (D“NRSBLT>

O, e Ne 0 (0; 0)‘ i (BLtYpeLp) (NR’I‘D'LLVLS>

O,y e n2 (0, ‘y [ } (ELeVueLp) (NRTCDMNRS)
OéReRVL]\_fRD(O 0)‘ (eRp’YueRt) (NRTD“VLs>
Orennzp(0; ‘y [ } (ERpVueR1) (NRTCD“NRS)

(’)VsNRD(O, 4|y i(VLTCDMVLS) (I/LPC’}/#NRt)
0,25, 5 (0,0) \y[ 1| i LD, (NrpyuCove)
O, vven (0:2) |V [H] 7 (Nip1u Nt ) (1, CDF21,)
O,,LVLNQD -2)|9 [ i (NepwuCre) (N, Dro,)
0.0xprao O 0] 2] (Fuie) (R, Do)
Omgmo, ~4)\ ¥ [ ( NRTCD“NRS) (NepruCrve)
Oxi N (0 37 i NRp%NRt) (WRTCDMWRS>

5.4 Lists of the dim-8 operators
Class 1*D?: 14 types

(1~3) gNRPCUR?> (DuuLsaCD'uVLt)
”LNRQR“LDZ(O’O) NRP“LSG) (DyuRsDH )
i(DuuLsaCDuVLt) (NRPO'“VCUR?>
s Ve (ijCaEg) (DN D urs, )
Nganon 02O =D\ ] (NrpONwr ) (Dlind Do)
Y [l NRPCHRCSI) (DMNRTDMULHL)

(1~3) Yy [] eabe (NdeLpa> D dLrbCDMULtc)
Od2N ur, p2(L =)y [ eabe (drpaCdrrp) (D NgsDF ULtc)
Y eabe (NdeLpa> D dLrbCD uLtc)
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o4 (~1,-1

d2 Nrig D?

ERgeLr) (DMNRSDHULM)

(1~3) _ _Z
OJReLNRuLDQ (O’ O) dRZCNRs> (DueLTCDMuLta)
{ (DMNRSDVULHL) (ER?;UW/eLr>
(EerLpa> (D#NRSCD“ﬁRg)
O(1~3)_ (0 —2) N = Wrr. a
dper Nrugr D2\’ (NdeLpa) (D,ueRTCD uRt)

) (éRTUW’dea) (DMNRSCDVER%I)

Y [ €abe (ER?)CWRS> (DuERIT)CD“ﬂRf)

y driCdr?) (DuNrsC D s
ERZCWRS> (DMER?CD“ﬂRf

~—

€abc

Yy €abc
(1~3) aRgdLr‘a> (D,uNRsDMVLt)
OJR;LVLNRDQ (0’ 0) aRZC'NRS> (D,udLTaCDuVLt)
{ (DuNRsDuVLt) (ERZU'uudLra)
N N [} (aRaCNRS) <D#NRtDudLra)
Ol p2(0:=2)|y [] d;gdm) (DuNR.CD*Nr,
y [] aRgcfﬁRs) (DMNRtD/,LdLra
13 (éRpeLT> (D,u,NRsD“VLt)
OéR:LI)/LNRDZ (0’0) (éRpCNRs) (D,ueLrCDMVLt)
7 <DMNRSDVVLt) (éRpO"uyeLr)
(1~3) N [} (éRpCNRs) (D#NRtD,ueLr
e N2D2(O —2)|y =] (erperr) (DMNRSCDHNRt
y [] (éRpCNRS) (D'U‘NRtDueLr)
0% 12(0.2) ] (Nrprr) (DurnoCDM o)
y [] (NRpVLr) ( uVLsCD'uVLt)
o [BE () (2
Ouzw202 00|y [5m, 615 (NepCNRr ) (Dt sCD 1)
Y I, G NRpVLs) (D NRTD”VLt)
O(l 2) 0 _9 Y [} (NRPCNRT> (DMNRSDHVLIS>
e (NryCNe,) (D NeaD i)
012 o _p|¥ | (NepCNe,) (DuNrsCD*Niy)
NP y [l sTe] (NRpCNRr) (DMNRSCD'LLNRIS)

OGLGRVLNRD(()? 2) ‘ Z’GfﬂyGﬁl’)\

Class Fi,Fryn)'D: 4 types

(I/LpC”yADMNRT>
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(5.106)

(5.107)

(5.108)

(5.109)

(5.110)

(5.111)

(5.112)

(5.113)

(5.114)

(5.115)

(5.116)

(5.117)



OcycnNuNg 0 (0,0) ‘in“uGﬁyx (NRp’Y’\DuNRr)
Or rrnNgD(0,2) ‘iFL’uVFRVA (VLpCV’\DuNRr>
OFLFR,NRNRD(()? O) ‘ZFLHVFRV)\ (NRPWAD}LNRT)

Class 1*pT2D?: 33 types

0(1,2) (0 0) (ﬂRgqua) (D'uthDuNRs)
v Nrugur, D2\™) . _ 4w
? (DVVLtDMNRS) URpO"™ ULra
; Nz
O§$§2£RuLD2 (0’ 2) y |::| {2 (DMNRSCDVNRt) (URpO' uL?"a)
: y [] (ﬂRgqua) (D’u,NRSCD‘U'NRt)
(172) (1 1) Eabc (deacuL’r‘b) (DMdRSCCDMNRt)
drd, Nrup, D2\ /| ; cabe (DudRscCDUNRt) (deaCO'“Vqub)
CZRBRNR’U,LDQ( ’ ) . = a v
2 (DMGRSCDVNRt) (dRpO'“ uLm)
o) 0.9)|(CLoCursa) (Dydi D" Ny
JLeLNRuLDQ( ) ) . = a y
(3 (D“dLsDVNRt> (eLpCO'“ ULra)
(1,2) 0.2) (uLpaCrLr) (D*uLf Dy Nrs)
vy, Nrupag, D2\ i (DuﬂLgD,uNRs) (ULpaCUMVVLr)
0(1,2) 0.0 (NRpqua) (D”HL?DMNRS)
NRNRUL’QLDQ( ’ ) . —a — v
i (DyurLi Dy Nrs) (N Rpo* uLm)
(1,2) (NRpULm) (D#ELgD“eRt>
dy,er Nruy, D2 (0’ 0) . = oa — »
) 7 (DudLsDueRt) (NRpO'“ qua)
0(172) 1.1 N [] jeabe (DudRstDuthc) (NR;DO-“VULT(Z)
d%{NRuLDz( ’ ) abe (AT
Y [Hl] ¢ (FrpuiLra) (DpdrCD dyre)
(1,2) (0.0) (WR%d1pa) (DyeLs D* NRy)
dy,e;, Nrug D2\ i (D'LLELSDVNR,t) (uRgauude(Z)
(1.2) (1, 1) ot (drgCunt) (DudisD* Ny,)
drdy, Nrug D? ’ 1€qbe (DMELEDVNRt) (ER;LO'“VCER?“)
(1,2) (0,0) (erpCURY) (Dydr sa CD* Nry)
drég Nrag D2\ 7 (D,udRsaCDyNRt) (éRpUuVCUR?)
(1,2) (0 2) (ERgVLT) (D;LNRSCDMURHI)
v " 2 9 i
LNrurur D 1 (DMNRSCDVURM) (ﬂRgo-lwyLr)
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(5.118)
(5.119)
(5.120)

(5.121)

(5.122)

(5.123)

(5.124)

(5.125)

(5.126)

(5.127)

(5.128)

(5.129)

(5.130)

(5.131)

(5.132)

(5.133)



O(_l72)

Ngr NRrururD?

ou  (~1,-1)

(0,0)

(NRPCER;O (DMNRSCD'MURm)
i(DﬂNRSCDVuRta) (NRPO'“VCﬂR?>

Y [517] €qpe (NRpU“"CﬂR?> (DuELZCDVEL§>

d? Nrag D2 — — _
LURER y [} €abe (NRpCﬂR?) (D#dLZCD“dL%:)
0(1,2) . (0,-2) (NRPCUR;‘E) (DFeryDydR sa)
&L Npap D2\ ) _ — 7
dner Nt i (DyeLiDydr ) (Nrpo Ctint)
o) (0,0) (ERgdLm) (DFv1,4Dy NRs)
> 2\Ys _
drdyv, Nr D i (DnytDuNRs) (ngguudLra>
002 (0,2) [ | PubrCDNw) (Ao dure)
R y [] (ngdLra) (D;LNRSCDMNRt)
(1,2) 0.9 (drpaCrry) (DMELgD”NRt)
dLJLVLNRDZ( ’ ) . 3 a v
1 (DudLsDuNRt) (deaC’O"u VLT‘)
0(172_) B (0 0) (WRTdea) (DuaLgDﬂNRt)
didy, NgNg D2\ V)| S — J
i (D2 Dy Ney ) (Nrrod o )
o) 0.2 (ER;VLT) (D,dpsaCD*Nyy)
drdrv, N D2\ ’i(DudRsacDVNRt) (ERgUMVVLr)
12 0.0 (ER;;CWRT) (Ddp saC D" Niy)
drdgr NgR Ny D2\’ ; (DMdRsaCDVNRt) (aRgUuVCNRr)
0(172) (0 0) (éRpeLT) (DuthDuNRs)
ererL v, NR D2\ i (DVULtD,uNRs) (éRpU'uyeLr)
0(172) ) (0 2) N [} i(DuNRsCDVNRt) (ERpO"uVeLr)
ere 2\ _
R NRD Y [611] (ERperr) (D NrsC D  Nyy)
0(172) (0,2) (eLpCVLT) (DMELSD“NRt)
erervr, N D2\ i (-DMELSDVNRt) (eLpCO-MVVL’I’)
(172) _ (0 0) (NRreLp) (DﬂéLsDMNRt)
erep, Nk Ng D2\’ ; (DuéLSDyNRt) (NRTO_uueLp)
ererv N D2 i (DueRsCDVNRt) (éRpO'HVVLr)
(172) éRpCNRT (DﬂeRSCD#NRt)
OéReR]\_fRNRD2 (07 O) ( )

Z'(DMSRSCDVNRI«/) (éRpO'MVCWRr>
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(5.134)

(5.135)

(5.136)

(5.137)

(5.138)

(5.139)

(5.140)

(5.141)

(5.142)

(5.143)

(5.144)

(5.145)

(5.146)

(5.147)
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Yy [} 1 (DvatDMNRS) (]/LpCU'uVI/Lr)

o2 (0,2)
YN D2 Y o] (vLpCrwy) (DFDL Dy NRs)
o12) )| [B ] # (DuNwsCDNr) (1, Co )
2N2 D2
y 2l 6] (VLpCvir) (DpNrsC DHNRy)
(12) (0,0) (NRPVLT) (D*o1, D NRs)
v,op, Nk Ng D2\’ ; (DVPLtDuNRs) (NR;)O—'LLVVL’I‘)
00D oY B i (DuNrsCDyNgy) (Nrporvn, )
VLJVRJ\[I%I)2 ’ -
Y [erl (NRpVLr) (DuNrsCDHNgy)
nY o' N-
02 0,07 [BLE] i (DuNroCDyNyi) (Nrpo CN, )
o Y e 51 (NrpCNR» ) (DuNrsC D Nve)

Class Fi*: 22 types

i),

(1~3) ) G (up,CuLt) (NRPUWCﬂRg)
OGLNVLNRERUL(O?O) ()\A)
)
i

Sas]

A
Gi, HY (URryvLe) (NRpauyust)

(Nuprie) G (o )

Sas]

A

>

i

a

Yy {] (AA) GARY (ug%ur,p) (NRpUuVCNRT)
O(Gl;\_:s[)% ,uL(O’_Q) o] A Apv ~ — 4
RUR N [} { ()\ ) G (NRruLtb) (NRpUuVCUR5>
N [] (AA> GAMV (NRruLtb) (NRpO'uuCHR(SI)
N {} [ ()\A)b aCdGANV (NRsuLtc) (deaCU,uudLrb)
o Y [} 7!( ) achAuu dLrbcuLtc) (NRso-,uudea)
O(G;ii)NRuL(l’ _1) Y [} { ( ) CdGAMV dLrbcuLtc) (NRso-uudea)
Y 1] ( ) eacd Gy (NRsuLtc) (drpaCopvdrr)
Yy [} { ( ) achA,uy (dLrbCULtc) (NRsUuudea)
Y [} { ( ) deGAMV (dLrbCULtC) (NRsUuydea)
i (M)’ G (N (drgowenr)
e OO s (34Y G o1, Cug ) (A5, O
L Lr Ltb RpC@uv Rs
$ (V) G () (Nsoev)
(13 7 ()\A ngP‘V (NRSCER%) (éRrUuydea)
OGLdLéRNRﬁR (0’ _2) ? ()\A> Gf/ﬂf (éRrCHR?) (NRsUul/dea)
7 ()\A)b Gfuy (ﬁRgdea) (ERTUW’CNRS)
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(5.149)

(5.150)

(5.151)

(5.152)

(5.153)

(5.154)

(5.155)

(5.156)

(5.157)

(5.158)



O(lNG)

GLCZ%NR’ELR

(1~3)

GLd_RdL 148 NR ’

O(1~3)

Grdrd, N2\

(1~3)

Frv, Nriigur V-’

0(1"“3)

FLNE{TLRUL ’

O(1N3)

FLdiNRUL ’

(1~3)

Frdrer, Ngur, \

(1~3)

Frdier Nriig *’

O(1N3)

FLd_QRNR’U,R

(_17 _1)

i(\A

(M)
i(\)
(M),

~

Y
y
Yl iFu (Nrsusa) (Nrpoy CTint)

Y em
Yy

~—

V[ ieaca (M) G (NraCring) (dno O
Y [} “€acd ()‘A)Z (aRl;CﬂFh?) (3R$UWC’WRS>
Y [} i€abd (AA>d GAr (E;J;Cm;ﬁ) (ERgaWCWRS)
Y [l i€acd (A ):GA#I/ (NRSCﬂRf) (ERgoWOERg)
Y o] i€aca (AA)ZZ Gt (drbCung) (drgouCNEs )
it tws () () ()

’ (NRSVLt) GLHV (aRgU,u,ydLrb)

G (diyCrr) (driounCN s )
Giluw (dRpVLt) (NRsU””dLrb)

H z( ) Gt (NthLrb) (aRgaWCNRS)
Y [ (V). Gl (@05CVn) (Frsotdin)

S C©9

1

)\A

Y [l i ()\A> (NrsCNre) G (drpoudim)
1 F1,HY

uLsaCVLL) (NRPUWCUR )
7f--FL'l“j HR;}VLt) <NRPO-MVULSG)

Z.FLWJ (NRpVLt) (ﬂR?UW/uLsa)

(73 Haud (ﬂRguLta) <NRPO-MVCNRT’)
LY (NRruLta) (NRpUuVCﬂRgL)

(
(

] ieachL,uy (NRSULtc) (deaCUuudLrb)
[] Z'Each’Ll“j (dLrbCULtc) (NRsUuudea

y [} ieachLMV (dLrbCULtc) (NRsJuudea)

L (NRsuLta> (aRga,uyeLr)
193 ald (eLrCuLta) (aRgU;U/CNRs

P <ERZULta) (NRSU‘“’eLr>

PP <WRSCUR?> (ERrTuvdipa)
iFL* (errCuRy) (NRSO-MVdea)
iF1 0 (TRidipa) (éRrU“”CNRs)
Y (o] t€ape FL*Y NRsCﬂRf) (3RZUWCER?
) Y o] teapc FLM ER?CWﬁf) (ERZU[AVCNRS
Yy {] i€qpc P (3RIZCER§) <3R$UWCNR5»)

~—
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iFL (NRSVLt> (ERZUquLTa)

iFL“V (dLraCVLt) (ERZO—;LZ/CNRS) (5.168)
iFL,uV (ERgVLt> (NRsauydLra)

YV |[&| L NthLfra) (ERZU;LVCNRS
N ERZCNRt) (WnguydLra
y [ 193 Hand (NRSCNRt) <8Rgo'uudL7"a)
(1~3) (7 Saud (NRSULt) (ERpO',uueLr)
OFLERELVLNR(O’ 0) 1y HY (GLrCVLt) (ER;DO';WCNRS) (5,170)

iFLMV (éRpVLt) (NRSU'L“/eLr)

(1~3)
OFLd_RdLVLNR (07 0

~—

(1~3)
OFLd dL N2 (O —2

~—

iFLpu (5.169)

(1~3) Yy kY NRteLr) (éRpO-,U,VCNRS
OFLERELNI%(O’ —2) y iFL[,LV éRpCNRt> (NRSO"“VeLT (5.171)
Y [are] iFL MY (WRSCNRIS> (ErRpouveLr)
002, 0.2)|” ] i (Nrorte) (1,01 (5.172)
- Y _] l (VLSCVLt) I3 ald (NRpUuVVLr>
(1~3) Y :’ } WFLH (NRTV”> (WRPUWVLS)
OFLVENQ (O 0) y _, i(VLsCVLt) Fy MY (NRpU;wCNRT) (5.173)
Yy _7 kLM (WRrVLt) (WRPUMVVLs)

i FLM (NRs N wCNR
0 0.2 [F] 11 (Nene) (Moo, (5174)
N } kLM (NRSVLt) (NRpO-uuCNRr)
[p[r]| . v (77 N T N
O v (0,—4)|¥ }zFL“ (NRTCNRt) (NRPUWCNRS) (5.175)
Class Fi?12: 98 types
b
OGyi Naguy, (0,0) i<)\A) (TLtNRs) G (ﬂRgauuquO (5.176)
OG’LNQuRuL O 2 ‘y .. i ()‘A> NRSCNRt) GL (uRpUuuqub> (5177)
b
(1,2) i ()‘A) eaCdGij dRscCNRt) (deaCU,uuqub)
O, dry N, (LD | 50, (5.178)
7 ()\ ) €’ G /“/ dRscCNRt) (deaCUuVULTb)
Oy inen s (0:2)]i (M) G (en s O Nr) (Ao inrn) (5.179)
OGLdLeLNRuL 0 2 ‘Z (AA)b (dLZNRt) (eLpCO-}U/uLTa) (5180)
OGLVLNRULUL 0 2 ‘Z ()\A)b GA'U‘V (ULtNRs) (ULpaCUuuVLr) (5.181)
OGLDLNRULTLL (0’ _2) ‘7’ (AA)b Gfﬂl’ (ﬁLgcht) (NRpUuVULra) (5182)
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OGLNRNRuLuL(O 0)‘ (AA) Gé#l’ (ﬂLgNR5> (WRPO-MVULT‘(I>

(AA) G (ELQeRt) (WRpUWULm>

~—

OGLJLeRNRuL (07 0

OS,ZLN , (1’ _1) y[ ] ()\A> achéuV (dRstthC) (WRPO-/U/ULTCL>
LR Yy [l} (AA) achfuu (dRstthc) (NRPU}U/ULT(I)

Oy dyer Npig (0,0) ] (AA>b (eLsNRrt) GiHY (ﬂRfﬂdepa>

1€0cd ()\A) GA/W <dLCNRt) (dRZU,u,VCﬂRg)
i€abd ()\A) it (SN ) (drgon, Cinl)

(1,2)

GLd_RCZLNR’IfLR (_17 1)

OGLdReRNRUR (0 0)

(/\A) GAMV (dRstNRt) (eRpU,uVCﬂRg)

OGLVLNR’ERUR (07 2)

Z()\A) GA/W NRSCURtb (URpU;wVLr)

Ocy i Nparur (05 —2) i()\A) G (TLiuRsp) pUuuCHR?)

(™
OGLNRNRuRuR(O 0) ()‘A) GAHV NRSGuRtb) (NRPUMVCURT)
(

Y [z e (M) G (ALt Can) (Napo Cin)
7 [ s (), 60 (205) (i)

(1,2)

@ N (1 1)

OGLdRELNRuR(O 2) ()‘A) GAHV (éLthsb) (NRPUMVCHR?)

y [I} (AA) achqu (NRsOuth) (deaCUuudLrb)

o3 (1,1) 3
y [ { ()‘A)d achfuy (NRSCUth) (deaCUuudLrb)

Grd? Nrug

b _
Oy dpdyin Ny (0, 0)| @ ()\A)a (TL1NRrs) G (dRZUWClLrb)
b _
O inanz (0.2)| V)i (M), (NuaONwa) G (dnoand o)

OG’LdLeRNRuL O 0 "L (AA> GAMV (ﬂLtNRs) eRrUuudea)

Oy dy.dyi.Ng (05 ‘Z ()\A) (dLbNRt) (dLpaCopvrir)

Oy dy.e Ny, (05 ‘1 ()\A)Z (eLSCULt) (NRrUuudea>
(1,2) B _1 1 ()\A)g achA,uz/ dRstuth) (NRTO—,LLVdeCL>
GLdeLNRuR ’ i ()\A) bchAu (dr.spCirse) (NRTUW/dea>

O v v (0 =2)[i (M) G (d12C711) (Nryopvdipa )

OG’LdLJLNRNR (O 0)‘ (AA)b Gfﬂ” (dLgNRt) (NRTU;U/dea)
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(5.183)

(5.184)

(5.185)

(5.186)

(5.187)

(5.188)
(5.189)
(5.190)

(5.191)

(5.192)

(5.193)

(5.194)

(5.195)
(5.196)
(5.197)
(5.198)

(5.199)

(5.200)

(5.201)

(5.202)



(1,2)

GLJRJLNRQL(_:l? _1) 1€qcd ()\A)Z G (ELIQCﬂLf) (ERgUWCWRr>

ieabd ()\A>d Gé”y (ELZCHL%:) (ER?,O'MVCNRT)

OGLdﬁeRNRUR(O 0) ()\A) GA“V (eRsCURtb) (ngJW,CNRT)

OGLJRdRﬁLNR (07 _2)

i (,\A)a G (Tadn ) (drgouw CN Ry )

. b l/ -3 a —
O6, drds Np N (05 0) Z<)\A) G (dg 5C' NRy) (dRpU,uVCNRr)

Oty en S 0. 0)|i (M), G (a1 gumn) (Niroper)

O anensnan, (0 =21 (M) G (wfdrsa) (erpoun CN )

Oy v Npupiy, (0,0)‘1' (AA) Gy (HL?uRsa) (WRpUWVLr>

Oc, drdy N (0; 0)‘ (AA) Gy (ELdesa> (NRpo',uuVLr>

Ocy, N2 g, (05 ‘3’ AA) G+ (EL?URM) (NRPUMVCNRT)
O anaunz (0, =2)|[ Y [E] 1 (M) Gt (dnfdnea) (Nrpou CNwy )
Oy Vg, (0, 0) [ 1L (71, Nis) (W g tnra

O N2 g (0,2)| Y [z § (NRoC Nre) FL (Gmgogmunra)

O Ry dndy Naur, (1, 1) [ 1€ FLPY (di seC' Nt (d1pa Copptin )

O dercnian, (0 2) |1 FL (ersC'Niy) (dRiominra )

Oy e (0D [IFL (A1 Nkt ) (e15C0pmt1ra)

Oy vy Ny (0,2) [iFLA (¢ Nis) (ULpa C oy

O Npura (05 —2) ‘iFLHV (LsCrLy) (NRpUuVULra>

Op, SNy, (0O [IFL (@ f Nrs) (Nrp0utra)

O e i, (0, 0)[ 1LY (dnens) (Nipopwtisra )

Ny, (1 —1) ‘y [} i FL M (drspCRe) (NRpUuuqua>

OFdyé, Ny g (0,0) ‘ iFL M (ensNre) (URG 0w drpa)

Or.ae,
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(5.203)

(5.204)

(5.205)



OFLJRJLNRaR(_la 1) ‘iGachL“V (ELENR,:) (ERZUWCER2>
OFdnenNrin (0,0) [iFLAY (dr saC Nrt) (Erpo, CURY)
OFy v Nriigug (0, 2) ‘z’FL/W (NrsCurta) (ERZUWVL,«>

O p i Nriigug (0 —2) ‘Z’FLW (VLtURsa) (NRpGWCUR?)

0 (0,0)[iFL (NisCunra) (Nrpous Cint )

FLNRNR'&RUR

OFLJi]\_fRﬁR(_L _1) ‘y [} ieachLMV (aLIQCELf) (NRpO';wCﬂRg)

OFLdRéLNRaR (07 _2) ‘iFLW (éLthsa) (NRPUIU/CHR?>

Orpa2 Npug (1, 1) ‘3’ 1] i€ FL# (NrsCurie) (dLpaCopwdiry)
Op dpdr i Ny (0:0) ‘iFLMV (7LiNRs) (ERf,UWdLm)
Opdnaynz (05 2) ‘y [cr] @ (NrsC Nre) FLIY (ERgUquLm)
OF,dp e Ngay (0,0) ‘Z'FL“” (WL{ Nrs) (ERrOuvdrpa)

Oty ap v (0 2)[iFL (A8 NR¢) (dLpaCopinyr)
Oryday e Nwiy, (05, —2) ‘iFLW (eLsCury) (NRTUquLpa)
Oty Ny (1> = 1) 1€ FLH (dryCunie) (N s i pa)
Or aydyim, Ny (05 —2)‘2'FLW (ELf;Cth) (WRr%udea)
OFLdLJLNRNR(()’O)‘iFL#V (3L§NRt) (NRrUuudea)
OFLJQRNRaL(—L 1) ‘y (o) t€abe FLMY (Uri NRs) (ERZ‘;JWCERQ)
O inen N (0 2) | 1L (NioCuna) (dniowes

O o N (0 2)[iFL (A saCNee) (dr o)
OFLJRJLNRaL(_la -1) ‘ieachLm/ (ELZCﬂLf) <ERgU#VCWRT)
Op der Vg (0:0) ‘iFL“” (ersCurta) (ERgaWCNRT)

O i N (0 =2 | FL (FLidsa) (Argo,C N, )

Oy dvs N, (0:0) \Z FLM (dRsaC Nie) (ERgaWCWRT)
Onerei N (0,0) [iFLHY (PLiNRs) (BRpoverLr)
Orenecnz (0,2) ‘y [orell i (NrsC Nre) FLMY (€Rpouvery)
OFeLeLNg (0,2) ‘iFLMV (ersNre) (erpCopupiyr)

OFLJLGLNRU«R (0, 0) "L'FL“V (ELguRm) (NRrUuueLp)
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Opevenim iy (0, —2) ‘iFL“V (eLsC7Ly) (NRTUuueLp) (5.254)
Op epep NpNg (050) ‘iFL“V (ersNr¢) (NRTU,uueLp) (5.255)
O enenmnnn (0,2) [iFL" (ersCNRy) (ERp0puwvLr) (5.256)
Opdpen Npay, (0: —2) ‘iFLMV (uL{dR sa) (ERpO',uVCNRr> (5.257)
O enenin i (0, —2) ‘iFL“V (TLiers) (ERpUuVCNRT) (5.258)
Op enentang (050) ‘iFLMV (ersCNry) (éRpU,ul/CNRr) (5.259)
Orpv2i, N (0, 2)‘37 [} iFLMY (TLeNRs) (vLpCopuwvLr) (5.260)
Op2nz(0,4) ‘y [7} i (NrsCNre) FLM (vLpCoppiny) (5.261)
Or vy Nuriy, (05 0)‘1FL (L{URsa) (NR;DO'/U/VLT) (5.262)
Or dndy Ny (0,0 ‘ZFL ( dRsa) (NRpUuVVLr) (5.263)
Ok enepi Ny (050) ‘iFLMV (€rters) (NRpU,uUVLT) (5.264)
Orup2 g (0, —2) ‘y [era] i FL* (7LsCoLe) (NR;DO';UJVLT) (5.265)
O v, N Ng (05 0) ‘iFL“V (7Lt NRs) (NRpU;LVVLT) (5.266)
Or vz (0,2) ‘y ) i (NrsC Nre) FL* (WRpGuul/Lr> (5.267)
O Nz ugay, (0, —2) ‘y [} iFLM (UL ursa) (NRpO'uVCNRr) (5.268)
O py gy, 52 (05 2)‘3} { ik (ELt dRsa) (WRpU/,LVCNRT) (5.269)
Orenenz (0, —2) ‘y [} iFL MY (eriers) (NR;DO'MVCNRT) (5.270)
Opn2nz (0, —4)‘37 [7] iFLM (VLsCPLy) (NRpUWC'WRT) (5.271)
Op o2 g (0, —2) ‘y {] iFL" (VLeNRs) (NRpUWCNRT) (5.272)
OFLNgNg(O,O)‘y [7] i (NrsCNgry) F1.1 (NRpO'WCNRr) (5.273)

5.5 Lists of the dim-9 operators

5.5.1 Classes involving two-fermions

Class F1,?0?D?: 4 types

G4, \GAV (DMNRPD“I/LT)

o Ve 5.274
G1.2v, Ng D? GA)\PGLMV (D)\NRPO"U‘VDpVLr) ( )
00D (o oVl GiloAG{" (DuNryC DN, ) (5.275)
2 2 ? T N '
SN Y [ iG{2G o (DAN o CD, N, )
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By FLvA (DMNRpD”VLr)

(172) _ (0 0)
2 2(M —
FL VLNRD ZFL#VFLAP (D)\NRPO_/“/DpVLT)
(1,2) Y ) FunFi" (D NyyCD* N, )
OFL2N2 D2 (07 _2) ) A\ . /.
" Y [l 4P FLAP (D,\NRPJ“”CDPNRT)

Class F1,Fry®>D?: 4 types

O, G 2 (0:0) | GRAGR™ (N Dy Dy )

OGL GRN2 D2

OFLFRI/LNRD2 0’ O

OFL FrNZD?2 (

Class Fy2¢2D?: 4 types

2)\3’ | GAr\GAA (NRPCD D NRT)
)‘FL ARV (NRpD D VLr)
~2)|Y [ FLsFr* (NrpC DDy Ny )

OG22 (0,0)| Gy A GV (DFDL, Dy, Niy)

O, 2n2p2(0,2) | 5] GoAGE" (D NryC D Nr,)
Or 25, 502 (0, 0) | FLya FLY (D71, Dy Niy)

Op 232 p2(0,2) | [ FLoaFL> (DuNr,C D" Ng,)

Class F139?: 6 types

(1,2)
GL3VLNR

(0,0)

(1,2)
OGL3N§(0’ —2

~—

oL, < (0,0

F1,GL2v, Nr

y
y

1,2
O}Cj oxz (0,-2)

i PO, GPrGE ) (Nrpo oo,

fABC (NRpVLr) GépVGBM)\GEVA

Y [E] 142G, GErr GE ) (Nrpo R, )
Y [er] £45C (NRpCNRr) Giu GPHAGE
Z'FLW/Gf)\pr'uV NRPO'APVLT
iFL GG,

B
|Lr]
Lr]

WRPUVPVLT

- A A N AT
iFLu GG, (NRpo"?C N Ry

PPy G, GARY ENR,,O—APCNRrg

OFL?’VLNR (0,0) ‘Z.FL/\PFLMVFL#V (NRPU)\[)VLT>

OV

Class Fi,>¢2: 2 types

iF A p FL FLPY (NRpO'ApCNl:M)

Ocy 3, N5 (0,0 ‘fABC (VLrNrp) Giu GEFAGE A

Ogyn2(0,2)|V [m] fA5C (NrpCNwy) G GEFAGE
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(5.287)

(5.288)

(5.289)

(5.290)
(5.291)

(5.292)
(5.293)



Class Fi,FR%Y?: 8 types

Oy r2u, g (0,0) id* PG L GRAWGR (WRPUWVLT) (5.294)
OFRGLGRVLNR(O 0)‘@FRAPGLMVGAAP (WRPO-MVVLT) (5295)
Ogyanenz (0,=2) |V [E] idAPC G, GE L, GG (Niyo? O N, ) (5.296)
Orpencnnz (0, —2)|V [B] iFrr G GiY (Nipo CNg, ) (5.297)
OFLGRQVLNR(O’O) ZFLMVGRAPGR P (NRPO-MVVLT) (5298)
OFLFR VLNR(O O)‘ZFL'[LVFR,)\pFR, (NRPU/WVLT) (5.299)
O ez (0,=2) |V [B] P Giir s G (Nrpo C N, ) (5.300)
O g2z (0, =2)| Y [B] iFLuw Frrp P (Npo” CN g, ) (5.301)
5.5.2 Classes involving four-fermions
Class V3T D3: 42 types
VDK
0B o) i (@rgDuDyvrs) (unraCy” D*Nyy) (5,302
VL INRURUL (DHULT‘(ZCD VLS) (ﬂR;"YVD'uNRt)
i (NrpD, Dyut,sq ) (Ur2y”CDHD
;i7]%\7)RﬂRuLD3(O’ _2) Z( e o )ELRT’Y Z/Lt) (5303)
i (DR EDyursa) (Nrpy C D)
i (NrpD,D,ut,sq ) (Ur%y” D*N;
A o (0,0 |y P L ) @y DN (5.304)
RARERL i (Nrpy” D*Niy ) (Dyins Dy o)
; _abc V)i
0% b1 1) VI i€ (dhpaC DuDytnsc) (i ra O DNy (5.305)
L Yy [} € (D,udLrbCDl/uLsc) (deaC'Y DuNRt)
i€ (dLpaC Dy Dyursy) ( Nrry” DPdRite
052 s (L =D| (Bpa Dy Dy, ) (N D) (5.306)
RELREL 1€1%¢ (D,U,NRTDVULSIJ) (deaC’YVDMthc)
i (dr2D,D,ut,sq ) (e1,,Cy’ DFN;
2 a0 (0:2) ( 3 DpDuttn) (610 D" Ni) (5.307)
RELARTL ? (DueLrCDuuLsa) (ngVVD”NRt)
i (dr2D Dyuy,sq N Y DF
2 L pe(0,0)] DD )<7R T (5.308)
RERARAL | D/J,NR’I"DVULSG,) (dRZWVDMeRt
) D,Dyut,sq) ( Nr,v’CDH dyp,¢
0 02 (0.0) HepCDu Dy ) RO 1) (5.309)
LenNruL i(DNNRrDVuLsa) (DﬂdLgfweLp)
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1 (NRpDuDV VLS) (D'uﬂLngVqua)

o' (0,0)|" -
i (DytinraCDyrs) (Npy”CD )

VLNRuLﬂLD3

1 o Bl (TaDubun) (Furonms)
NZ2up,ay, D3\’ . — — _

RALAL Yy [] ? (D,UNRTDVULSQ) (NRp'VVCDMULg)
(1,2) ( 0) { (DuDVﬂRgdea) (ERT'YVDHNRt)
duer Nrap D322 220G (D e O Dyur®) (drpa CyY D* NRy)
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(5.470)

(5.471)

(5.472)

(5.473)

(5.474)

(5.475)

(5.476)



iFr*, (vLrCDyvrs) (VLpCyY Nry)
} 7 (VLpCI/L,«) FRMV (VLSC”)/VD#NRt)
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5.5.3 Classes involving six-fermions: %

Class ¥%: 64 types
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NRtULva) (ﬂdeLrb) (ERgCNRS)
) (@ngdia) (drgON )

NrsCNg¢ 8RgdLrb) (ﬂRZULm)
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y :, } eabe (NRSVLu) (drpaCdrr) (unecCvLy)

Yy _, ] € (v1,,CrLy) (NRsuLtc> (dr,paCdrrp)

=)
=

[] ebde NRudLsa

N—

- 112 —

(5.498)

(5.499)

(5.500)

(5.501)

(5.502)

(5.503)



:, eabe NdeLpa> (NthLrb) (ULucCrLp)

eabe NRtVLv) (NdeLpa) (dLrpCuLue)

[t 15 € (Nrevio ) (Nisdipa ) (drrCounue) (5.504)
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eLtCUva ddeLsa dRQCNRu
dRpeLt) (dLsaCuLwp) (dRECN R

(NRueLs> (ertCuLuva) (dRpceRr)
| (errert) (NRuULva) (dRpeLs>
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NRteLr) (uLuaCvLy) (drRECNRs
NRtVLv) (errCurua) éngCNng
NRSCNRt> (uLuaCrLy) (ERZGLT
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NRtCﬂRf}

ERTCHRZ) (NRtCﬁRg)

(éRtCﬂRf;)
(ertCury)
(ERZCéRt
Nr.Cur?
Nr.Cugs

eRtCURU

/\
v

(ERZ Cery

v

(5.510)

(5.511)

(5.512)

(5.513)

(5.514)



NRuCﬂRZ
NRuCﬂRi
C’NRU

€ace (dRZCdRr) drSdyp
pee (R gCaRL ) (drdiia
€ace (d 4Cdrb) (@ndiu)

Cdm) )

€bce ( Rysta
€bce deLm (dR CNRu) dRSCURU)
CdR,,; (drsdin) (NruCurs) (5.515)
)
(4

oU10 (g, 1)

d3 dLNRuR

] [f] [f] [f] [F]
Gl ECELE]

[ 6zJLce
[z
IF

0Cdg?) (urSdLs (dR§CNRu>
ddeLtb) drbCN R ) (drCTR
€ace (ArGCAR?) (drsdim) (NruCrs)
€ace (3RZC'3RT) (uRr G dr) (dR§CWRu)

erseLt) (ErrdLpa) (NRuCﬂR3>
errdLpa) <€RSCNRU,) (urgyeLt)
errCNRu) (dipaCers) (FrsCuint) (5.516)
erseLt) (CrRrdLpa) (NRuCﬂRg)
eRrrdLpa) (ERSCNRU) (urgert)

B (N RSVLU) (Errdrpa) (UREVLY)

4l (ErrvLu) NdeLpa) (Ur{vLY)

4l (ErrvLu) NRSVLU> (Ur{dLpa) (5.517)
5] (L C10) (@Rrdipe) (NrsCTRE)

Y (] (uCio) (Nisdip ) (@rrCing)

%NRtVLU> (ErrdLpa) (NRSCWRU)

€ace

]
.. €ace

N—

/‘\

(1~5)
dLéﬁeLNRﬁR

(0, _2)

I nnnmm
/—-\ /\

—

aa|

[=]

/\/‘\

NdeLpa) (ERTCNRt) (TriVLY)
Nrvio) (Nesdipa) (errCunt) (5.518)
M ] NRsCNRt) (ErrdLpa) (URGVLY)

NRtVLU) (NdeLpa) (errCuRY)

i (NdeLpa) (eRrCNRt) (NRuCﬂR3>
NRsC'NRt) errdlpa) (NRuCuRU) (5.519)
gNdeLpa) (eRrCNRt) (NRuCURv>
7] €abe (dRreLt) (ngCéRs) (NRUC’ER;:))
] ane (@rSens) (driCens) (dr2CNRy)
1| €abe (dRpeLt> <3RQCWRu (ersCURry) (5.520)
€abe (ERsCLL) (3}1;033?) Nr.CurS
€ate (FRsCNRw) (WRGers) (driCr?

I

<

[z
[z
[

%

(15)
dQRéReL NRﬂR

(—1,-1

< <
ER] 5]

37

- 115 -



:, €abe aR,lfVLu) (WRr{vLY) (ER;CNRS)
Ik Y] €abe NRs”Lv) (ERQVLu) (ERZCHR§>
[ &l €abe (VLuCVLo) (3R§CWRS) (ER?CﬂRf)
I I} €abe (NR l/Lu) (TrVLY) (ERZCER£>

l } €abe (VLuCVLy) <dRpCdR ) (NRSCﬂRg)

oura(—1,1)

d? 2V Vrur

%%%%%

V| [5]] €abe (TRGVLY) <dRpCNR ) (dR?«CNRt)
Y| I f5]] €abe (NRtVL ) (dRpCNR ) (ERgCﬂRZ)

O%:i)fvﬁﬁrt(_l’ - Y el I €abe (NRtVLU) (ERZCNRS) (aRQCﬂRZ)
Y [BE] €ave (Nrevio) (drpCnt) (NroCms)

Y| } €abe (NRSCNRIS) (UR 'y VLw) (3}1203}1?«)
Y , €abe (ER;%CWRS) (ER?CNRt) (NRuCﬂch;)
O;’ﬁg (_1?_3) T a YN T b N — ¢
2 N Y | 7] eave (ArGCNRs ) (drECNRe) (NruCns )
Y (25 €ate (NrsCrt) (driCitn? ) (NruCins)
Y [prrE] €% (ErtdLpa) (NRudLrb> (dr,scCvry)

N eabe (WRUVLU) (€rtdrse) (dLpaCdLrb)
Y eabe (éRtVLv) (WRudLsc) (dLPaCdLTb)

pEn} !} “ (ertdrpa) (WRudLrb> (WRvdLsc)
l} erbe (NRudLsc) (éRtCNRv> (dLpaCdLyrp)
N% 7} eabe (NRUCNRU) (ertdrse) (dLpaCdyLrb)
Y EE (Nruvro ) (drsaCdr) (ERgCERZZ)
Y BB (EdeL a) <3R stb)
y l stbCVL (ddeL a) <dR CNRu)
NRuVLv (dvs aCstb dR Cdg?
; (ddeL sa dR stb
stbCVL ) (ddeL sa (dR CNRu)
Nrudys a) (dLCriy) (dRpC'dR
drpCoie) (dridrsa) (drCN R,
(NRudL a) (dLaCvLy) (ngcaR
= ) (drgdisa) (dECNR.

o~ (1,-1)

d‘EeRVL NR

y

Ol (1.73)

NRuVLv

(1~10)
O o s (0:0

~—

Gl EF
[2]  []
(=] =]
’—\/—\/—\

E]
gl

[~]e]
—~

dripCrrye

- 116 —

(5.521)

(5.522)

(5.523)

(5.524)

(5.525)

(5.526)



o~ (o, —2

72 42 N2
deLNR

~—

O(1N5) (

drdrérervr N

(1~5)
JRdLéRELNé

o4~ (0,2)

drdpvi Ng

(1~5)
Otz iz (0:0)

0,0

(0, —2

Y BB } (NRvstb> (ERgdLsa> (ERQCNRu)

Y |, 12, } (NRvstb> (3RZdLsa> (ERQCNRu)

Y B 58] (NeuCNro) (dLsaCdin) (drgCdr?)
Y |2 EL | (VruCNRo (3RZdLsa> (ER?stb)

Y e 516, ko] (NrRuCNRo ) (dLsaCdre) <ER§CER?)
Y [l 515 ] ( NRuC'NRo (aRgdLsa) (ERgstb>
Y\ e, WRudLsa> (WRvstb) (3R203R2

Y |B e NRvstb) (3R§dLsa) (ER'Z;CNRU

Y |z £ WRudLsa) (NRvstb) (ngﬁch,lZ

Y | £ WRualmb) (aRgdLsa) (aR?«CWRu

(ersert) (NRUVLU) (aRgdLra)
(eLtCrLy (ERSCNRu) (ngdLra§

—_— =

~—

)
(NRuVLv> (dLraCert) (driCers
(eLtCVLv) (NRudLra) 8RZC’éRs
(ersVLv) (NRudLm) (ERgeLt)

y NRveLtg EeRSCNRu) (drgdira

V|| (Nroewe WRudLm) (ERgcéRs

y NRudLra) (éRsCWRU> (ERgeLt

Y [aw] (NruC'Nro ) (Ersert) <3RZdLm

Y [unl] (NruC'NRro) (drraCery) (ERgCéRS)
n (NRSVLU) (diraCrrLuy) (ERZVLt>

(7] (uCre) (Nrsve) (dngdira )

| (YLuCrLy) (dLraCrre) (ERZCWRS)
_575 NRSVLU,) (NRH/LU) (aRgdLra)

iﬂ éNRtVLv> (dLraCrLy) <ERZCNRS)
i) (MLuCrne) (NthLra) %cleCNRS;

~—

[t]u]

v

o

[[=]

[=]e]

LS LK<

BTk [ (NRtVLv> (dLraCrLu) (drECNRs
[7 ] (VLuCVL'u) (NRSCWRt (aRgdLra)

Y (NRUVL’U) (NthLra) (ERZCNRS)
o520 2|3 1] (NesONie) (W) (e
rdLrLNg Y [E7] (VrsCNre (NRuVLv) (ddeLm
Y WRuVLv) WRtale) (3R§CNRS
002 0, || (VeCWno) (W) (dr5ONws)
! y (NRSCNRI‘/) (NRuCNRv) (ngdLra)

- 117 —

(5.527)

(5.528)

(5.529)

(5.530)

(5.531)

(5.532)

(5.533)



O(1~3) ( 1, 1)

d} eLvr, Ny

O(IN?))NQ

o~ (0,0)

2 2
66LI/N

(1~5)
Oz (02

(~3)  (0,2)

EREL VE Nr

(1~5)2N2 (0,0)

ERELV] IV

o~ . (0,-2)

ereLvL NG

O 44 (0,4

( 17 _1)

L
Y[R

[2ET=] €abe (ERgeLt> (ERguLv) (ER%WRU)

: €abe (WRUVLU> (8R§6Lt) (ERZCERfZ)

B €ane (ereCrre) (drgCdnt) (drSCNRu)
(5725 ] ane (dngens) (d2CN Ry ) (dRECNRy)
9,2 eare (Nrverr) (drgCin?) (drsCNRy)
_7] €abe (NRUCNRU) (ERgeLt) (ERgCER?)
Y -a (€érpers) (errert) (WRUVLU)

Y -’ (€rpers) (eLiCrry) (€R CWRU>

Y :’ (Erpews) (eLiCrry) <€R C’NRU)
Yy _, (erpCery )(NRueL ) (ertCriy)
Y [, 51l (ensCere) (€rpCery) (NRWLU)
Y :’ [ } (erpeLs) (WRveLt) (eR CNRH)
Y _’ ’ (NR“CNRU> (érpeLs) (ErreLt)
Y (B o, | (erpers) (NRveLt> (ERTCNRU
y i’ 2Ll (ErpCery) (WRueLs) (preu
N%
Yy
Yy
Yy
N%
Yy
Yy
N%
Yy

(<‘<<< C < <

1, 512, tal] (eLsCert) (BrpCery) (WRUCWRU)

(ErpVLt) (WRSVLU) (eL-Crry)
(rLuCrLy) (ErpeLr) (NRSVLt)

i (vLuCrry) (eL,rCrry) (éRPCNRS)
:v (ERpeLr) (NRSI/LU> (NRtVLU)
_’ (NRtVLv> (eLrCrLy) (éRp(]WRS)
’ (VLuCriy) (NRteLr) erpCNRs
i7 (NRH/L”U) (e Cvry) (ErRpCNRs
(o1 ) (L Co) (NroC'NR: ) (ERperr)

N (NRteLr) (NRUVL’U) (ERpCNRs>
Y WRSCNPJ) (erpeLr) (WRWL@)
Y ) (NRuVLv) (ERpCNRS>
(NRtCNR ) (NRUGLT) (éRpCNRs)
(NR CNRt) (NRuCNRv> (erperr)

Nrievr

OVENR(OA)LV ] (LsCrt) (VLuCrLe) (NRpVLT)

0(1 2)

4N2(0 2

, } (vLtCrry) (NRpVLS> (WRTVLU)

Y |l } (VLSCVLt) (VLuCVLv) (NRPCNRT‘)

- 118 —

(5.534)

(5.535)

(5.536)

(5.537)

(5.538)

(5.539)

(5.540)

(5.541)

(5.542)

(5.543)



N} 0)

L R
042,0,-2)” E !
Y|

2 (WRpVLt) (NRTVLu) (WRSVLU)

y I
} (vLuCrLy) (NRpCNRr) (WRSVLt)

} (WRpCNRr> (NRSVLU> (NRtVLv)

,} (YLuCr1p) (WRPCNRT> (NRSCNRt>

04,530~ [F] (NasCWnr) (WO 1) (Wan)

05 0.0 [ (V1,0 ) (Wi C¥1) (i)

5.5.4 Classes involving six-fermions: ¢4¢T2

(AB, AL) = (0,0).

(1~4) ) 2(0 O)

v, NRUg uf,

(1)
]\_/R,NR’I]RU%’EL

(1~4)
dL RNRURUL

ou~ (

dre RNRULUL ’

o4~ (0,0

dLeLNR’LL%’l_LL ’

o (0,0)

VLNRULUL

(0,

2(0,0)

0,0)

VB E] 7roNrw) (ursaCurs) (argCunt)
2L (PLoNRu) (ﬁRZULsa) (UR?ULtb)

ol G0 (VLo VRu) (ULsaCurLm) (URZCWRQ)
) 6T (Lo NRw) (URPUL a) (ﬂRfuLtb)
(ur,spCur,ta) (ULvNRu) (NRpCﬂR?)
(WRPUL b) URyULta (ULUNRu)
aTe] (uLspCuLta) (ULUNR ) (NRpCﬂR?)
o) (NRpUL b) URSULta (UL NRu)
sl (uLspCuLta) (dLueRv) (NRpC'ﬂR?)
(NRpUL b) URSUL ta) (ELZERU)

| (ursbCurta) (szeRv) (WRpCﬂR?>
] (NRpUL b) (URFuLta) (ELZGR )
(uLspCuLta) (uLveRu) (dRpCNR )
(NR ULta) (ULgeRu) (dRpUL b)

i (uLssCuLta) (ULZGRU) (3R$CNRr)
(NR uLta) (ULgeRu) (3RZUst)
NRreLp) (up,saCurw) (dLiCTLY
NRr“Ltb% (eLpCursa) (dLiCTL}

EI=)
[~]=]

y
y

—_— =
]

<

[+]e] [oe]

0)

<

==
£ &

<

<
[le] [=e]

< <
Bl el
[

<

<
[[e] o]

<

EE

<
=[] [=]«]

Y[ (Nrrewp ) (unsaCurw) (dLiCur},
Y 51 NRruLtb) (eLpCursa) (dLiCTuLY

~ — ap— b
Ve | ( Nrpurra ) (unssCrie) (g Clury
~ — ap— b
V|| (Nrptvra) (unssCrie) (ULgCuLy

y
y

) (i) (000 (200
I’ } (NRPULW) (ursCrLe) (ﬂLZCﬁLg>

—
o 5]

- 119 —

(5.544)

(5.545)

(5.546)

(5.547)

(5.548)

(5.549)

(5.550)

(5.551)

(5.552)

(5.553)



erer v, NRuURur, ( ’ )

Y (eLuVRw) (ﬂR?dea) (TrSuLw)
1~d = — a — ¢
OélLéLEVRﬁ%{uL(()?O) Y (eL“NR )(uRerpa) <uR5uLtC)
Y [z (BruVew) (Tnldip ) (TR 5uLn)
Y [5] (eLuNRw) (TR dLpa) (TR SULC)
Y |l (drubC' Nro) (ﬁRguLm (erpCuRy)
Leod — b ~ e a
OElRéR)NRﬁQRuL(O’O) Y (dRuwaC Nro) (URSULtb (erpCuRy)
Y [15] (drRubC' NRw) (u ULt ) (ErRpCURY)
Yy [] (dRuaCNRv) (U sULth eRpCﬂR?)
Yy (NRucuva) (u sULta NRpCHR?
i 000 [E] Nt () (Np
" Y 5] (NRuCurws) (u Yurta ) (NrpCur?
YV 5] (NRuCURva) (u burep ) (NrpCUr?
(VLo NRw) ddeLrb) (URSULta)
Ogb:ii)DLNRﬂRuL(O?O) (ﬁLUNRU) ddeLTa) (uRSULtC
(7LoNRw) (dLrCuria) (drgCURS
(TLoNRw) (dLraCurie) (drECURS
(errdLpa) (ULGNRY) (URsuLtb>
0(1“_“4)]\[ ~ ~ (0 0) (éerLpa) (’LL NRu) (u uLtc)
ren N e (é ruLtb) (u (u dea)
( ruLtc) (udeLpa) (u UNRU)
Nrrdrpa ) (dL%Nroy (URSULtb)
((11}43\7 v (0,0) Nrrdipa ) (dLSNry ) (URSUL)
v NgruLp (ELZNR’U) ( dea)
Nrrurie ) (Ur%dipa) (dLuNRv)
(eRuCURwb) (URsuLta drACNRy
;1N4)N (0,0) (eRuCURva uRguLtb drjCNRy
R ruLta eRuCUva) dRpCURs
NRruLtb (eruCuroa) (drECTRY
(dRubC'Nro) (URguLta driCNR,
((1’1:14)1\7 o (0,0) (dRuaCNRv) URZuLtb drC'NRy
B NRruLta (dRubCNRv) drgCuR}
NRruLtb (dRuaCNro) (drGCURS
(1,2) (6RpeLr VLvNRu) (ﬂRguLm)

(TLoNRu) (enrCurta) (ErpCTRY)

- 120 —

(5.554)

(5.555)

(5.556)

(5.557)

(5.558)

(5.559)

(5.560)

(5.561)

(5.562)



Ngrerp (dLuuRva) (TrSurLw)
o~ (0,0) Nrrevp) (URSuLta) (dLuuva
dpep, NRurugruy, * __
NRT“Ltb) (Trgerp) (dLuURva
NRTULta) (urgerp) (dLuUva
(1,_2) B ) (0 0) (NRreLp) (eLuNRv) (ﬂRguLm)
eLeLNeNrtn (LuVRw) (NRTULta) (TrgeLp)
) (0,0) (erRuCNRov) ERpCNRr) (Tr%ur,tq)
eren N N in o (eRuCNRv) NRruLta) (éRpCﬂR(sl)
(urspCrre) (ULUURua) (NRpCUR?>
(1~4) (0,0) (unsaCr1t) (ULSURuC) (NRpCﬂR?)
v, NRUR uUR UL UL, )
NRpUst> (UrpvLe) (ULvuRua>
NRpuLsa) (U rVLt (U uRuc
(urLssCrt) (dLvdRua Ng,Cug®
O(lf\'fl) _ (0 0) (ULsaCVLt) (d dRuc NRpCURr
deLVLNR’l_LR’uL ’
Rpust) (u rVLt ( Rua
puLsa) (URTVLt (d dRuc
O(l,?) o ( ) (E vERu (uLsaCVLt ( CUR?)
ereLVL NRURUL (éLveRu (NRpULsa) (H VLt)
(17?) _ ~ (0 0) (VL’UNR’U/) ULsaCULt) (NRPCURT)
v1./L Ve N R (VLUNRU) (NRpULsa) (URTVLt)
O(}f) ) (0 0) y [ } NRuCNRv) (NRT‘ULHZ) (NRpCﬂR(;)
Nz NZugu ’ _ _’
R Y [, 5] (NruC New) (NepC Ry ) (R 8ur)
NRS'“LM) (WLZNRU> (3RZdLrb)
(A~4)_ 0,0) NRS”UC) (ERgdLra) (L5 NRu)
drdy, NR Nruy,ug, >’ __
ULUNRu> (drrCurta) (dRZC'NRs)
(UL NRw) (dLraCuLic) (dRZCNRs>
NRrsurta (dLueRv) (dRZdLrbg
(1~1)
JRdLCZLeRNR’LLL (07 0)

)

NRsuLtc) (ddeLra) dLyeRrv
aLzeRv (
(

dLrpCuLta) (dRECNRs
dLr‘a CULtc) ngCNRS

szeRv

- 121 —

(5.563)

(5.564)

(5.565)

(5.566)

(5.567)

(5.568)

(5.569)

(5.570)

(5.571)

(5.572)



y
(1~4)
dLJ%eLNRuL < ’ O) Y
Yy
Y
(1)
OdLJLVLNRuL’ELL (07 0)
Yy
(1~4)
OJQR,dReRNRUL (0,0) Y
Yy
Y
(1)
OdReLNRuRuLuL (0’ 0)
(1~4)
drdrdrer, Nrup, (0’ 0)
(1,2)
OJR,GReLéLNRUL( )
(1,2)
OJRGLDLNRNRUL (0,0)
(1,2)
JR5R62RNRUL (0 0)
(1~4)
JRdRVLNRUL'aL (07 0)
(1,2)
Od_ReRllLDLNR’U,L (0 )

ENRsuLta

(
(
(eL
(e

(
(
gN suLtb

(urLsbCre

NRT dea% (UstCVLt

NRT dea

NRrrvt

Nrrvit) (dupaCursy
(dea CUst) dLuCﬂL%

)
)
) (d

dLZCULU
dpb Cup?

CELZ

NrsuLw dRpeLr> (ULZURW>

dRpeLr) (WL URue)
eLrCurp) (ULvuRua) (ER;%CWRS)

[mm] NRsuLtb) (drpaCerr) (dL2CdLY
NRSdLm) (eLrCup)

NRS”Ltb) (drLpaCerr)
NdeLpa> (eLrCurp)

dpeCdy?
dpeCdy?
dpeCdrb

€L CULt(z) (u uRuc) (ERZCNRS>

NRsuLta
errCur) (d vdRua

€Lr CuLta (dLydRuc

LveRu) (eLrOuLta)

(vaNRu) (WRSULM
(ZLuNRuw) (eLrCuLta (aRgCNRS)

—~

T

(
¥

eLr) (dLnguag

(d eLr) (dLvdRuc

CNRS
CNRS

(ERZGLT>

UL sa CVLt) (ﬂLnguc) (ERgCNRr

NRryvt

t\

NRTVLtg nggust) (ﬂLngua)

aRZUL sa (ﬂch;dRuc)

veRu) (UL saCVLt) (ERg CNRT’)

LveRu) (NRTVLt) (aRguLsa)

- 122 —

|

|

(NRsuLta> (drubCery) (ERZCERQ
2| (drupCero) <ER£ULta> (ERgCWRs
] (NretiLta) (druCery) (drgCir!
| (drubCero) <3R?ULm) (ERZCNRS

Yy [] (eRuceRv) (NRsuLta) (ERZOERT)
Y [z (eruCen) (rruria) (drgCNRs )

urssCVLt) (ﬂLngua) (ERZONRT)

(5.573)

(5.574)

(5.575)

(5.576)

(5.577)

(5.578)

(5.579)

(5.580)

(5.581)

(5.582)



(1,2) (0,0) N% { (eruC NRy) (NRsuLta) (ERgCNRT>
Iner N2 u ) S — .
i RNRNR b y [} (eRuCNRv) (NRsuLta> (ngCNRT)
(1,2) y } (NRseLp) (errCurta) (ELZCéLv)
JL€2(§LNR’U,L(O70) g — = 4
L Yy [] (eLpCCLT> (NRsuLta> (dLuceLv)
(12) (0,0) (ErpeLr) (NRsuLta) (WY NRw)
eren NN o <€RpCNRs) (errCurta) (ULyNRu)
(1.2) (ErpeLr) (NRsuLta) (ELZGRU)
drérerer, Nru (0’0) _ ~ —
PERTRELIRAL (eRpCNRs) (errCurta) (dLZGRv)
(1,2) B (0 0) NRreLp ULsaCVLt) (EL’U,CHL%)
eréLv, Nrupag, * NRTVLt (eLpCULsa) (ELuCELg)
(1,2) NRreLp (ursaCrit) (driCrrLy
dy.ervr, iy, Nru (0’0) — —
FELTLIL AR NRrVLt (erpCursa) (dLECTLy
o2 0.0 Yy {] (NRreLp) (NRSULta> (ELZNR’U)
dier, N2 Npur, (0,0) — — —
Y [15] (NRreLp) (NRsuLta) (dLuNRv)
(L2 (0,0) ERpCNRr) (uLsaCrLe) (TLyeru)
erervrL, Nrurar, * ’ NRTVLt> (éRpuLsa) (ﬁLgeRu)
N u O
l(}Q,;ENRuLaL (0’0) Yy { (NRpVLs) (UiraCVLt) (ULUCVLU)
L Y [sra] (vLsCrne) (NRpULm) (uryCrLy)
(1,2) Yy [} (NRrVLt> (NRpuLsa> ULy NRru)
VLN2NRu uy, (0 0) - — N
Y [z (NrpCNrr ) (unsaCre) (@4 NR)
(1,2) (0,0) Yy [} (NRTVLt> (NRpuLsa) (ELZ@’R@>
Irervr, N2u ’
duenviNg Y [ (NRpCNRr) (ur,saCr1¢) (dLueRv)
Yy (eerLpa) (NRuCUva (URSCUR?)
EllL;i)JVRaQRuR,(O’O) Y Bl (NRuCurws) (udeLpa) (er+CuRry)
Y 511 (Brrdipa) (NRuCurws) (URSCUR?)
Yy [] (NRucuva) (udeLp(z) (eRTCUR?)
Y |l e (uRuaCurws) gURSVLt; NgrpCury
Oz(/ijviz*? 2(070) Y |sh | (URuaCuro) ur’vie) (NrpCurd

Y [, ] (URuaCURwD) (URSVLt (NRpCURr)
Yy [, ] (URuaCURwD) (URZVLt) (NRpCURr)

- 123 —

(5.583)

(5.584)

(5.585)

(5.586)

(5.587)

(5.588)

(5.589)

(5.590)

(5.591)

(5.592)

(5.593)

(5.594)

(5.595)



y (eLuNRv ddeLrb) (uthLsa>
31;‘21)7 oo (0,0) Y |E| (eLuNr ddeLm) (Trfdrse)
R ELINRUR
‘ y[] (eLuNRv) ddeLrb) (uthLsa>
Y [] (éLuNRv) 8RgdLra) (HRgdLsc)
y (deaCdLrb) (ELZNRv) (éRsCﬂR?)
((;’;,4)_ v (0,0 (ersdLpa) <3LZNR1;) (Ur{drrp)
LERIVRUR g
- Y o) (dipaCdrrp) (dLZNRu) (ersCuRryY)
Y [z (Rsdipa) (il Neo ) (Fridr)
(dRuaC'NRw) (ddeLrb (eRSCURt)
) ()| (dRueCNgw) (dRgdira) (rsCTRS)
R (dRuaCNRv) (UthLr (d CeRs)
(dRucCNRv) (uthLra) (dRpCERs)
(NrRuCURwa) (ERgdLrb NrsCur}
6(21;4)N Nea (()7()) (NRucuva) (aRgdLr(z NRsCﬂRg
A (NruCURva) (ﬂRgdLrb dr3CNRs
(NRUCURUC) (ﬂRgdLra) (ER;;CNRS>
(1,2) (ELuNRfu) (éerLpa) (UR?eLs)

OdéeéNﬁ(’O)* = — a
LERCLELARYUR (eLuNRU> (deaceLs) (6R7‘CUR7§>

0(17?2) ) (0 0) Yy [l} (eRuCNRv) (éerLpa) (éRsCﬂRg)
dLeReRNRUR y [] (eRuCNRv) (éerLpa) (éRsCﬂRg)
(1,2) (7LuNRw) (€RrdLpa) (GREVLE)

OdLéRI/LDLNRﬂR( ’0) = . 7. a

(eRrVLt) (VLUNRu) (udeLpa)

0(172) o (0 0) Yy [} (NRUCNRv) (éerLpa) (NRsCﬂRg>
dLer Ng N2ag \ — L
PSRRI Y [l (NrwCNro) (NRsdipa ) (@R CTing)

Ngrdipa (ﬂRZVLt> (8LZUva)

o~ (g 0) Nrrdipa ) (GrIvLe) (dLSURve
deLl/LNRuRuR g b —

NRrrvLe (udeLpa) (dLZUva)

Nrrvne) (Ur2dipae) (dréuruve

ot (0,0 )( LulVRo) NerLpa) (TrlvrLe)
dpepv, NR NRugr (ELUNR’U) NRTVLt) (ﬂRgdea)

Y [l

o™ (0,0

dReL NRURUR

0l] (URuaCURwb) Edﬁzemg ENRsCuRf

Yy [] (uRuaCUva) uRteLr dRZCNRs
YV M| (uRuaCurwb) dRpeLT NrsCug?
Yy (uRuaCUva) uRteLr dR CNRS

- 124 -

(5.596)

(5.597)

(5.598)

(5.599)

(5.600)

(5.601)

(5.602)

(5.603)

(5.604)

(5.605)

(5.606)



TR vt ) (dRuaCures) (dRECNRyr
(~4) (0,0) RSt ) (dRuCuRva) (dREC N Ry
deRVLNRﬁRuR ’ g — b
NRrrvLt (dRuaCUva) ngCHRg
Nrrvne) (druwCurva) (drECTURS
O(l,?; ) (0 0) Yy [:| (éRpeLs) (dRuaCNRU) (ERTCHR?)
dReReLNRuR y [] (éRpCéRr) (dRuaCNRv) (ﬂRgeLs)
(1,2) B (O 0) (éRpeL’/‘) (NRucuRva) (NRSCHR?)
éreL NR NRURUR * (ERpCNRs> (NruCunrva) (TrerLy)
(12) (0,0) NRreLp) (CLuURva) (URSVLE)
eLen Ntnn NRTVLt> (ELuURwva) (URGELp)
L2 (0,0) éRpCNRr> (eruCURva) (URGVLE)
ererVL, NRURUR * ' WRTVLt) (eRuCURUQ) (ERPCHRS)
12 (0,0) éRpCNRT) (dRuaC Nro) (URSVLE)
drerv, NR NRUR * NRrVLt) (dRuaCNRv> (éRpCﬂRg)
(1,2) N [} (NRpVLs) (vauRua) (HR?VLt)
1/217LNR’ELRUR(O’O) — Ve — a
b Y [l (vLsCrne) (PLotRwa) (NRpCURr)
12 (0,0) Yy {] (WRpVLs) (ELvdRua) (URGVLE)
dreérv;i Nru ’ _ ~ — a
RAARIT Y ] (s Coe) (Prodiue) (NrpCuint )
(1.2) (0,0) Y H (NRTVLt) (NruCURva) (NRpCﬂR?)
v, N2 NRagu ’ —— ~ — a
LR NIRRT Y [z (NRpCNRr) (NrRuCURwa) (TREVLE)
y -7 (vaNRu) (dLsaCstb) ERZCERg
g
~ o1 1 (55 J_.a J.b
O%d‘g)%NR(o?o) Y B 5| PLoNRra) (ddeLsa) (dRrElLtb)i
Yy [a} (vLUNRu) (dLsaCstb) (dRZCdquZ>
Y [a} (vaNRu) (ERgdLsa> (ERI;stb)
V|| (ertdrsa) (HLZNRU> (aRgdLrb)
) 0.0 [E] e (drgidra ) (5 Niw)
Y [1=] (ertdLsa) (ﬁLgNRu) (dRZdLrb)
Y [z (Ertdyse) (ERZdLra) (L5 NRu)
Y ENthLsa> (szNRv§ éngdLrbg
(1~4) 1l (Nridrse ) (dr%drra ) (dLS Nro
JndiJLNRNR(O’O) Yy RtdL )( RpdL Ly VR

y [] NthLsa) (aLZNRv ERgdLrb
Y [ NthLsc) (ERgdLm di.; Nro

- 125 —

(5.607)

(5.608)

(5.609)

(5.610)

(5.611)

(5.612)

(5.613)

(5.614)

(5.615)

(5.616)

(5.617)

(5.618)



Y (Bl )| (Nrsdipa) (duCrie) (driCdL)
OE;;;DV 3., (0,0) Y e [ (Nrsdipa ) (drnCrre) (dugCdy
Y [l wl] (NRSVLt) (dLpaCdyLrp) (dLZCdLE’,)
[l U} (NRSVLt> (dLpaCdyLrp) (dL Cdm)
(NthLsa) eRuCUva) (dRpCERr
z%?li)eRNRuR(O’O) Y (BRuCUva) (ngdLsa) (aRgCNRt
: Ve (NthLsa) (eRuCURwb) (dRZCdei
Y [ (eruCurwp) (ngdLsa) <3R20Nm
Yy (NthLsa> (drubCNRw) (ngCng;
~ a g b AT
O vy 0:0) ¥ [E] Vi) (i) (Vi
' Y [ (NthLsa) (dRubC Nro) (dRZCdR?
Y [ (drubC NRo) (3RZdLsa) (ER?CNM
(1,2) (ersert) (PLoNRw) (ERZdLm)
OJdéeDN(O’O) =
ROLERELIL TR (7LvNRw) (dLraCert) (dR$C€Rs)
Nreevs ddeLrb) <dLuuRva
21';42 & ( ’0) NRteLs ddeLra) (d wURwve
A NthLrb) (ER;;eLs) (dLuURva
NthLra> (dRpeLs) (dLuUva
(1,2) (NRt6L5> (eLuNRv) (ddeLra
deLeLeLNRNR ELuNRv) (NthLra) (aRgeLs
(1 2) ( ) (eRuCNRU) CRSCNRt) (ERgdLra
drdiérer N Nr (eRuCNRv NthLra> (ERgCERs
NRrsvLi ddeLrb> (ﬂLZURua)
a~) o oy (VRstLe ddeLra> (UL URue)
deLVLNRuRuL( ’ ) — J—
(dLrCrLt) (ULUURua) (ngCNRs)
(dLraCvLt) (ULGURC) (aRgCNRS)
NRrsvLt ddeLrb> (ELngua
((1’1:14)(1 o< (0,0) NrsvLe ddeLm) (aLnguc
A (dLrCrLt) dLvdRua drC'NRs
(dLraCVLt) (dLydRUC aRZCNRS
O(l 2) ( ) (é UeRu) (NRSVLIS> (ERgdLra)
drdperér vy, Nr (éLveRu) (dLmCVLt) (ERZCNRs

- 126 —

(5.619)

(5.620)

(5.621)

(5.622)

(5.623)

(5.624)

(5.625)

(5.626)

(5.627)

(5.628)



(NRSVLt) (Lo VRu) (ERZdLra)
(ZLvNRu) (dLraCrLt) (ERgCNRS>
Y ] (NeuC o) (Nredira) (drGCNR )
Y [518, ko] (NruC NRo) (NRSCWRt (ERgdLra)
002 (0.0 [ Eroere) Crrdipe) (miNR)
drerer Nr, Y [=] (Brsevt) (ErrdLpa) (ULGNRw)
WRtBLs> (Errdipa) (aLZNRv)
ERTCNRt) (dLpaCevs) (ELZNRU)

o2 (0,0)

drdpvLvL, Nr Nr

(12)
Oy w2z (0, 0)

o2 (0,0)

deLeReLNRNR

(1,2) (NRSVLt) (dipaCeryr) (drLiCery
deLeLeLVLNR (eLrCriy) (NdeLpa dLCey,y
012 (00 T30 e (115 )
‘ ' (ErrvLt) (NdeLpa> (ULYNRu)
Oéls)e o (0,0) (NRSVLt) (€rrdipa) (dLleRry
FOLERERILAR (ErrvLt) (NdeLpa) di%eRy
0(1,2) ~ (0 0) Yy {} (NRT'VLt) (deaCVLs) (éLuCHL?;)
dLéLIJQNR’l_LL ’ T — —
L Y 1) (vLsCrne) (NerLpa) (ér,Cur?)
(1,2) N [ (NRT‘VLt) (deaCVLs) <ELZC§L1))
OdLJLIJQI_/LNR (O’ O) — — .
LR Y [17] (vLsCrne) (NerLpa) (dLZCVLv)
012 (0,0 [ (Nnorte) (Nisdign) (15 0)
R Y 1= (NRSVLt) (NerLpa> (dLZNRv)
y ENRteLs) (dRuaCuRwb) (dRZCdR,Q;
Ot 0.0 ] () i) (1
y [] NRteLs> (dRuacuva) (ngCdRr
Y el ERzeLs) (dRuaCuRwb) (ERchRt
Y |2, | (dRuaCdrub) EdR?VLt; ngCNRs;
@%;@VLN (0,0)|Y ] (druaCdron) drlvre dr;C N
Y [, ] (NRSVLt) (dRuaCdrub) (dRZCdeﬁ)
Y [5h] (Nrsvie) (drueCiran) (drpCn?)
012 (0,0 [ (Fuete) Eumen) (djer)
B Y =] (NRtBLs> (CLuURva) (da,‘;em)
(1,2) NRteLs) (eruCURva) (aRgCERT’
Oczéee]vu(o’o), ~F =
RERTRILTRTR €RrCNRt) (eRuCURwa) (ngeLs

- 127 -

(5.629)

(5.630)

(5.631)

(5.632)

(5.633)

(5.634)

(5.635)

(5.636)

(5.637)

(5.638)

(5.639)

(5.640)

(5.641)

(5.642)



(1,2) i NRteLs) (dRuaCNro) <ER“C€R7~

OdeRéReLNRNR (O O) éRrCNRt (dRuaCNRv) (C§RZ€LS
12 (NRSVLt) (VLvURua) (ER%LT)
dReLVLl_’LNR“R(O’O) (errCury) (U vuRua)( pCNRs)

(1,2) (N VLt) (CLvdRua) (dR eLr)

OdeReLeLVLNR(O 0 (eLrCrrt) (€LvdRua) (dR:CNRs)

(12) Yy H (NRteLr) (NrRuCURva) (dRaCNRs)

OdReLN&NRuR(O? K Yy [} (NRSCNRt) (NruCURva) zngeLr)
(1 2) (N VLt) dRuaceRv) (ERSCERT)
deReReRuLNR (é VLt) (dRuaceRv) (ER;;CNRs)

012 y [ (NRrVLt) ("LvdRua) (ER?,VLS)
deRVEVLNR y el (vLsCvnt) (PLodRua) (ER;;CNRT‘)
a2 y H (NRSVLt) (eruCURva) (ER?,CWRT)
drenv Nyun y [1=] (NRSVLt> (eruCURva) (ERZCNRT)
(1,2) 0 Yy H (NRSVLt) (dRuaCNro) (ER$CNRT>
deRVLNQN (0 ) y [] (NRSVLt> (dRuaCNRv) (ER;)LCNRT)

+[e]

Y [BE] Erpevs) (@rrers) (FroNaw)

Y [e 517 (ensCert) (ErpCerr) (VLo NRu)
Yy {} (ErpeLr) (WRteLs) (ELZUR'UG,)
V[ (erperr) (NreeLs ELZURUG)

042 (0,0)

egei 'LVr

o2 (0,0)

dLeReLNR UR

(1,2) Yy [} (Erperr) (WRtGLs) (éLuNRov)
éREQéLNRNR <O O) AT —
N Yy [] (eRpeLr) (NRteLs> (eLuNRv)

O(l 2) (0 0 {l } eLuceLv> (NRseLp) (eLrCVLt)

e2e2y

Létm.Nn Y o, wlel] (enpCerr) (LuCery) (NRSVLt)
012 (0,0) y {} (erpeLs) (eRuCNRy) (ERTCNRt)

reneL i y [] (éRpCERr) (NRteLs> (eRuCNRv)

(12) ( 0) (éRpeLr) (NRSVLt) (ﬂLguRua)
erervrL, NRugruy, * ' (CLTCI/Lt) (éRpCNRs) (HL%URUG)

(enperr) (Nrovie) (diidn)
( )

(1,2)
° 00 eLrCrLy (eRpCNRs) (aL%dRua)

drdiérerLvr, Nr

~—

PeLT) (é veRu) (NRSVLt)

oD (g q)® t)
(ELveru) (ernrCrry) (éRpCNRS>

ererereLVL, Nr

- 128 —

(5.643)

(5.644)

(5.645)

(5.646)

(5.647)

(5.648)

(5.649)

(5.650)

(5.651)

(5.652)

(5.653)

(5.654)

(5.655)

(5.656)

(5.657)

(5.658)



(erpeLr) (NRSVLt> (VL NRu)

(TLvNRu) (eLrCrry) (ERpCNRs>

Yy [, } (NruwCNry) (WRteLr) (ERpCNRs)
Y [0 6] (NruC Neo) (NrsCNRe) (@rpers)
y {I] (NRTVLt> (erpCris) (eLuCrLy)

Y 5] (vLsCrne) (NRreLp) (eLuC7Ly)

Yy Nrrerp) (NrsvLt ) (AL URva

Y [[I}]<(N Ry €L3) ((NRSVL2)<<dLZURw>>

y [I] (NRreLp) (eLuNRw) (NRSVLt)

Y 1) (NRreLp) (LuNRw) (NRSVLt)
{I } (eruCery) (ERrVLL) (eRpCNRs>

Y [ )] (eruCerw) (ErpCERyr) (NRSVLt)

y {] (ErplLs) (NRTVLt) (ULSdRua)

Y 5] (vLsCrie) (éRpCNRr> (UL dRua)

o2 (0,0)

ereLVLVLNRINR '

(1,2)
OéReLNE{Né (07 O)

o2 (0,0)

€L€LV VLNR

o2 (0,0)

dLeLVLN2 UR

od  (0,0)

er,eL VL, NI%LNR

04? (0,0

eReRVLNR

o2 (0,0)

dreérvy NriL

a2 y{! erpVLs) (PLueRw) (NRTVLt)
ERERVLVLNR y [o1e] (vLsCrnt) (PLoeru) <€RpCNRT)
(12 Yy M (NRsVLt> (eruCNRrw) <€R CWRr)
ERBRVLNIQ{NR(O ’ y[ (NRSVLt) eRuCNRv (efijNRr)

0,52 Ny (0,0)‘32 [, } (vLsCrLt) (PLuCPLy) (NRpVLr)

0(127%)2 ) y [a} (NRpVLs) (NRT‘Z/Lt) ULUURua)

MLNRURTL Yy [7 ] (VLSCV t) CNRT) (uLguRua)
0(17%) » (0, N {7 ] (NRpVLs) (NRTVLt) (dLvdRua>

I Ve Y e 1] (vnsCrie) ( NrpC'NRy (aLngua>
0(1:2) 2 (0,0) [l l} (ELveru) (NRpVLs) (NRTVLt)

RAMLTR Y o, 51} (vnsCrne) (NRpCNRr> (ELveRwY)
O%}QN?{NR 7 Yy [, ] (NRpVLS) (NRTVLt)(VLUNRu)

Y [, 517 (vnsCrne) (NRpCNRr) (7LvNRu)

O g (00| [ 5] (VuONio) (N O ) (Wi

- 129 —

(5.659)

(5.660)

(5.661)

(5.662)

(5.663)

(5.664)

(5.665)

(5.666)

(5.667)
(5.668)

(5.669)

(5.670)

(5.671)

(5.672)

(5.673)



(AB,AL) = (0, £2).

~—

O~ (

=2
drer NRURU{,

(1~4)
JLBLNRﬁRU%

O(1N4) (

1Z% NR'ERU%'EL

(1)
DLNR{LRU%’ELL

L) (

drer, NRUiaL

(1)
Z/LNR’E%{URUL

0,2

(O?

0,2)|Y

(07 _2) Y

0,2

0,2

Y\ mr| (NruC'NRow) (UnsaCuLs) (ERZCURZT’)
Y BB e (NrRuCNro) (ﬂRguLsa) (ﬂRl}ULtb)

Y (e, 618, il (VRuwC NRo) (v saCurin) (ER§CER?)
Y [l 510, le]) (NruC' NRo) (ﬂRZuLsa> (ﬂRguLtb)
Ve (eRuCNRv (uLsaCurm) (dRpCURr)
y eRuc’]\va (dRpuLsa> (uRruLtb)

y e] (eruCNRo) (uLsa CurLsp) (dR CURT)

Y [ (eruC'Nro) (ER;ULsa) (URruLtb)

Y uLspCuLta) (URyeLp) gszNRv%

~—

<<
)=

(
(eLpCUst) (ﬂRgULta) EL’ZNR’U
| (uLsbCuLta) (UryeLp) EszNRv§

| (erpCursp) (UrCuLta) (ALY NRo

=[] [=]=]

2)

—_ =
o] []
=],

<
[15] [=5]

(uLsaCvLL) (ELZNRu (ﬁRZqub)
(uLscCrit) (ﬂRZULm (L5 NRu)

o] (unsaCrvie) (0 N ) (Trgus)

5] (unseCvLe) (URZULm (L5 NRu)
(urspCuLta) (NRpCﬂR?) (ULuCVLv)
(NRpust) (TRfULta) (ﬁLuCVLv)

Y 1) (urnspCurea) (NRpCﬂR?) (ﬁLZC?Lv)
Y [rz) (NRpust) (TRSULLa) (ULZCPLU>
(uLspCurta) (ERgeLT ur Nry
(eLrCurta) (ﬂLSNRu drgur,sp

o] (uLssCuLta) (ngeLT; EuLgNRu;

7] (eLrCutia) (ELZNRU
Yy 7 7 Nrpursa) (Nrruvw ) (@20uL},
Yy ,, Nrptuvsa) (NrruLw ) (280’
Y (o G0, ] (NRpCNRr) (ursaCurs) ELZCELZ)
[,, } (NRpCNRr> (ursaCursp) (ﬂLZCULZ)
V2] (unsaCvLt) (NRuCURwb) (ERZCﬂRg)
Yy (NRuCUva) (URguLsa) (HRgzth>
Y [ (vnsaCvie) (NRuCuron) (URSCHR?
Y [z (NruCurwb) (ﬂRguLsa) (ﬂR?VLt)

y
y

=)

=)

y

=[] [se]

B

y
y
y
y

N—
[+]e] [+]e]

—
(]

dRrpuLsb

—
]

~—

~—

- 130 —

(5.674)

(5.675)

(5.676)

(5.677)

(5.678)

(5.679)

(5.680)

(5.681)



(1~4)
VLNRU URUL,

(0,-2)|Y

(TLoURwb) (URSULta NrpCury
(TLyURua (u surw ) ( NrpCuRs
Y [15] (Trourw) (TR Ung ENRpCURg;

NRPCHR;Z‘

Y [=] (PLoURua (URSULtb
UR

Y| (ervdrus) ( burta) (NrpCur?
51174)];, L (0,-2)|Y [ (Prvdrua) (u bures ) ( NrpCur?
RELNRUR UL — .
Y 5] (BLvdrus) (u sULta ) ( NrRpCURY
Y [15] (ervdRua) (URSULtb Ng,pCur?
Y [l (NRuC'Nro) ddeLrb) (URZULta>
@é;i)jvﬁﬂRuL(o,z) Y [ (NrRuCNro) (drSdLra (ﬂpiguuc)
Y [ur] (NruCNro) (dLreClura) (driCURY
Y [] (NRUCNR’U) (dLraCULtC) ERgCﬂRg
(urspCrre) (ELZNRU> (ﬂRﬁdea)
o~ (0,2)| (UurscCrLe) (@R dLpa) (ELENRU
dydpv, NRugug, *
( LuNRv) (URTVLt) (dr,paCursp)
(TrfvLe) (dLuNRv> (d1,paCutse)
NerLpa§ (URZULtb) (erL.Curl)
O 0, Vo) () )
NRrruLp ( dea) (erL.Cury)
NRruLtc (u dea) (eLuOuLv)
Ngrdipa (URSULtb) (ELZC?M)
(lAi4) _ 0. -2 NerLpa (U ULtc) (dLuCVLv
deLﬁLNRaRuL( ’ ) ___
Nrrurp (u dea) dLuCVLv)
NRruLtc (u dea)( VLU)
(NruCuRwb) (ngeLT) (u Ung
03] ()
(eLrCuLta) (NruCurow) (driCURY
(NruCuRua) (eLrCurp) (driCURY
(uLsaCre) (dRubC NRow) (drLCTRY
(9(%1;4) o (0,2) (dRuaC Nro) (uLspCrLe) (drACTURY
RARVLIVRURUL
(druvC NRo) (dRpuLsa) (URTVLt
(dRuaCNR'U) (URTVLt) (dRpust

- 131 -

(5.682)

(5.683)

(5.684)

(5.685)

(5.686)

(5.687)

(5.688)

(5.689)



(vadRub) (URSULta dRPCNRT
(I~4) ) (0,—2) ("LvdRua) (URSULtb dRPCNRT (5.690)
drdRr V1, NRUR U1, (NRrULta) VLvdRub) dRpCURS
(vadRua) (NRruLtb) 8RZCER2
012 0,2) Y [ (NruC Nro) (€rperr) (EREULMZ . (5.691)
ereLNZtRruL \ ' [] (NRUCNRU) (GLTCULta) (6RpCURs)
€ saC u ge .
0D (02| here) (s o) (et (5.692)
eLeLvLNRURuL A 2 (B Ny ) (er,Cursa) (URVLE)
_ — —_a
0(172) C(0,-2) NRreLp> (eLuCPLy) (UESULM) (5.693)
ey, e,V NRURur, WRruLta) (ELuch’U) (uRgeLp)
saCvrt) (ErpCURY)
00D 0y (eruCNRo) (uLsaCr1t) ( Ry (5.694)
erervLNRURULYD 2 (ep O NRy,) (BrpuLsa) (TREVLE)
éRpCNRr (ﬁLngua) (ﬂRguLtb)
o0~ (g 9| (erpCN Ry ) (WRSuLia) (TLidRuc) (5.695)
drer NR iR L, WRT’UJLtb) (ﬂLngua) (ERpCHR(sl)
NRT”LM) (LGdRue) (ERpCURY)
0(1,2) ~ (07 _2) (vaeRu) éjipCNRr) (ﬂRsliLtz) (5.696)
ererVL, NRURUL (ﬁLveRu) NRT“LtG) (ERPCURS)
O(l,?) ) (07 2) N [} (vaNRu) (quaCVLt) (uRpVLs) (5.697)
AN ] (aCne) (PN (s )
0(172) (O _2) Y [] (gLuchv) (uLsaCVLt) (NRPCER2> (5698)
I/LDENRTLRUL ’ Y [ (VLuCﬁLv) (NRpuLsa) URTVLt
Y [ar] (NRuC Nry) (uLsaCrre) (NRPC“RT) (5.699)
o2 (0,2) _
VLNR N uruL Y [arel] (NrwC Nry) (NRpuLsa) UR; VL)
y NRruLtb> (ULUURua) (NRPCHR(SI>
O(};ﬁl) ~ (0, _2) y NRruLta) (ULUURUC) (NRPCER? (5700)
NEURURULUL y[] NRpONRT (ﬂRguLtb) (ELZURUG>
Y [z (NrpCNRr ) (TRSULL) (TLGUR M)
Yy NRr“Ltb) (dLnguag NRpCﬂRg
0(1@4)727 (0, -2) y NRruLta) (defiRuc NgpCuRS (5.701)
drdy, Nj urur, Y 5] (NrpCNro (dLZdRua> (Ur%urw)
y[] NRpCNRr (ﬂRgULta) (aLnguc)
00 (g g [E Croen) (Nrruwes) (NR”C;"RS) (5.702)
eRéLNﬁuRuL y [] (NRpCNRT) (ELveRu) (uRsuLta)

- 132 —



oH (0,-2)

VLNF%NRUR'U‘L

Yy ] (7LoNRw) (NRruLta> (NRpCﬂRg)
y [] (NRpCNRr> (PL'UNRU) (URguLta)

Y _ (eruC'NRro) (dLsaCur ) <3R$CERZZ>
(f)%;é)SRNRuL(o’Q) N% (eruCNRry) (ERZdLsa) (EREULtbz
Y (2] (eruC Niw) (drsaCur) (drgCdn?)
Y [ (eruC Nro) (ERZdLsa> (ERgULtb>
(eLsCuLta) (dLZNRvg ng;dLrbg
Oty 02| (O 120) () (AN
driers) (ALl Nro) (dLpCuria)
EngeLs; Ed v) (drraCuric)
(uLsaCrrt) (uLUNRu> ddeLrb>
10 000 ; it
(drrCrLt) d pULsa ULUNRu>
(drraCrit) (UL NRu) dRpULsc
NRSULM> (ddeLrb (ULuCVLv>
t(i;;i)ﬁLNRuLﬁL (0, -2) NRsuLtc) dridira ) (ULSCPLY)
(dLryCuria) (dRGCNRs (ULZCTLU)
(dLraCuric) (dRECNRs ) (ULSCPLY)
Y [are] (Errdipa) (NRsuLtb) gULuCUng
fle;?NRuLu? (0,-2)|Y [] (WdeLpa)léRruLtb) Lt Cur )
VM| (ErrdLpa) (NRsuLtb) uCu)
Yy (NdeLpa) (ErruLLh) EULZCULg
Yy ” Nrrdipa ) (Nrsunw) (dp2Cur}
itk 0 )Y gng Nusuia) (400
Y=l (Nrrdipa ) ( NrsuLw ) (diiCur,,,
Y [ ENerLpag gNRsuLtb dLZCUng
Y || (eLsCuLta) (dRubC Nrow) <ER$CER?)
ine o, 0.2)| [E] (GO (diere) (ki)
Y ezl (eLsCurta) (drubC NRo) (dRZCdRIT’)
Y [z (drubC NRrow) <8RZBLS) (ERZZULm)
OB 0y B ) Bt
Y [1=]] (BLuNryv) (eLsCuLta) (dRZGLr)

- 133 -

(5.703)

(5.704)

(5.705)

(5.706)

(5.707)

(5.708)

(5.709)

(5.710)

(5.711)



(’)(_1’2) 0,2) (eruC NRry) (eLsCurta) (dRpCéRT) (5.712)
dreérerer, Nrur, (eRuCNR”U eRruLta (ngeLS)
(1,2) (0,2) (7LoNRu) (uLsaCrLe) EngeLr (5.713)
drervLip, Nrup, \ (vLUNRu) (CLTCVLt> (dRZuLSG«
(12 (g o Y [ (PLuCPLy) (N Rs“”@)( 6”) (5.714)
drer 2 Nrup, ' Y ] (PLuCrLy) (eL-Curta) ( CNRS)

o2 0,2)Y ] (NruC'NRo) (N RS“W) (dRPGLT) (5.715)
drer, N NZup V"’ y [] (NRuCNRv) (eLrCULta) ( CNRS)
(1.2) 0.2) (erRuCNro) (uLsaCrLe) (ERWNRT) (5.716)
drervy, Ng Ngup, (WRTVLt) (GRUCNRv) (ngULsa)

v NRsuLtb) (HLZde) (ERZCNR’“)

o (0.-2)9 [E] (Nrounea) (@) (drpCNw,) (5.717)

drdr N upar, y [] NRsuLtb) (ULvdRua> (dRpCNRT)
Y 151 NRsuLta) (ULS R uc) (dRpCNRT)

(1,2) (0, —2) Y |: (VLveRruw) (NRsuLm) ( CNR"’) (5.718)
drerip, Niug bY% [] (VLveRu) (NRsuLta> (dRpCNRr)

012 0,2) y [ (€rperr) (eLsCuria) (dEZNR”) (5.719)
dréref Nrur Y [ (erperr) (ensCuriq) (dLZNRU>
(1,2) (Erperr) (ULsaCrre) (Ui Nru) (5.720)

Oé;;eLVLNRULﬁL(O’ 2) (eLrCrit) (ERpULsa) (ULE NRu)
- 0,2) (erpeLr) (WRSULm) (uLyCrLy) (5.721)

OéReLﬁLNRULﬁL ’ (ngCNRS) (eLrCuria) (uL4CTLy)

O(}Q) ) (0’2> WRreLp) (uLsaCVLt) iLuNR” (5.722)
dreLv, Nr Nrur, NRT’”Lt) (eLpCuLsa) (dLE NRy

oL 0,-2) Y [} (NRreLp> (]\iRsuLta) (eLuCuLy) (5.723)
eLeLNgurir Y [55] (NRreLp) (NRsuLta) (eLuCury)
a2 g gy H (NRTQLP) (]E““Lm) (d}uCPL”) (5.724)
dLeLDLN}%“L ’ y[ ] (NRreLp) (NRsULta) (dLZCgLv>

0(172) B [ } (NRsuLta) (éRPC@{T) (ﬂLgeRu) (5.725)
ERBRNI%ULUL y [ﬂ] (NRsuLta> (ERPCNRT> (ULgeR")

e ) (2] (Frovie) (uireCrne) (@ Ne) (5.726)
VENRNR“LUL Y @) (vsCrvie) (Nrpurra ) (g Nru)

- 134 -



o2 , y [} (NRpVLs) (uLraCrrt) (ELﬁeRv)
duenvg N, (O 2) Yy [] (VLsCVLt) (NRpULm> (aLzeRv>

O s (0,-2)

1ZNZM NI:Q{ULU

Yy [l} (NRrVLt) (NRpULsa> (U Crry)
Y [z (NRpCNRr) (ursaCrre) (Ut CoLy)

O g Npupar, (0 ‘y [ (NRpCNRr> (NRsuLta) ULy Nru)
Odpennzuy, (0, ‘y [} (NRpCNRr) (WRsuLta> (ELZQRU>
(NerLpa) (ELuURwD) (HRZCHR?
| (PLuurwp) (UdeLpa> (NRTCURt
[sTe] (NerLpa) ELuURwb) (URSCURt
[s[t] ( ( dea) (NRT‘CHR?
( RPCNRT) dRuaCUva) (HR(;CERQ>
(dRuaCurwp) (ERpCTURT) (NRT‘CHR?)
I (eRpCWRT) (dRuaCuRwb) (URSCHR?)
Y [ (druaCurws) (ErpCURS) (NRTCURQ’)
y 7 7 (uRuaCUva) NRpCﬂRg NRTCER?I?
o3 (0, —2)|Y B 61, [ (4RuaCurws) NrpCur?) (NrrCur)

3

<

HH ([ ]
JasT

o~ (0,-2)

dLeLNRu%{uR

==

eLuuva)

y
ot (0,-2)|Y

dRéRNRﬁQR’uR

[+]e] [~]e]

<
T
[=]

2222
e Y o), B wnl] (NRpCNRr> (uRuaCuRwD) (ER?CHR?)
[,, } (NRpCNRT) (URuaCURwb) (ER‘SLCWR?>
Y || (drLpaCdrre) (NRSCﬂRg) (ELZC'ELU>
O\t i 02| [B] (Ve (i) (2,
Y [ (dLpaCdrry) (NRsCﬂR?) (dLZCELv>
Y [ (WdeLpa) (urfdrrb) <3LZC€LU)
(NRuCURva) (URSVLt) (ERgdLrb>
e e N
(NruCURrva) (dLrpCrLt) (drpCUR,
(dLraCrt) (NRuCURwe) EdRpCUng
(VLvURua) (ERgdLrb NgrsCug}
Oz(i;i)z‘/LNRﬂRuR(o’_% (VLvURuc) (aRgdLra NRSCU/Rt
(VLuURua) (HR?dLrb rRyC NRs
(VLuURuce) (ﬂRdem) CNRS)

- 135 —

(5.727)

(5.728)

(5.729)
(5.730)

(5.731)

(5.732)

(5.733)

(5.734)

(5.735)

(5.736)



(éLvdRua) (ddeLrb NRSCER?

(1~4) _ éLvdRuC) dLra NRSCHRC
O ey ey N 0 ~2) (7 (4 e (5.737)

(eLvdRua) (uthLrb dRpCNRs

(ELvdRuc) ( dLra) (ERZCNRS)

(172)72 _ (O, _2) Yy [] (eLuCEL'L}) (deaceLr) (NRSCER%I> (5738)
e Niwtin y[ (eLuceLv (N dea) UR?GLT‘)
L) (0,2) Y [aw] (NRuC'NRo) (ErrdLpa) (URSVLE) (5.739)
dLéRyLNg{GR ’ [ (NRUCNR’U) (eRrVLt) (udeLpa)
(éerLpa) (ﬂLguRub) NRSCHRQ)
0(154)* ) ) (07 _2) (eerLpa (uLvuRuc NRSCURt) (5 740)
dLSRNRuR’lLRUL b .
Nrsdipa ) (Uriurup) eRrCURt)
deLpa uLvuRuc) echuR?)
(éerLpa Ed dRubg NRSCURb>
(1"’4) e rd a di.td ue NRSCUR
deLJLéRNRﬂR(O’ _2) t Lp t t> (5.741)
Nrsdrpa) (dLidru (echuRt)
NdeLpa dLvdRuc (éRrCUR?)
o4 (0,2 (i) (Nos O ) (5.742)
LERERELARYR (ELveRu) (NdeLpa) (ERrCﬁRg)
O(l’?)_ B ) (0’ ) ( NRu) (EerLpa) (NRSCURg) (5743)
er N Nrtin ( LUNRU) (NdeLpa> (éRrCﬂRg)
o1 (0. [E] ) O s -
LELPLTRER y [] (VLSCVLt) (éLuNRU) (uerLpa)
N erLuCrLy) (U ?
Oc(ll,?) o (0,-2) ﬁR'r’dea) (eLuCrry) (UrSVLL) (5.745)
LOLVLEL AR NRTVLt) (eLuCTLy) (UR2d1pa)
y gNRTdea dLZUvag WRSCHR?)
(1~4) _n|Y N rALpa d zuva NRSCURG
dy dy, V2 g (O~ 2) e A ot tb) (5.746)
y[] NerLpa dLuuva NRSCURt)
y[] NerLpa ELZUR’UC NRSCUR;?)
= N N T
O o (0.-2)7 ] i) (W) (NivsCo) (5.747)
FELTRTRER Y [] (éLuNRv) (NerLpa) (NRSCHR?>

- 136 —



Y [ (druaCiln) (dnfCer, ) (NRSCUR?S
e _ — b
O (0,~2)|Y [ (dRuaCiray) (drjCN RS)(QR’“CUT (5.748)
RAR ERVRUR y (dRuaCldro) ngCERr> (NRSCHRt
Yy (dRuaCdeb) aRgCNRs) <ER7”CHR?
Y [21] (druaCuron) dR;;CNRr% NrsCtin}
s S o — b
et (0,-2)| Y [E] runCunea) (dr5CNRr ) (NroCrnf (5.749)
drdr Ng urur y [] (dRuaCUva) ERZCNR’/‘ NRSCﬁng’
Yy [] (dRubC’uRm) 8RgCNRr NRsCﬁRg
e N C'U/Rva) (ﬂngLt) 5.750
(1,2) (eRpeLT)( Ru R i (5. )
OEReLVLNRﬁRUR 0,2) (eLrCrint) (NRuCURva) (ERpCURS)
0(172) (0 _2) (éRpeLr) (?LvuRua) (NRSCHR?) (5.751)
ereLVL NRURUR (TLotiRa) (éRpCNRS) (ﬂR?eLr)
o2 (0,-2) (erperr) (ELvdRua) (NRSC:L/LRt) (5.752)
dreérerer, NRUR ( dRua) (eRpCNRS) (uRt eLT)
(1,2) (0 _2) Yy [} (NRreLp) (éLuuRva) (W:{SCHR?) (5.753)
eLeLNQ'u,Ru ) Y [] (NRreLp> (éLuuRva) (NRSCHR?)
(L2) (g, —2) Y [} (ERPCNRS) (druaCero) (ERrCURY) (5.754)
dR,ézReRNRZ_LR ’ y [] (éRpCERT) (dRuaCeRv) (NRSCHR§>
(1.2) 0.2 Y [ (erp¥Ls) (ARuaCNRo) (URGVLL) (5.755)
drérvi Ngig ' Y [] (VLSCVLt) (dRuaCNRu) (éRpCﬂRg)
w2 g)|(PLvdRua) (erpCN s ) (A1) (5.756)
dRéRVLl_/LNRuR <NRT‘VLt) VLvdRua) (éRpCHRg)
ot y [ﬂ (eRpCNRr) (eRuCURva) (]VRSCURta) (5.757)
eReRNRuRu y [715] (eRpCNRr) (eruCURva) (NRSCURt)
12) (0 ) Y {} (eRpCNRr> (dRuaCNRv) (NRSCURt> (5.758)
STy ] (e, C V) (dRuaC o) (No O
012 (0,2) [ (N RP”LS) (NruCtRva) (ﬂﬁg”“) (5.759)
v2 Ng NRigug * [] (VLSCVLt) (NRUCURva) (NRpCﬂRg)
(1,2) (0,-2) [} (NRrVLt) (VLvURua) (NRPCURS) (5.760)
VDL N URuUR \ [] (NRpCNRT) (yLvURua) (ﬂR?VLt)
12 (0 _2) [} (NRTVLt) (éLvdRuCL) (NRPCERS> (5761)
dRéLllLNgﬂR ’ [] (NRpCNRT> (ELvdRua) (HR(SIVLt)
N N N URr 5.762
O 02 ] (T ) OCona) (Vrt) 570

- 137 —



Y BB mm| (NrRaCNro) (drsaCdL) (aRZCaR?)
Y b am| (NrRuC Nro) <8RgdLsa) (ERgstb)

Y o1, G wlel]l (NVRuC NRo) (dLsaCdL) (ER;‘?CERIT’
Y e, G0 @l (VRuC Nry) <3R$dLsa> (ER?stb)
Y[} (drsaCrie) (ELZNRU drgdyrb

Y |E| (drscCrit) (ERZdLm di§ NRy

Y [l (dLsaCrt) (ELZNR’U dridry

Y [zl (duseCrie) (ERZdLm i, Nro

(1~4)
Oz (2

~—

(5.763)
)

(1~4)
(iRd%JLVLNR (0’ 2

~—

; (5.764)

y éNthLsa) (ngdLrbg (éLuCﬁLg)
it i, (00 —2) [ [ (Ve <df“gd““ (eLuCiLy) (5.765)
y[] NthLsa) (dRZdLrb (éLuCﬂLZ)
Y [ NthLsc) (ER;dLm (eLuCuLy)
Yy ENthLsa) (aRgdLrb dib,Cvp,
ot o (0 =2)| Y Nisdve) (drdira Iu Oy (5.766)
V51 NthLsa) (ddeLrb dp b Co,
y [ NthLsc) dLra 8LZC’gLv
Yy (eRsCNRt) (drpaCdr,pp) (dL$CﬁLZ>
(1N4) u S a N T urb
Bt g, 027 [ oo ) (Vi) (d:077) . (5.767)
Y [ (ersCNRe) (drpaCdr) (dsCut)
Y [ (ErsdLpa) (NthLrb) (ELZCﬂLf;)
Yy ,, NRsdipa ) (Nredim ) (dLeCdrl
0;”;,243\72 (0, —2) |V |2 B Nrsdipa) (Nredir) (dLoCdr}, (5.768)
LR Yy nlllll (NRSCNRt) (dLpaCdrrp) (dLZCdLZ)
Y [ 2] (NrsCNRe) (dipaCelim) (dL5CdLL)
Y [E (dusaCert) (NruCurwb) (3R$CER?)
(1N4) N u v sa dgr?
Bt 02|V L[] (AruCuma ) (A (dnrer) (5.769)
Y [ (dLsaCert) (NruCurwb) (dRpCdRT)
Y [z (NruCurwb) (dRZdLsa) (dRreLt)
Y || (dLsaCrit) (dRubC Nrov) (ER(;CERI;>
(1~4) ] dridysa) (dr?
O(i‘?RdeLyLNR(O» 2) |V [B] (dRubCNRo) (dRPdL )(dﬁTVLt) , (5.770)
Y 2] (drsaCrnt) (dRubC NRo) (ngCdRr>
Yy [] (dRubCNR’U) (ERgdLsa) (ERQVLt)

- 138 —



V2] (Nedrsa) Prodra) (dRZCdei;
a I 0ON
oL o (0,-2)|Y [B] PLodruw) (o) (dlf’”CN,Rt (5.771)
TN Yy [] (WthLsa) (vadRub) (ngCngg
N [] (ﬁLvdRub) (ERgdLsa> (de’CNRt
(1.2) (0,2) | 1) (i C o) (Eser) (ngd““) (5.772)
e NGy ] (V€ No) (diraCen) (@r3Cens)
o012 (0,2) (ELuNRv) (eLsCrLe) (dgﬁdm (5.773)
drdrerervr, Nr (ELuNRv) (dLmCVLt) (ngeLs
00:2) o (0,-2) Nriets) (@1,C710) (di‘gd”“ (5.774)
drdyerer v, Ny NthLm) (ELuCﬁLv) (ngeLs
(1.2) 0,2) (ersvrt) (eRuC NRo) (dR?idLm) (5.775)
RN g ONy) (draCor) (drjCens )
€RsCNRt ddeLrb) (ULvdRua>
U~d) g g ersCNRy ddeLm) (UL dRue) (5.776)
drdrdr,er Nruy, NthLrb) (ULvdRua) dRpCBRs)
NthLra) uLvdRUC ( CeRS)
0 (g gy|(Proema) (eroCNm) (A (5.777)
drdy.erer i Nr (TLverw) NthLm) (d 4Cers
(1.2) [ ] VLUNRu dLraCVLt) (ﬁiRgVLs) (5.778)
deLVfDLNR y o) (vLsCrnt) (PLoNRw) (ngdLm)
00D (o, o) (7ruCrre) (Nmaone) (dejinr) (5.779)
drdpvLvf Nr y [] (ﬁLuchv) (dLraCVLt) (dR(plCNR5>
o2 (0,2) Y B (VO (Nrovie) (drgi ) (5.780)
iy NV 5] (NuC Nio) (draCe) (drCNRs)
Yy WthLrb) (ﬂLguRua> (ERZCNRs)
ot~ (0,-2)|Y [ (Frudira) (@gune) (dnpC ) (5.781)
drdy, Ngurur y[] NRSCNRt ngdLrb) (HLZ’UJRMQ)
Y 5] (NrsCNRry ERgdLra (ULGUR uc)
y WthLrb> (ELngua drjC'NRs
a0 g _9)|V B (Nredire) (415 dmue dryCNRs (5.782)
drdrdrdLNg y[] NRSCNRt ERgdLrb> <dLngua§
y[] NRSCNRt ERgdLra) (dLngUC

- 139 -



N% {] (CLueRu) (NthLra> (8RZCNRS>

(1,2)

_ _9 '\ v
JRdLeRéLNPQ{ (07 ) y[ ] (NRSCNRt) (éLveRu) (ddeLTa>
(1,2) (0 2) y [} (VLUNRu) <NthLra) (ER§CNRS)
A1 NN Y [l (NRSCNRt) (VLo NRu) (ngdLra)
(1,2) 0,2) (eLsCvLe) (ErrdLpa) ?LZNRU

Ode_LEReLZ/LNR ! (ER'I’VLt> (deaceLs) dLZNRU

(1,2) 0,-2) NRteLs) (errdLpa) (ELuCTULY)
OdLéReLéLNRﬁL( ’ éRT‘CNRt) (deaceLs) (éLuCﬁLg)

(1,2) (0,-2) NRteLs> (errdLpa) (aLZ?ﬁL’U)
Ode_LEReLl_/LNR ! ER’I‘CNRt) (deaceLs) (dLZCULU)
01:2) (0,-2) N {I] (NRteLi(NdeLpa) (dLuceaLv)

duduereLVg Y [zl (NRSCNRt) (dipaCerr) (dLuceLv)

(1,2) (0, —2) Y [I:| (eerLpa) (éRSCN;Rt) (ULyeru)
OdLé%eRNRﬂL ’ Y [1:1] (BrrdiLpa) (éRsC'NRt) (Uryeru)

(1.2 [! (@rrvLt) (dLpaCVLs) (ULy NRu)

e Ny, (02 Y [a12] (V1sCvt) (ERrdLpa) (TLENRY)
LS el Y PRt
R A el P
Oht0 -9 [ St () fhene)
U 02 ) BT O (i)
Unsin 02 B o etk s

a2 (0 =2) i [J<(NNR;;L;)) ((]zvvl'lddLLp)) <(d;LCCLL))

OdLJLNgNR (0, —2)‘3’ {} (NRSCNRt) (NerLpa) <3LZNRU)

— 140 —

(5.783)

(5.784)

(5.785)

(5.786)

(5.787)

(5.788)

(5.789)

(5.790)

(5.791)

(5.792)

(5.793)

(5.794)

(5.795)

(5.796)

(5.797)



) wl| (dRuaCdrop) (dryCNRs ) (drRECNRy
(9%;‘21)]\_[2 (0,-2)|Y ,l el (druaCdrob) driCNRs) (dr2CNRy
RYR'R J.aryj.b
S o] (NrsCNi ) (druaCdn) (drgCin?)
[77 } (NRSCNRt> (dRuaCdrob) (3RZCER?)
O v 0, [H Frret) VnaCunea) (dngevs)
L Y [] (eLsceLt) (NRucuRva) (ngCéRr>
(1,2) 0.9 (eLsCvLt) (dRuaCNRo) (ER?)C€RT>
JRdRéReLVLNR( ) ) _ G a
(rrvit) (drRuaCNRo) (dRpeLs)
0(7112) ~ (0 _2) (NRteLs) (vadRua) (aRgCERr
drdreéreLvr, Ngr * (vadRua) (ERTC’NRt aRgeLS
o] T o
R SRR (e, O g) (NruCimoa) (drgCN R )
) (0,—2) Y [} (NRteLr) (VLvURwa) (aRgCWRs>
dreL VL N ur y [] <NRSCNRt) (?LUURUQ) (aRgeLr)
(7172) _ (0. -2 y |: (NRteLr) (ELvdRua) (aRZCWRs>
deReLéLNI?{( ’ ) — —~— _ = a
Yy [] (NRSCNRt) (eLvdRua) (dRpeLr)
(1,2) ) (O 2) N {} (ERTCNRt) (dRuaceRv) (ERZCWRL@)
nnenen Ny Y [=r (NRsCWRt) (dRuaCerv) (3R$C€Rr)

(1,2) (0,2) Y [ (N rVLt) (eRuCURva) (ERgVLs)

neng N Y [Eral (vLsCrie) (eruCurva) (ER?;CWRT>
12 Y {} (NRTVLt> (dRuaC'NRro) (dR VLs)
it 2 Con) (V) dpfchRr)
(1,2) 0,2 Y {] (NRSVLt) (VLvdRua) (ERZCWRT)
deRVLVLNZ( ) Y [ (NRSVLt) (VLvdRua) (ERI%CNRT)

Od‘ReRNguR ) ‘y [} (NRSCWRt) erRuCURva) (ngCNRr)
OJRdRﬁgNR 0,-2) ‘y [] (NRSCNRt) (dRuaC' NRry) (ngC’WRT>
)

O(; 3 ) (0 2 [I l :| NRuCNRv (eRpeLs) (eRreLt)
VR y [- [r]; [sTt], [u] -] (eLsceLt) (NRUCNRU) (6RpCéRr)
0(1 2) y [:| (eRpeLr) (éLuNRv) (eLsCVLt)
ere? eLuLNR(O 2) _
b y [] (eRpeLr) (eLuNR'U) (eLsCVLt)
Oélfgé . (O, _2) Y [} (ERpeLT) (W::LteLs) (éLuCﬁLv)
ROLIL LR Y [] (éRpeL’r) (NRteLs) (ELuCﬁLv)

— 141 —

(5.798)

(5.799)

(5.800)

(5.801)

(5.802)

(5.803)

(5.804)

(5.805)

(5.806)

(5.807)

(5.808)

(5.809)
(5.810)

(5.811)

(5.812)

(5.813)



002 (0,—2|” [ ] @uCern) (Nnsery) (Nasewr)
o Y [ 6o kel) (enpCerr) (BLuCery) (NRSCNRt)

(9(1 2) (0,2) Y {] (erpeLs) (ErrvLt) (eRuCNRy)
exereLvL NR Y [] (éRpC€RT) (eLSCth) (eRuCNRv)

o0 oyl [ ) () e
. Y [er] (erpCeryr) (NRteLs) (WLGdRua)

002 o |V [E] @rvere) Groena) (e CNe)
€RERELVLIVR

Y [ (erpCery) (NRteLs) (TLveRw)

Y (B @rpvis) ProNea) (enrCrve)

o . (0,2)
Y 512 (vnsCrne) (Erperr) (TLoNRw)

eReLVEVLNR

Y [l (PLuCPLy) (ErpeLr) (NRSVLt)

Oparnszy 0 —2) Y
Y [nl] (PLuCPLy) (en,Crre) (ERpCNRs)

éReLVLEENR

(1,2) ) (O 2) [] (NRUCNR’U) (éRpeLr) (NRSVLt)
ren NNy Y [arr] (NRuwCNro) (enrCrie) (éRpCNRs)
ot o2 B ) ) e
FELTRAREL Y 52 (NRSCNRt) (Erperr) (TLYURYa)
(L2 g _9) N { (NRteLr) (5RpCNRs) dLgdRua
dnduener N Y [6r) (NRSCNRt) (erperr) (dLldRuq
0(172) _2(0 _2) Y |: (ELveRu) (NRteLr> (ERpCNRs)
ererererV, ) — - _ .
RERTLL TR Y 52 (NRSCNRt) (Erperr) (ELveRw)
O(l 2) (0 _2) [ (NRteLr) (ﬁLvNRu) <€RpCNRs)

eReLVLN2 Nr

Y
Y [5r) (NRSCNRt) (erperr) (TLovNRu)

Ly y [ﬂ (NRTVLt) (eLpCris) (dLuURva)
OdLeLVLNRuR(O, g Y s (vLsCre) (NRrBLp) (dLuuRva>
(1,2) Yy [ (eLuNRov) (NRTVLt) (eLpCris)
ELELVLNRNR(O ) Yy [] (vLsCrrt) <NRreLp) (eLuNRv)
12y oY [} (NRreLp) (NRSVLt) (eLuCrLy)
OeLéLuLDLNé’(O’ g Yy [] (NRreLp) (NRSVLt) (eLuCTLy)

OJLeLNguR(Oa —2)‘3) [} (NRSCNPM) (NRreLp> (ELZURW>
OeLéLNI?SLNR(O’ _2) ‘y [] (NRSCNRt> (WRreLp) (EL”LLNR”L))

— 142 —

y [, -} (eruCero) (eRpCNRs) (ERTONRt)
y [77 ] (eRuceRv) (eRpceRr) (NRSCNRt)

(5.814)

(5.815)

(5.816)

(5.817)

(5.818)

(5.819)

(5.820)

(5.821)

(5.822)

(5.823)

(5.824)

(5.825)

(5.826)

(5.827)

(5.828)
(5.829)

(5.830)



i Yy [ (ErpVLs) (NRTVLt) (eruCNRrw)
e N -2 Y 5] (vLsCrit) (eruCNRro) (ERpCNRr) (5.831)
12 oY [} (NRSVLt) (éR CNRT‘) (LydRua)
OdRéRVLNl:Z{'EL (07 2) y [] (NRSVLt> (elprNRT> (ﬂLngua) (5832)
O(l 2) , . N |::| (VLveRu) (NRSVLt> (éRpCNRT)
enenin Ny (0 2) Yy [] (VLveRu) (WRSVLt) (éRpCWRT) (5‘833)

Oening (0, =2)|V [F] (NroCNR: ) (eruCNio) (erpCNRy) (5.834)
O, Ny, (0:2)|Y [E] (v1.5Coe) (Nrprr ) (@ 8umua) (5.835)
O gy v 1 (052) ‘y {} (vLsCrre) (NRpVLr) (aLngua) (5.836)
OeReLysNR (0,2 ‘y [] (vLsCrit) (ELverw) (NRpVLr> ( )

(5.838)

0 g 02 [ 00.00) (Vi) i)

09253 52 (0.-2) [ m9] 1) (Nrpvis) (N (5.839)
L y [a [s[tl ] (VLSCVLt) (NRpCNRr> (gLuCﬁqu)

O3z (0.2) [ o] (Veu i) (N ) (W) (5.840)
LI [t 1 5] (NRuC' NRo) (v15Ce) (Nrp O )

OVLN3uRuL 0 -2 ‘y

—

} (NRpCNR ) (NRSVLt) (TLURa) ( )
Oy nz (0, =2)|Y [ } (NRpCNRr) (NRSVLt> (ELngua> ( )
Onernnz (0,-2) |V ] (NrpyCNRy ) (rocra) (Nrovie) (5.843)
(5.844)
(5.845)

O, o, 53 N (05 2)‘3’ ] (NRpCNR'r) (NRSVLt> (7LoNRw)
ONéNI% (07 _2)‘3) 7:| (NRUCNR’U) (NRpCNRT’> (NRSCNRt>

(AB,AL) = (0,+4).

—

o0 0P [ PPN o fmgn)
ENs Ty [, ] (N € V) (25Cve) (T

002, (o, _gy|Y [Bm] FLuC7) (Vs ) (NunCrn) (5.847)
LVRURUL Y [l o] (NRpCNRT) (TLuCPLy) (URSULLa)
12 g g Y [aral] (NruC'Nro) (unsaCree) (dRpeL’” (5.848)
dReLuLNRUL y[] (NRuCNR’U eLrCVLt (dRpuLsa

00 (.| [ (ruCNio) (unroCrn) (o) (5,519
RERVLAYRUL y [] (VLSCVLt eRuCNRU ( RpuL’l‘a)

002 (g, p|¥ ] (crnCr) (uuraCrn) (@M (5.850)
LELALTRED Y [l (vLsCrwe) (enpCurra) (dLuNR'“)

— 143 —



OVENRuLﬁL(074)‘y {} (vLsCrLt) (uLpaCvry) (UL NRu)
ODLNguLaL(Ov *4)‘3} [] (NRpCNRr) (NRSuLta) (ﬂLZC?Lv)

(] (7LuCPL0) (@R rdipa) (NrsCing)
(] (7LuCPL0) (Nrodipa ) (@rrCing)

B (Firdipa) @uCrr0) (NesCung)
[ (NerLpa) (eLuC7Ly) (WRSCUR?)

} (TLvdRua) (éRpCNRT) (NRSCﬂRg)
[l (PLvdRua) (eRpC’WRr> (NRSCﬂRg)

@) 3NRURUR 0 4 ‘y {} (VL CVLt NRuCURva) (ERgVLr)
Oy sz g 0~V [EF] (NrpCRr ) (PLotirna) (NrsCring)
OdReLNfQ{UR (0,—4) ‘y {} (NRPCNRT> (PLvdRua) (NRSCﬂRg)

oD (0, —4)

dLeRV% NRUR

(1,2)
dréLip N2 g

1]
| E—

(07 _4)

—
[=13]

(1,2)
dreriLNZur

y
y
y
y
y
y

(0, —4)

Ogi) 2 52 (0 4 {l } (NRUCNR'U) (dLraCVLt) (dRpVLs)
RN Y [t ] (NRuCNRw) (15 Ce) (diidira)
Oé Z) (0 —4) [7 } (PEJCPI_B (WthLm> (ngCNRs)

y [ ] (NRSCNRt) (vLuC§Lv) (ngdLra)
o2 (0, —4) N [l} (NdeLpa) (eRrCNRt) (UreCrry)

dpér i N3 L,

Y [ (NrsCNee ) (errdipa) (W4C7L)
O dpvs Ng (0,4) ‘37 [r] (vLsCrie) (drpaCrryr) (ELgNRU)

O, (0~ [EE] (NrsCNpt) (Nrodipn ) (eruCnt)
Oy vz 0=V [ (NusCNre) (Niydipa ) (diCo)

!} eLrCvLt) (NRuCURwva) (aRgVLS)
[] (VLSCVLt) (NRUCURUCL) (ngeLr>

OdeRl’gNR 0 4 ‘y [ (V CI/Lt> (dRuaCNRv) (ngVLr)
OdeRuLNg(O —4)|y [} (NRSCNRt> (TLodRua) (ERgC’WRT)

0(172) (0 4 [I } NRUCNRU) (eRpVLs) (eLrCVLt)

N

|—|

(172)
JRGL V2 NRUR

(0,4)

—

ereLv2 N2

e Y [518, le] (NruC'NRo) (vLsCrLt) (ErpeLr)

0.0 ] .00 () ()
VR

Yy [7 ] (NRSCNRt) (gLuch’u) (éRpeLr)
Orpervt e (049 [ (1.5Cv10) (@1 Nio) (e1,Cr)
OeLéLELNg(Oa —4)|Y {] (NRSCNRt> (WRTGLP) (eLuC7Ly)

OéReRuE’NR (07 4) ‘y {} (VLSCVLt) (ERpVLr) (eRuCNRv)

~—

- 144 -

(5.851)
(5.852)

(5.853)

(5.854)

(5.855)

(5.856)
(5.857)
(5.858)

(5.859)

(5.860)

(5.861)

(5.862)
(5.863)
(5.864)

(5.865)

(5.866)
(5.867)

(5.868)

(5.869)

(5.870)
(5.871)
(5.872)



Oper 5z (0 —4)‘3’ {} (NRSCNRt) (ERpCNRr) (WredRua) ( )
Ocpenm i (0; *4)‘37 [] (WRSCNRt> (TLveru) (ERpCNRr) ( )
O Ny, (074)‘37 [} (vLpCrry) (vLsCrnt) (VLo Nru) ( )
Oy vz (0.4 |Y [ 18] (NuONRo) (1.5Cve) (N ) (5.876)
Oy n2ns (0,=9)|Y [E em| (NrpCNR ) (7LuCoy) (Nrovie) (5.877)
Ot e (0 —)|Y [EE] (N, CVry) (NisCVRe) (08 umua) (5.878)
OdRJLN4 (0,4 ‘y{ } (NRpCNRT) (NRSCNRt) (ELngua) ( )
Ocpna (0, —4) ‘y [} (NRpCNRr) (NRSCNRt> (ELverw) ( )
OVLN4NR (0.-4)|y [ (5.881)

(AB,AL) = (0, £6).

[ofs]

|—|

} (NRpCNRr) (NRSCNRt> (7LoNRw)

w‘!

S

Oy 32 (0,6)| B} 5] (NruCNrw) (1pCrny) (v1.6Ce) (5.882)
ODI%N?{(O’ —6) ‘y [,} (NRPCNRT‘) (NRSCNRt) (yLuC§LU) (5.883)
(AB,AL) = (+1,41).
O ZNRu 1 1 ‘y .. } abe (eRuCeRU) (NRpULra) (ustCuLtc) (5.884)
Yy ecde (ULSCCULtd) (dRueCNRv) (UR?dea)
y el (uLsccuLtb dRueCNRv) (uR?dea)
(1~6) [5]| eace
OdeLNRURUL(l 1) y (dRueCNRv) (uRruLtb> (de(lCuLSC) (5885)
[ ] ace (uLsccuLtb dRueCNRv) UR?dea)
Y [e11] €% (drueC NRow) (dLpaCurse) (TR ULL)
Y [517] €4 (dRueC' NRo) (ER?ULtb) (dLpaCurse)
V] , € (dLpaCdyrp) (unseCuLia) (TLENRY)
Y 7 ebed (’LL NRu) (deaCULsc) (dLrbCULtd)
Oc(l%m];?;uiﬁL(l’ 1) y -, ebed (deaCdLrb) (ULSCCULtd) (ﬁLgNRu) (5886)
y a eabd (ULUNRU) (deaCULsc) (dLrbCULtd)
Y [ 51 € (@18 Nru) (dpaCurse) (drrpCuta)
Yy 7 } Gde (deaCdLrb) (uLsccuLtd) (ﬂLZNRu)
abc (4. C
021,2)_ (L) y[]ﬁb (7LoNRw) (eLrCurie) (dipaCur,p) (5.887)
LELVLARYL Yy [} € (vLUNRu) (deaceLT) (ustCULtc)
(1,2) L)Y B €? (egyCNRo) (NRTULtc) (dLpaCursp) (5.888)
_ 2 \ .
dren NN L y [} eabc (eRuCNRv) (NerLpa) (ustCULtc)
021 S)N L) Y [Gre] e (NRruLtb) (eLpCuLsa) (eRuCURwe) (5.889)
RELTRER L y |::| abe (NRreLp) (uLsacuLtb) (eRuCUva)

— 145 —



(1,2)

\ 2
drer, Nr NRuL

(1,2)
dReRVLJ\_fRui

2 ~2
di Nrug vy,

O1~0)

d%NRl_LR’U,R’LLL( ’ )

(1~6)

drdy, Nrtirur i,

O(}“j‘l) (1’

d3 di, Ngur,

(1~6)

JRde% NRUL

(1,2)
d%eLéLNRuL

Yy
Yy
ou~o (-1,-1)|Y [,] €abd (NRpCﬂRg> (ﬂRguLtc> (aLZCELf])
Yy
Yy
Yy

[] eabc (NRruLtb) (eLpCULsa) (dRucCNRU)
[} Eabc (NRreLp) (uLsaCULtb) (dRucCNRv)
[] abe (NRpqua) (ustCVLt) (dRucceRv)
[} eabe (NRpuLm) (urssCrLt) (dRucCery)

_7 €bde EURZULta) (NRpCURg§ gdLﬁC’dLﬁg

o —, o~
, €abd NRpCuR?) (uRsuLtc drCdy,

(1,1)

(1,1)

=152 evae (Trburia) (NipCuins dLngLg

o —, S
€avd | NrpCURY ) (UR ULt ) (dLyCdry

[c]e] [E1=]

[rls],
[, w121| €aba NrpCury
Y€ (drpaClrrp) (NRuCuRve) (TRSUL 1)
cabe (deaCdLrb) (NruCurve) (URSUL )
(

[p]

[p]

6bde
(plr]

(pl7]

(pl7]

SN
urSurse ) (dLiCdys

il €

NRucuRve) (ﬂRgdea) (dLrbCULtd)
1) €29 (dLpaCdLrb) (NRuCURve) (TR L)
17 €% (NR o Curpe) (TR%ALpa) (dLrbCurL )
p ] Eabe (NRuCURve) (dLrbCULtc) (ﬂRgdea)
€bde (ﬂRguLm drjCNR, ) (dLdCurs
€ade (u burs ) (dr2C'NRy ) (dLdCTuLE
(=1, —1)|€ae (dr CNRT) (ﬂRguLtc) (ELECULﬁ)
N dp? cCurl

dLuCuLU

€bde ( Nrrtrta) (draCuR’

= agr b
€ade (NRruLtb dryCur,

€abe (NRruLtc> (dRpCuRS) (dLZCﬂLf,)

y [] ebed (deaCdLrb (dLuNRU> dLscCULtd)
1) y 6de (deaCdLrb) (dLuNRv (dLsccuLtd)
Yy eabd (deaCdLrb (dLiNR’U> dLscCULtd

: (

€4 (dy,pa Cdyrp) (dLuNRv> dr,scCurid)

Y || €% (drueC Ngw) (aRgdLra) (dLscCurta)
Y || €% (drueC Nrv) (dLsaCurea) (aRgdLrb
(1,1) |V |E]| € (dRuaC Nro) (drseCur.ra) (ERZdLrb
y ]GCde (dRueC NRov) (ERZdLra) (dLscCurta)

2] €% (drueC'NR o) (dsaCura) (drGdLry
5] €4 (dRuaC NRrov) (dLscCur,za)

[ ] abe (eLuNRv) (deaceLs) (dLrbCULtc)
{ } ¢ (&1, Nro) (dLpaCdLr) (ensCuric)

=]
a

[~

,_, ,_,E ,_,

drpdirp

y
y
y
L
( )y

HE

— 146 —

(5.890)

(5.891)

(5.892)

(5.893)

(5.894)

(5.895)

(5.896)

(5.897)



(1,2) (1,1) Y [z €% (eruC Nro) (€rsdLpa) (drrpCurte)
25 >
diererNRuL Y [} eabe (eRuCNRv) (ERsuLtc) (deaCdLrb)

(1,2) (17 1) y [] abe (vaNRu) (derbCVLt) (deaOuLsc)

UR p CURt

OERELNR’LL 1 _1 ‘y |: ] 6CLbC (eLuNRU eRpcuRr ( CﬂRg)
o1:2) (—1,-1) Y [5171 €abe (PLuNRw) (€rrCURY) (drECURY
dRéRf/LNR’EQR ) )

y {} €abe (VLo NRu) (dRpCeRr

— 147 —

|

d%VLDLNRUL Yy [} abe (VLUNRu) (deaCdLrb) (ULSCCVLt)
(1,2) (1 1 Yy [7] eabc (NRUCNR’U) (NdeLpa) (dLrbCULtC)
d? Ng N2u ) S
LORTRTL y [ } eabc (NRUCNRv) (NRsuLtc) (deaCdLrb)
O12) (1,1) e (errdipa) (eLsCuLp) (drucC Nro)
drdrerer Npun k™ 2/ eabe (gp iy 1) (dppaCers) (drucC NRro)
o2 (1,1 eabe NRsuLtb) (dipaCerr) (NrRuCURwe)
dreL Ne NeuguL €abc NdeLpa) (eLrCULtb) (NRUCUR'UC)
o2 (1,1) eabe NerLpa) (urssCre) (eRuCURwe)
derin Neum € (Nryv1t) (eruCuroe) (drpaCursy)
P
(1,2) € N, Lpa | \ULsbCVLE) (AR uc Rv
) (11)“bCNd)( Cv14) (drueC Nro)
AL N N eabc NRTVLt) (dRucCNRv) (deaCUst)
N% _, €bde WRsuLta) (ERZCER? uiCuLt
V| ] €ve ERIT)ULm) (ER$CNRS Ll Cu
O%Nﬁiuwz(—l,—l) Y o1 (1] €abe (dREC NRs (aR?«ULtC (uLy CuLy)
R L r - — .
Y |w | €bde NRsuLta) (ngcafR? uLdCuLs
Y | | €vde 8R2“Lta) (aRgCWRs uLdCuLg
Y |} )| €ave NRWLw) (ERSCERQ) (uLy,CuLy)
(1,2) 2], [ e (Nrserp ) (eLrCurta) (UrubCUrwve)
082]\7 uZu (1’1) ol —
PR o, ] e (enpCenn) (Nrstinia) (ununCinoe)
o2 (11) eabe NRreLp) (ursaCrrt) (dRubCURve)
drevon N 27 cabe (N p vy ) (enpClinsa drupCURve)
p
O(l 2) (1 1) ] abe <NRpVLs) (quaCVLt) (dRudeva)
d2 2N 9 -
e ,I] € (v,sCrpe) (NRpULm) (drRupCdRve)

(5.898)

(5.899)

(5.900)

(5.901)

(5.902)

(5.903)

(5.904)

(5.905)

(5.906)

(5.907)

(5.908)
(5.909)

(5.910)



€acd (ERZCNRT) (URZCURg) (ELCulUva
dr2CNR, ) (urCURY

€acd (aLﬁUva NRrCURgg g

7] €acd (ARGC N Ry (ﬂRgCﬂR‘E) (ELﬁUva

| €aca dLﬁuRub; Nr,Cugr§

Y .
€abe (dLuuRvd Ngr,Cugf

g.d
€abe (dLuuRvd
(1~6)
d_Rd_LNR’EIQ:{uR

[=lo] [S[e] [=]=]

(=1,-1) dr2Cug}

]

ER; C HRZ

ﬁﬁﬁ
o] [
CICY

ER; C ﬂRg

R

—

GT7] €abe (ELuNRw) (NRrCﬂRf) (ER‘;CHR‘;)
Yy [} €abe (éLuNRv) (aRaCNPw)
€abe (ULENRu) (ERpCTURS
n. URCTURY
Yy [] €abe (ELﬁNRU> (ErpCURY) ( NrrCURY
Yy [} €abe (ERpCNRr> (ELZNRU) (URSCURt
[7Ts1] €abe (HRZVLt> (WRpC'ﬂRff) (ELZCELU)
} €abe (URSVLt) (NRpCURr> (ELZCEL'U)
] €ace dRZdLrb) (dLZCdL'Le;) (NRSCﬂRg)
o] €ace ERSCNRS) (uridyrp) (dLZCque]g

(1,2) (-1,

5 N -2
drer, NRNRUR

—_
~—

/_\

bCﬂRg

(1,2) er,CuR?

Y o
eg Nrugur

/-\

(_17 -
y

A

)
€abe (ErpCeRy) (ULE NRu)
)

/\

o012 (—1,-1)

—2
dper Nr Nr g

‘<
=]

0(1 2) ,(—1

drer vy, NRu

<
—
o[+

' E

oU~  (—1,-1)

J_.a g b g e T . C
o N ace (drdirm) (dLhCLE) (NroCrng

€cde ER;‘,dLm) (NRSCER%:) (ELfLCELf;)
€ace ERZCNRS) (urfdyry) (7 e Eij)
€cde (ﬂRdem (dRpCNRs) (d CEL?})
€ace (drGCdRY

=] [5[8] [=]=] [<[=]

(TL5URwb) ( CURt)

(NRsCURf) (ULGURue)
€ace (d pCNRs) (ULHURub) (dRrCum?)
7| €ace ERZCERD (TLGURwb) (NRSCER‘E
7] €ace (ARECNRs ) (ULSurw) (dRECTURS
oT7] €abe (ARACNRs ) ( )

€abe dRpC dg’
(1~6)
JﬁNRaRURﬁL

(_17 _1)

3

i EE] 5] 5E]

_ = b e
ULqe;uRuc dRrCURg

€abe ELngud) (aRngRr

€ace ERgCWRs) (dLvdRub) (dRrCURt
€ace ERZCER?~> (ELﬁdRub) (NRSCHR
€ace ERZCNRS) (aLﬁdRub drbCug§
] €abe ELngud) (ERZCNRS

] €abe (ELvER ) <ER$CNRS) (ER?CﬂRf)
€abe (ELvERY) (3RZCER?> (WRsCﬂRff)

o~ (1 1)

€ace ERZCERQ) (de}dRub; NRSCURf)

dZR’deLNRﬂR ;
Cc

t

—

—

ERf,CﬂRg

—
]

]
5]

0(1 2) (—

d? RER e, Nrig

i—‘
|
N
SRR ‘<‘<‘<‘<‘<‘< LKL

—
SF]
==

— 148 —

(5.911)

(5.912)

(5.913)

(5.914)

(5.915)

(5.916)

(5.917)

(5.918)

(5.919)



Y [21z] €abe (PLuNR W) (ERgCNRs) <ER?CUR§>
y [} €abe (TLuNRw) (dRpCdRr) (NRsCﬂRf)

€abe ERZGLT NrsCur}) (diiCer,
€abe (UrYeLr ) (drECNRs) (dusCer,

ol (—1,-1)

d2Rl7L NrNRuR

oD (_1,-1)

drdpereL NRUR

(1,2) €abe (TLENRu) ngCéRr) (NRSCER?
OdReRNRNRuRuL(_l’ ) 3 a AT — — b
€abe (ULy NRu) dRpCNRs) (eRrCURt
(1,2) €abe (AL, ERSCERT) (NRSCER?
OJRJLéReRNRﬁR(_L _1) 3 3 N = — b
€abe dLueRu dRZCNRs) (eRrCURt
(12) (=1, —1y|abe uRSyLe dRpCNRr) (eLuCuLy)
ey Neina t €abe (NR VLt eLuCULU) (ngCHRZ)
(12) g q)|Cane URSVLt CWRT) (ELZC?LU
drdyvy, v, NRUR €abe NRTVLt dLuCVLv) (ERZCERZ
o2 Y [ o (@5 Vo) (drgCNRy) (NrsCany)
CZRJLNéNRTLR( ’ ) = a/ T — — b
Y [ €abe (dLuNRv) (dRpCNRT) (NRSCURt>
0(1:2) 1,-1 y €abe (eRpeLr) (NRSCER?) dL CdLv
CPERELNRTLR( )
L Y || €ape (eRpCNRs) (urferr) (dLbCdLS
(1,2) €abe éRpCWRr> (uRrvpe) (dLlCTuLS
OJLERVLNRﬂRﬁL(_l’ _1) ANT — — 3 b —
€abe NRTVLt) (eRpCURg) dLuCULg
012 ( 1, - B I] €abe (NRrVLt) (WRpC’ﬂR§) (ELbC'ELf,)
d2 N2 = 9
Y |em, l} €abe (NRpCNRT) (TrgvLL) (dL Cdu,)
Y [ ... bde (dLsaCstd) (NRucuRve) (ddeLrb>
O(,1N4) (1 1) BZIE Cde dLschLtd) (NRuCURve) ddeL’r’a)
deiNRuR ’ b d
y “‘ (NRuCUuRva) (dLscCdLtq) ddeLrb)
y Cde (dLschLtd) (NRuCURve) (ERZdLra)

Ogs RN2 (1,1) ‘y '5. } ¢ (NryC'Nry) (ErtdLse) (dLpaCdLrb)
OdiéLVLNR ]—’ 1 ‘y [} eabe (eLuNRv) (deaCdL'rb) (dLscCVLt)

(12 (1,1) Y [o1] € (Ersdipa) (drrvCert) (NruCuroc)
AienerNien 0y Bl e (epgers) (drpaCiim) (NruCunoe)
(1:2% B (1 1) Yy [] Eabc (édeLpa) (dLrbCVLt) (dRucCNRv)
deLeRVLNR y [} eabc (ERSVLt) (deaCdLrb) (dRucCNRU)

0(1:2) ~ (1 1) y [] Eabc (NdeLpa) (dLrbCVLt) (NRuCUva)
diuLNRNRuR ’

Yy [} eabe (NRSVLt) (drpaCldrry) (NRuCURwe)

— 149 —

(5.920)

(5.921)

(5.922)

(5.923)

(5.924)

(5.925)

(5.926)

(5.927)

(5.928)

(5.929)

(5.930)

(5.931)
(5.932)

(5.933)

(5.934)

(5.935)



O(lNG)

d_2Rde_LNR'aL <_17 _1)

Yy I €bde NthLsa) ngCdRr) dLuCULv)
V|| €ave NthLsc) ngCdRr) dLZCULy
Y |18]| €vde ddeLsa) CNRt dLuCULU
y[

7] €bde NthLsa) (dRaCdRr d icuLs
ELgCﬂLg

Y [z €bde ERgdLsa) (ERQCNRt

Y (eI €ave 8RgdLsc) <ER§~CWR1&) (ELZCHLg)
(1,2) y Eabc NRSVLt (deaceLT) (uRubCUva)
O 1.1 [v]
dLELVLNR’U,2 ( ? ) b T
R Y |l €€ (er,Crre) (NdeLpa> (uRupCUR ve)
(1,2) Yy eabc NRTVLt (deaCVLs) (dRubCUva)
9] 1,1 [t]
deLVQNR’LLR( ’ ) b g—
L Yy [] €¢ (VLSCZ/Lt) (NerLpa (dRubCUva)
Y [T €ace <ER$CER?> (TLgdRub) (ERECNRt)
O (<1, —1)|Y [ €ace (5O} ) (@ dius) (drsC N
: Y €bce (dR$CdRIT)) (ULyARua) (dRSC N R

€ace (ERZCEPWIZ) (ﬂdeRub) (aRECNRt)

Od eRI/LNR( L, _1 ‘y {} €abe VLveRu (dR CER ) (ERCCWRt)

12y |V el eave (dR €Ls) (dRrCNRt) (eLuCuLy)
17 Y ] €ane (NRieLS) (ArgCdr?) (ELuCrs)
) ) Y (2l €abe dRpeLs) dr? CNRt dLuCVLv>
Auten Bty ] eone (Niers) (dngCint) (dusCmwo )
2 gy Y o] €abe (LG ERW) (d CeRs) dRrCNRt)
frenenNnin y{ ]eabc (eRsCNRt) ULyERu) ngCERsZ)
02y |V e ae (dRbrne) (ARECNRS) (15 CPL)
dZRVLDLNRﬂL( by y {] €abe (NRsVLt) (dRpCdRr) (L, CVLy)
(1,2) o l €abe (TLGNRu) <dR CNRS) (dR?CWRt
Od%NﬁNRﬂL( § 1) €abe (NRSCNRt) (Z;LUNRU) (ERZCQRIZ
) N N 7 €abe ELZQRU) (ERGCNRS) (ERQCNRt
dadLeRNg‘( by N% 7 €abe NRSCNRt> EdLﬁeRv) (ER;;CER?
(1.2 g gy|Cabe NRteLs> (ERZCéRr dubCu
drdener N, €abe ERTCNRt) (ERZeLs dibCur g
12 4 l I} €abe (NRt@Lr) (dR CNRS) <ELZCEL5)
deieLNr2{< L 1 I} €abe (NRSCNRt) (ngeLT) (ELZCELf))

- 150 —

|

(5.936)

(5.937)

(5.938)

(5.939)

(5.940)

(5.941)

(5.942)

(5.943)

(5.944)

(5.945)

(5.946)

(5.947)

(5.948)



(12) Y | €ave (WRSVLt) (ERaCéRr> (ﬂLZCULﬁ)
OdReRVLNRu ( b 1> Yy €abc (éRT‘VLt) (8 é’NRs) (ﬂLZCUch)>

1L2) 4|V [} €abe (WRSVLt) (dR CNRT’) (ELZCﬁLﬁ)

deLVLN}Q‘EL( by N [] €abe (NRSVLt) (d;pCNRr> (ELZCﬂLf))

(AB, AL) = (&1, F1).

ol® - 1,-1)

:7 € de (uLsaCULtc) (dRudCdee) (NRpCﬂRg:>

_7 ecde (WRpuLsa) (dRudCdRruve) (TREULLC)

[7] Ede (NRpust> (dRudCdea) (ﬂRgULtC)

y
y
y
Y |61 | €% (unsaCurie) (drudCgue) (WRpCﬂR?)
y
y

d2 NRURUL
7 ECde (NRpULsa) (dRudCdRUe) (ER?ULL‘C)
_> " (dRyaCdruva) (urssCurc) (NRpCﬂRff)
V|| e (NRTdea) (urspCurte) (ULydRud)
Y |F]| exbd NerLpa) (urspCuree) (TLSAR ud)
fl;;i)]\_fRuiﬁL(L _1) Yy Eabd NeruLtc) (deaCUst) (ULidRud)
Y [ra] et (NerLpa) (urspCuree) (ULS AR ua)
Y 1] €24 (WRTULtc) (d1,paCursp) (TLSdRuA)
y [] eabd (NRruLtc> (deaCUst) (ﬂLngud)
(1,2) o y [] abe (VLveRu) (WRruLtc) (deaCUst)
OdLeRﬁLNRu2 (17 1) b
b Yy [] € (ULveru) (NerLpa) (urspCurtc)
(1,2) _ Yy [] abe (NRruLtb> (vadRuc) (eLpCULsa)
OdReLﬁLNR’uQ (17 1) b —
b Yy [] ave (NRreLp> (VLvdRuc) (uLsacuLtb)
O((jl 2) 0 (1,-1) Y (B, sm| e NRpuLsa) <NRruLtb) (drucCerw)
rer N2u Y e eabe NRPCNRT) (ur,saCurup) (drucCerw)
Y €ace (dLZNRv) (HRguLtb) ER;CER?
V] €bee (ELzNR'U) (URSuLta) (dRECURY
Oé;}i)]VRQQRUL(_l’l) V4| €abe (EEZNRU) (URSuria) (drECUR?
N [] €ace (dLZNRv (WrSuL) dRpCUR'r
Y [715] €bee (ELZNR’U (URSuLta) (drECURY
Y [15] €abe dLuNRv (UrSurtq) (dr2CURD
cde NerLpa dRudCURve) (URS uLtc)
€4ce NerLpa dRubCURve) (URZULtc)
(1~6) eade b
deLNRﬁRURUL(l’ —1)le (NRTdLPa (URSULtb) (dRudCURve)

cde

NRruLtc (URS dea) (dRudCURve)
NRruLtc (dRubCURve) (HRZdea)
eade (NRTuLtb (dRudCURve) (HRgdea>

ace

— 151 —

(5.949)

(5.950)

(5.951)

(5.952)

(5.953)

(5.954)

(5.955)

(5.956)

(5.957)



y
N
(1~6)
JQRNRTLRULTLL(_:L’ 1) y
8|
Y
Yl
y
Yy
(1~6)
di](/vR’LLRuL’lTLL(17 _1) y
N
Yy
Yy
y
Y
(1~6)
OdeiJLNRuL(l’_l) Y
y
NI
Y
(1,2) Yl
OdieRELNRUL(17 1) y
(1.2) Ly
Od%ﬂLNRNRuL(l, 1) y
Y [an]
Y |ulw
(1~6)
JRd%{dLNRuL(l’_l) Y
N
Y
Ve
(1,2)
dLeLDL]\_fRuRuL ’
(1,2)
deLeLéLNRuL 7
(1,2) .
deLéReRNRuL( ’ )

B B F
ais
BB

Bl &
5]

—

R
—_

€ace (TLHVRu) (dRZCﬂR?) (WrSuLw)
€abe (UR ULtc) (L5 NRu) (dRpCdRr)
€ace (dRrULtb) (L5 Nru) (dRpCUR )
€ace (UL NRu) (dR CdRr) (TR SuL)
(u
(

GE] 5] 5F]

]
]

€ace (ERbULtb Ru) (dRACURS

) @5N
| €ave (ULyNRu) nguLtc) drCuR§
)

Bl R
Sl

ebed (NRsuLtc dipaCdrrp) (ULIURuA)
eabd (N RsULte ) (ALpaCdrrp) (ULGUR W)
ebed (NdeLpa> (dLrpCurte) (TLYURu)
] ebed NRsuLtc) (drLpaCdrry) (TLYURuA)
bed NdeLpa) (drrCure)
eabd (NdeLpa> (drrCure) (
ebed (N RsuLtc) (d1,paClrrp) (dLydRud)
eabd (NRsuLtc) (dipaCdrrp) (dLvdRud)
eed (N deLpa> (drrCuric) dLvdRud
] ebed §N Rs ULtc) (dLpaCdyrp) édLudRudg
)

k] R FR]

]
=,

€ uLvuRud)
U

]
Gl

ebed NdeLpa> (drrpCuric)

cabd (WdeLpa> (dLT’bCULtC dLvdRud

e (eryeru) (WdeLpa) (dLrpCuric)
Eabc (eLveRu) (NRsuLtc> (deaOdLrb)

] €95 (U1, NRy) (WdeLpa) (dLrpCuric)
6(1 (VLUNRU) (NRsuLtc> (deaCdLrb)

[er] € (NRsuLtc) (dRudCdRva) (ERgdLrb)
e dRudOdRm ) (dirCurie) (drgCNgs)
ECde NRsuLtc (dRudCdRove) (ERZdLm
bde (NR ULta (dRudCdRve) (ERgdLrb
€% (dRudCdrue) (dLraCurte) (drECNrs
b4 (dRudCdrve) (dLrsCuLLa) ngCNng

drydRud

5]

=
H
£

]
5]

—

]
==

ii

€

Q
> EHEEEEEE

Q
=
Q

€
ENRsuLtb VLUuRuc) (deaceLr)

NdeLpa> VL'UURuc) (eLrCULtb)

abc NRsuLtb) eLvdRuc (deaceLT)
abc N dea) eLvdRuc) eL CuLtb)

(
abc erLpa (NRsuLtb) (dRucceRv
abc (NdeLpa) (eRruLtb) (dRucceRv)

— 152 —

(5.958)

(5.959)

(5.960)

(5.961)

(5.962)

(5.963)

(5.964)

(5.965)

(5.966)



0(1,2) e (1 71) eabc WR?"dea> (PLvdRuc) (ustCVLt)
drdy v, v, Nruy, 6ULbc NRTVLt) (vadRuc) (deaCust)
0(1,2) (1 _1) y [} Eabc (NerLpa) (NRsuLtb> (eRuCUva)
er N2 ugu ’ g __
dren Ny urur Yy [] eabe (NRfrdea) (NRsuLtb> (eRuCUva)
(1,2) . y [} 6abc <NerLpa) (NRsuLtb) (dRucCNRv)
OdeLN2NRuL(17 ) - be (77 ~
R Y [o1e]] € (NR'rdea) (NRsuLtb) (dRucC Nro)
(1,2) . y Eabc (éRpeLr) (NRsuLta) (dRudeva)
Od2 e eL]\_f ur, (1’ 1) e —
RR & Yy eabc (éRpCNRs) (eLTCULta) (dRudeva)
0(1,2) (1 _1) y [} eabc (NRreLp) (NRsuLta) (dRubCUva)
drer, N2ugu ’ g ___
RELTRAREL Yy [] eabc (NRreLp) (NRsuLta) (dRubCUva)

0% oo (1,=1)

o (~1,1)

75 AN272
drer Nfug

o2 (~1,1

JRELI/L NR’ELQR

o2 (~1,1

dLéRVLNR’U,QR

oo (1,-1)

o o
df NRarug

y
y

] et (Nrovee) (Nrpunsa ) (drasCeroc)
55 2] € (NrpCNer ) (unsaCoLe) (drunCdrne)

= arG b\ (e d
Y [, 1| €abd (NRuCURwe) (dRACdRY. ) (URSCURY
p

( )

Y B} Gro| €bed (NruCURva) (drRECTRS drlCugrf
Y |elzh 5| €vea (NRuCurva) (dryCdry ) (ursCurf
Y | E| €abd (NruCurwe) driCURS (ERZ;CﬂRf
Y [ 61l €ved (NRuCURva) (31%;0@1%5) (ERfiCﬂRf)
Y [, } €bed (NRuCURva) <ER§CER?) (ERECﬁRf)
Y (2 131 €ate (NruC'Nro) (R CURS) éngcuRg

Yy [, } €abe (NRuC NRw) (aRgCERr)

) Y [T51] €abe (ELuNRw) (TREVLE) (%ZCHR?)

y [} €abe (ELuNRw) (TREVLE) (ERZCER?)

Y [z €abe (HRZVLt) (ELENRU) (erpClUry)

y [} €abe (ﬂRZVLt> (ELzCLNRU> (erpCury)

2 2] e (dypaCipy) (R uaCure) (NRSCER?)
i, ebde (NdeLpa> (URudCURve) (TRE dLrp)
[, o)) €22 (NdeLpa) (URucCURve) (URFALrb)
—, € (dppa Cdprp) (URudCURve) (WRsCﬂR?)
:, ebde (NdeLpa) (URudCuRve) (UR{dLrb)
»7 €% (d,paCdrrb) (URucCURve) (NRSCERf)

HRgCHRg

~—

LKL

— 153 —

(5.967)

(5.968)

(5.969)

(5.970)

(5.971)

(5.972)

(5.973)

(5.974)

(5.975)

(5.976)

(5.977)



V|| €bde ELZNRU> (ERgCERf« UR{dLsq
Y |2l €abd szNRvg dr2Cdgr?) (Tr{dLse
(1~6) = g e = b d
OdQ deLNRuR(_]-J 1) y Ebde (dfidesa dLuNRU) (dchuRt
Y [ €vie (A5 Nwo ) (drgCaR?) (wnidrsa
Y o] €vde (dridrsa) (dLSNro ) (drECTURY
Y [ €aba (ELﬁNRv drgdyse) (drCurf
[] €bed (ARuaC' NRov) <7 QCER?) (i CC'HR?)
Oéi/\(;i)NRuR( 1,1) €bed (ARuaC Nro) (drECdRY) (drSCURY
€abd (AdRucCNRo) (drSCdR?) (drSCury
1| €bed (ARuaC NRo) (dRZCdRr> (dRSCURt>
oL (—1,1) Y [ €abe (ELuNRv) (3326L3> (ER?CﬂRf)
d3 e er, NRu ’ = =
heLet Nain Y 2] €ate (L) (@rfers) (drpCan?)
O(_1»2) (_1 1) N [] €abe (eRuCNRv) (ER$CERS) (ERECERQ:)
2 ere @ ’
renen Y [E] €ate (eruCNro) (drgCnt) (ersCing)
o(12) _ 1 | [z €abe (ProNRu) (dRTVLt> (ER{‘;C'ERE)
CZZ VLI_/LNRER( ’ ) _ . - 3 b
R Y [} €abc (VL’UNRU) (UREVLt) (ngCdRr)

0(1 2) ( 1, 1) N [7] €abc (NRUCNR’U) (ERZCNRS> (ERQCHR%:)

& Ny N2in Y |2 2] €ave (NRuC'Nio) (driCdn?) (NuoCng)
(1,2) (_1 1) €abe uRteLs dLuNRv ERgCéRr
drdrérer, Nrug ’ €abe dRpeLs dLuNRv éRTC’ﬂRg
Ogv%) [ (_1’ 1) €abc (ﬂRgVLt> (ﬂLgNRu) QERZCERT)
RERIL AR €abc (ERTVLt) (HL;:)NR’LL) (ngCﬂRg
Ogv? e (_17 1) €abc URSVLt) (dLuNRv) (EE{ZCNRT
RALVLIVRIVRUR €abe NRT‘VLt) (dLuNRv) (ngCﬂRg
O(é 2% ~ ( 1,1) Yy a } €abc (NRpVLs> (HR?VLt) (ELZCELf))
A Ned Y 7:| €abe (VLSCVLt) (NRpCER?) (ELIZLC&LS))
Od36RVLNR(1’ _1) ‘y {} eabe (ﬁLvNRu) (éthLsc) (deaCdLrb)

Yy [] ebee (NthLsc) (deaCdLrb) (ELZUR’UC)

O?&Ef?vRuR(l’ ~1)|Y ebee (TthLsc) (dLpaCdrrp) @LZURW)
’ Yy eabe <NthLsc> (dLpaCdrrp) (deLuRve)
Yy ebee (NthLsc> (d1paCdrrp) (aLZURve>

O e, N (1 \y [ ""} % (@Lu NRo) (NthLsc) (dLpaCdrrp)

- 154 -

(5.978)

(5.979)

(5.980)

(5.981)

(5.982)

(5.983)

(5.984)

(5.985)

(5.986)

(5.987)

(5.988)

(5.989)

(5.990)



Yy GCde NthLsc) (ERgdLra> (dRudCURve)
V|| e NthLsa> (dRudCuRve) ddeLrb)
Og:dg) @2 g, (1 =1 Y ebed @tdLsc (diiudC'UJRva ddeLrb>
y [] GCde NthLsc) <ngdLra) (dRudCURve)
Y [1s] €2% NthLsa) (dRudCuRve) ERZdLrb)
Y [rs] €4 NthLsc> (dRudCURwva) ERgdLrb)
(1,2) _ y [] eabc (NthLrb> (éLuuva) (deaCGLs)
OdQGLéL]\?RuR(l’ 1) be ([~
L y [] €¢ (NRteLs) (6 uuva) (deaCdLrb)
0(1,2) (1 _1) y [] eabc (édeLpa) (NthLrb) (eRuCUva)

2 erern Nru ’
drenenNrun Yy {] eabe <€RSCNR1€) (dipaCdrrp) (eRuCURC)
(1,2) o y [] eabc (EdeLpa) (NthLrb> (dRucCNRv)

b Yy [} €1 (eRsC’NRt) (dLpaCdrrp) (dRucC Nrow)
0(172) (1 _1) Y [] eabc (NdeLpa> (ﬁLvuRuc) (dLrbCVLt)
d2? vy, or, Nru ) — .

ZCC Y {] eabe (NRSVLt> (TLoURue) (d1paCdrrp)
(172% B (1 _1) y [] Gabc (NdeLpa) (éLvdRuC) (dLrbCVLt)
drd? ep,vr, N ’ S -

RO Yy {} eabe (NRSVLt) (ELvdRuc) (dLpaCdrry)

6abc

NdeLpa) (NthLrb) (NRuCUva)
NRSCWRt) (deaCdLrb) (NRUCURUC>

Y |

oL, (1,-1)
y ’ 6abc

d? N2 Nrugr

Y [ €ace (TLy Nru) (dRpCdRr> (ddeLtb)

O (1) 7] e (75N (drgCir?) (drsdiu
Yy €pce (ULGNRY) (dR CdRT) (ERgdLm
Y || €ace (@5 Nra) (drGCR?) (drsduu)

(1,2) 1,41 eabe WRteLs) (Errdrpa) (ARubCUR )
drdpérer, Nrugr * "’ 6abc ERTCNRt) (deaceLs) (dRubCUva)
o2 (1,-1) I I} abe (NRteLr) (NdeLpa) (uRubCURwe)

dLeLN2u2 ’ abe
" ,I] € (NRSCNRt) (dLpaCerr) (URubCURve)
012 LY eabe (NRSVLt) (erRrdLpa) (ARubCdRue)
d dLeRyLNR( ) . abe
Y || € (Errvne) (NdeLpa) (drupCdroc)
o (o) () o

Y 1] € (NRSVLt) (NerLpa) (drRubCURve)
O e v (~ 1 V|V [FF] €ane (ProNia) (dners ) (drpCilrl)
Ogs eRNRNR( 1,1 ‘y [} €abe (eRuC NRov) (dR Cdm) (ER‘;C’WRt)

— 155 —

(5.991)

(5.992)

(5.993)

(5.994)

(5.995)

(5.996)

(5.997)

(5.998)

(5.999)

(5.1000)

(5.1001)

(5.1002)

(5.1003)
(5.1004)



(’)%’%) - y[] €abe (dRreLt) (UL NRw) (dRpC6R8> (5.1005)
nereLNRUL y [} €abe eRseLt ULQC,NRU) (dRpCdRr)
di,¢ Ny ) (drbCON
R - e L L R
ROLELERTR N [} €abe NRteLS (dLZNR'U) (ngCdRT)
dr? 4CNRs
oud (g, 1| ] car (o) (5N (35 C ) (5.1007)
rRVLNRNRUL y [} €abe (NRSVLt) NRu) (ngCdRr
. i)
& dLervL NR Y [} €abe (NR,SZ/Lt) (d €Rv> (dRpCdRr)
02 | ] e (W) (dgeur) (d.0c) (5.1009)
RALELVLAR y €abc (eLrCVLt) <d NRS) (dLZCde))
S N d b ur,S
(9511 ?l) 2N (1 1) Y {} Cabe (NRTVLt) dRpVLS) (dLuCULv> (5.1010)
RALV] NRUL Y [} €abe (VLSCVLt) (dRpCNRr) (dLuCULv)
(AB,AL) = (%1, +3).

OeReLNRu 1 3 ‘y {} abe (eRuCNRv) (eLPCULm) (ustCULtc) (5.1011)
(1.2) o gy B € (NruCNro) (enrCuvee) (dLpaCursh) (5.1012)
ety [ ] € (NmuC o) (dugmCetr) (unaCurie)

02 |V € (eruC'Nro) (ULseCrLL) (dLpaCULry) (5.1013)
drervi, Nrug, y {] eabe (eRuC'NRv) (uLSCCVLt) (deaCULrb)

0(1]2\[) o (1 3) , gabe (eLpCULsa) (eL'I'CULtb) (NRUCUR”UC) (5'1014)

R Y |z €™ (enpCerr) (ursaCurm) (NruCuroc)
(1,2) ,(1,3) Y [e] € (eLpCinra) (uLspCVLL) (dRucC NRo) (5.1015)
dReLVLNRuL y |:i| eabc (GLpCULra) (UstCVLt) (dRuCCNRU)
(12) Y [t ftal] € (NRuC'Neo) (dLrsCrLe) (dLpaCuLse)

ol o (1,3 (5.1016)
di v, N u, y { ] cabe (NRuCNRv) (deaCdLrb) (ULscCVLt)

(1,2) ( ) eabe (deaceLr) (ustCVLt) (NRuCUva) (5.1017)
dreLvp Nrurup \ ™’ gabe (eLrCVLt) (NRUCURUC) (deaCUst)

00 o af? e i o)
drdLvy NruL Y [512] € (vsCit) (dRueC NRro) (dipaCurro)

_ — AT —_a —= b= _c

O s (—1,3) ‘ Y [] €abe (ELuCery) (NRpCuRT) (uRsCuRt) (5.1019)
— — T — C Joarvzr_b
Iper, v, Nr y {] €ape (ELuCTLy) (ngCNRr) (ﬂRSCURf)
— e a\ (V. e b (= e c

g,g)ﬁ L (-1,-3) Y [512] €abe (eRpCﬁRs) (NRTCURZ (eLuCuLy) (5.1021)
ereLNRrUR UL y [} €abe (ERpCNR'I‘) (ﬂRZC’ﬂRt (ELUCULg)

— 156 —



Ul o ot Grserc) 1%
N B i A
e e o) 19
SRR e i S B
i S 10 i[Jbb(EZ;RC;JFVRR>)<&R%;2)(<LLiﬁ;) (5:1026)
sz 0] e e o hienr) 10
Bl 9] ’%?:;E@z;féiii ey o
Uit e o) (e 199

OcPN?” (—1, —3 ‘y [ H] €abe (NRPCN}“) (NRSCERt) (dLIZLCdLv) (5.1030)

O((ié,S%N . (1,3) l abc deaCVLs) (dLrbCVLt) (NRuCUva) (5'1031)
LLTR e (v1,sCry) (dipaCdrrs) (NruCURrwe)
0% vau (F1.-3) . l cae (AGCNs) (A2 CNwe) (71T (5.1032)
Y | ate (NrsC Ny ) (drgCdn? ) (@5 CPLy)
02 (-1,-3)” l I} cae (e Ve ) (AN, (1], (5.1033)
i Y |mm ] ave (NrsCNi ) (drgCoeny ) (mhCaLs)
OJRJLNﬁﬂL(_17 —3) y {} €abe (NRSCNRt) (dRZCNRr) ( CULU) (5.1034)
(AB,AL) = (£1, F3).
((;?%N L (1,-3) Y (ol ) €€ (71,uC71Ly) @deLpa) (drrpCurtc) (5.1035)
LR Yy [>:| eabc (gLuCPLv) (NRsuLtc) (deaCdLrb)
i;zi;LNQUL(L _3) y {} Gab: (N::{rdea) (N:{suLtb) (ﬁLvdRuc) (51036)
‘ R Y [] € (NerLpa) (NRsuLtb> (vadRuc)

Odﬁf\_ﬁ%uL(l’ —3) ‘y {, } eabc (NRPCNRT) (NRSULm) (dRudeva) (51037)

012) (—1,3) Y [ wloll €abe (NrRuC'NRo) (3Rfl/u> (3R$CUR§)
y [,} €abe (NRuC'Nrov) (URSVLE) (ERZCER?)

2 2 -
dgvL Ngur

(5.1038)

— 157 —



s J._a —=_ b g . c
OéizinNRﬁR(_1’3> y [} €abe (dRpVLs) (uErVLt) (dLuNRv> . (51039)
b N [] €abe (VLSCVLt) (dLZNRU> (dRZCURr>
O ey (1 =3) |V [F] € (Nridise) (FuC0) (dipaCelrrn) (5.1040)
Tabcjsdaﬁdr 7vduc
ot ey i (13 Y] " (€rodry ) Rtib) PLodrue) (5.1041)
y [} € (VLvdRuc) (eRsCNRt) (deaCdLrb)
r _ abe (N s a N T ULy uc
0% o (1,-3) Y [B i) € . e dLi) (Nwcdio) (o) (5.1042)
LYLIVR Y , a6 eabe NRSCNRt> (TLotRue) (ALpaCdrrb)
5. € (Nrsdipa) (Nredim ) (ELodiue
OL2) 5 (1 -3) PP € i toa) (W) (o) (5.1043)
LELIVR Yy 7 _ eabe NRSCNR,:> (ELvdRuc) (deaCdLrb)
5] Tall cabe (AT — T
ol 1) 2] € b(NdeLpa) (er CN Rt ) (daCllpoe) (5.1040)
R R y a_ e (NRSCNRt> (EerLpa) (dRudeva)
O iy, N3 (1, =3) ‘y [] eabe (NRSCWRt) (WerLpa) (drubCUR ) (5.1045)
O vz (—1,3) |V [BE, 2] €ape (NruC Niw) (drsens) (driCidn?) (5.1046)
OJ%BRVLNR(_L?’)‘J} [] €abe (eRuCNRy) (EREVLt) (ER;‘;CER?) (5.1047)
J_a g.b J.c
Oé;,zieLyLNR(_173) y [] €abe (dRpeLS) (ierVLt) (dLuNRv)b (51048)
" Yy [} €abe (eLsCVLt) (dLgNRy) (ngCdRr>
s J.a b — ¢
0%,12/)2%%(_1’3) Y |wiz ]| €abe (dRpVLs> (dRrVLt> (UEUNRg) b (5.1049)
e N a €abe (VLSCVLt) (UL;:;NRU) (ngCdRr)

6 Conclusion

In this paper, we investigated the operator basis in the vYSMEFT and vLEFT frameworks,
in which the SMEFT is extended with light sterile right-handed neutrinos, its mass ranging
from KeV to tens of GeV. Of course, it is also valid for the right-handed neutrinos with mass
of O(1) TeV if other new particles are much above O(1) TeV. We briefly review the Young
tensor method introduced in a series of our work [5, 7, 12]: starting from the spinor-helicity
formalism and the amplitude-operator correspondence, and then exhibiting the Lorentz and
gauge structure construction of operators using Young tableaux. We utilize this method
to obtain the complete and independent operator basis in ¥SMEFT and vLEFT up to
dimension 9, and illustrate the whole procedure with a specific example of a dimension 9
operator type LN gH D?. Following the same procedure, we listed all the explicit operators
in section 4 and section 5. We also discussed the differences between the Dirac neutrinos
and the Majorana neutrinos, which directly relates to the lepton number U(1)z. If the
lepton number U(1), violating operators are turned on in the YSMEFT and vLEFT, the
neutrinos should be recognized as Majorana neutrinos, otherwise the neutrinos are Dirac.

At the mass dimension 5, 6, 7, 8, 9 in the ¥YSMEFT, we found that there are 2, 29, 80,
323, 1358 independent operators involving the right-handed neutrino for one generation of
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fermions, and 18, 1614, 4206, 20400, 243944 flavor-specified independent operators involving
the right-handed neutrinos for three generation of fermions, as shown in table 3, 4 and 5.
In the vLEFT with the top quark integrated out, at the mass dimension 5, 6, 7, 8, 9, we
found that there are 24, 5223, 3966, 25425, 789426 independent operators involving the
right-handed neutrinos for two generations of up-type quarks and three generations of all
other fermions, as shown in table 6 and 7.

The operator bases in the vYSMEFT and vLEFT can be applied to various physical
processes and give rise to new contributions in addition to those of SMEFT and LEFT. The
vSMEFT and vLEFT have been applied to study various processes involving light sterile
neutrinos at the future colliders and various precision experiments. With the complete
operator bases written down, more physical processes are expected to be explored within the
framework of yYSMEFT and vLEFT, such as various lepton and baryon number violating
processes with sterile neutrinos. Furthermore, the renormalization group (RG) running
equations in the vYSMEFT and vLEFT [41-43], and the matching between the vYSMEFT
and the vLEFT [19, 20] has been investigated up to the dimension 6, although the full
RG running equations are still under construction. After all the above theoretical setup
equipped, it would be ready to explore light sterile neutrino related processes involving
several scales in the EFT framework.
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