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1 Introduction

The modern era of gravitational theory was initiated by Einstein’s General Relativity (GR),
which provided the geometric interpretation of the classical gravity. However, puzzles
already existed when the quantum theory of physics was also discovered at around the same
time, which pointed out that some compromise should be made for the gravitational theory
to be compatible with a quantum theory of matter. The quantum field theory of gravity is
expected to be non-renormalizable since the UV divergences arise at the loop order, requiring
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an infinite number of higher curvature counterterms. From modern point of view [1–4], the
non-renormalizability of the Einstein-Hilbert Lagrangian is understood to mean that the
theory is an effective field theory (EFT), in which loops are made finite by counterterms
provided by the higher curvature terms in the Lagrangian order-by-order. It suggests
that the classical theory of gravity should be regarded as a low-energy effective theory of
some UV completion, often referred to as quantum gravity. Although many impressive
efforts have been made to construct such a UV completion based on the self-consistency
requirement, no direct experiments can yet be conducted to test those theories since the
typical scale is at the Planck mass Mpl, parametrically larger than the energy scale of
current and near-future experiments. In this circumstance, the effective field theory of
gravity [2–4] can be used to describe the quantum effects of gravity at low energies without
knowing the complete theory.

At the same time, the accumulating data from gravitational observations, especially
through the new probe of gravitational waves, are pushing our understanding of gravity
beyond Einstein’s general relativity. Modified gravity [5, 6], which can derive from some
specific theory of quantum gravity or just serve as a phenomenological model, is an active
and diverse area of research in theoretical physics and cosmology, which aims to address
various cosmological and gravitational puzzles, such as the accelerated expansion of the
universe, the nature of dark matter and dark energy, and the behavior of gravity in extreme
environments. From modern point of view, any modified gravity should be understood
as effective field theory of gravity, which allows us to study gravity in a more tractable
and model-independent way at low-energy region. The EFT approach in general starts
from constructing a Lagrangian that includes all possible operators consistent with the
symmetries of the theory and the power counting rules. In the case of gravity, the most
important symmetry is the diffeomorphism, which asserts that the only degree of freedom
for gravity should come from the Riemann curvature tensor of the spacetime manifold. By
including higher-dimensional operators involving the Riemann curvature tensor, the gravity
EFT captures the effects of higher-energy physics on the gravitational interactions in an
organized and controlled manner. By matching the EFT predictions with experimental
or observational data, we can constrain the values of the coefficients associated with the
higher-dimensional operators. This can provide insights into the underlying fundamental
theory of gravity or uncover new phenomena that could be observed in experiments.

The higher-dimensional operators are usually suppressed by the cutoff scale of the EFT
ΛUV. In the case of gravity EFT, it is typically taken to be the Planck scale Mpl, and
thus the low energy effects of these higher dimensional operators are highly suppressed at
energies much lower than the Planck scale. However, to address puzzles in the early universe
the higher dimensional operators in modified gravity could play the important roles, such as
Starobinsky theory [7] and f(R) gravity, scalar-tensor gravity [8], Horava-Lifshitz gravity [9],
etc. In the Higgs inflation [10], the Higgs boson could play the role of inflaton and thus the
non-minimal coupling between the Higgs boson and Ricci scalar affects the Higgs potential
significantly during inflation. Furthermore, there are also higher dimensional theories of
gravity in which the cutoff scale ΛUV is significantly lower than the Planck scale, such as the
large extra dimensions [11], warped dimensions [12], DGP localized gravity [13], low scale
string theory [14], etc. In these cases, higher dimensional operators between graviton field
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and standard model fields is not so suppressed and thus their effects might be testified at
future TeV colliders. To systematically investigate the sub-Planckian low energy effects, it is
necessary to write down the gravity EFT operators. At the same time, the gravity scattering
amplitude plays more and more important roles in the gravity EFT amplitude from double
copy [15, 16], the positivity bounds of gravity EFTs [17–20], corrections on the gravitational
potential and related effects [21, 22] and calculations on gravitational wave for testing the
gravity EFTs [23, 24], etc. All of these call for the complete and independent amplitude
and operator bases for gravity EFTs to serve as a key input for the future gravity EFT
amplitude calculation. However, this task is highly non-trivial because of the redundancies
of total derivative and field redefinition.

In recent years, techniques of on-shell scattering amplitudes have inspired a lot of
new ideas in the area of effective field theory. In particular, it is found to be extremely
convenient to treat effective operators as on-shell amplitudes [25–30], so that the equation
of motion (EOM) redundancy is automatically removed and the integration-by-part (IBP)
redundancy is translated to the requirement of momentum conservation. In this prescription,
also known as the amplitude/operator correspondence, the operators yielding form factors
that vanish on-shell should always be converted to a form with different constituting fields
via field redefinition (usually equivalent to applying the classical equations of motion).
In the case of gravity EFT, according to the on-shell prescription, we eliminate all the
Ricci tensor Rµν and Ricci scalar R in the Lagrangian by field redefinitions because they
do not generate on-shell gravitons. One example is when the non-minimal gravitational
coupling Rf(ϕ) is present in the so-called Jordan frame, one could go to the Einstein
frame by a Weyl transformation where the non-minimal coupling is removed and the scalar
potential is modified. From the on-shell perspective, the operators corresponding to on-shell
amplitudes are written in the Einstein frame, thus no non-minimal couplings involving R
should be present. In fact, the building block that does generate on-shell gravitons is the
Weyl tensor Cµνρσ, and the gravitational non-minimal on-shell couplings [31], which can be
written in terms of Cµνρσ, cannot be removed by field redefinitions and must be retained
in the operator basis. We emphasize that the operator basis from on-shell method only
describes local observables, hence the topological terms such as Gauss-Bonnet which are
total derivative operators are not included in our basis.

Consequently, we generalize the amplitude/operator correspondence to involve the mass-
less spin-2 particles, such that the operator bases can be obtained through constructing the
corresponding amplitude bases, which are constructed using the Young tensor method [30]
that has been applied to various EFTs [28, 32–34]. In the Young tensor method, the
independent Lorentz structures of on-shell amplitudes are identified as the semi-standard
Young tableaux of the primary Young diagram of the SL(2,C)× SU(N) group [28, 35, 36],
and the independent gauge structures are constructed by applying the modified Littlewood-
Richardson rule at the Young tableau level. We also utilize the symmetric group to take
account of the flavor structure of operators in a systematic way when the operators involve
repeated fields [32, 37].

In this work, we consider all kinds of interactions in gravity EFTs, including pure
gravity couplings with higher derivatives, gravity coupled to a scalar field and Goldstone
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field, gravity coupled to a gauge field in Yang-Mills theory and gravity coupled to a fermion
and apply the above method to obtain both the operator bases and the amplitude bases in
these EFTs up to mass dimension 10. Furthermore, we consider two specific gravity EFTs:
the standard model effective field theory (SMEFT) with graviton field extension, and the
low energy effective field theory (LEFT) with graviton field extension, called GRSMEFT
and GRLEFT, respectively. The GRSMEFT operators have been counted [38] using the
Hilbert series method, and listed up to dimension 8 with one-flavor fermion using the
traditional approach. In this work, we utilize the Young tensor method to list both the
operator bases and the amplitude bases in the GRSMEFT and the GRLEFT up to mass
dimension 10.

The paper is organized as follows. In section 2, firstly we introduce the tetrad formalism
to define spinors in curved spacetime, so that the building blocks of gravity EFTs can be
presented as spinors. Then we generalize the amplitude-operator correspondence to involve
massless spin-2 fields and prove the validity of the generalization. At the end of the section,
we use examples to show the conversions between operators presented by spinor indices
and operators presented by Lorentz indices. In section 3, we list the operator bases and
amplitude bases of pure gravity couplings and gravity coupled to a Goldstone scalar, a gauge
boson, a fermion up to dimension 10. In section 4 and section 5, we list the operator bases
and amplitude bases in the GRSMEFT and the GRLEFT up to dimension 10 respectively.

2 Gravity in Spinor-helicity formalism

2.1 Notation and building blocks

2.1.1 The tetrad (vielbein) formalism and spinors in curved spacetime

In curved spacetime, the tangent space at each point is a Minkowski space, so we can
introduce a local Lorentz frame at each point x, with basis vectors eµ(x) constituting a
tetrad of the 4-dimensional spacetime, or vielbein in other dimensions. For a coordinate
patch {xµ′} of the spacetime manifold (µ′ labels the spacetime coordinates), we have
the local basis transformation eµ(x) = eµ

µ′(x) ∂

∂xµ′ . Requiring the basis vectors to be
orthonormal gives,

eµ′µ(x)eν′µ(x) = gµ′ν′(x), (2.1)

or equivalently
eµ′µ(x)eµ′ν(x) = ηµν , (2.2)

where gµ′ν′ is the metric tensor for the coordinate patch, and

ηµν = ηµν =


1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1

 . (2.3)

The tetrad is related to the metric by

gµ′ν′ = eµ′µeν′νηµν . (2.4)
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Using e we can change indices from spacetime indices to tangent space indices or vice versa,

V µ = eµ′µV µ′
, V µ′ = eµ′

µV
µ. (2.5)

In order to define the spinors in a curved spacetime, first we introduce the Van der
Waerden symbols (σ matrices) which give a mapping from spin space to Minkowski space
as follows,

(σ0)αα̇ =
(
1 0
0 1

)
, (σ1)αα̇ =

(
0 1
1 0

)
,

(σ2)αα̇ =
(
0 −i
i 0

)
, (σ3)αα̇ =

(
1 0
0 −1

)
.

(2.6)

The Van der Waerden symbols fulfill the following algebraic properties:

σµ
αα̇σµββ̇ = 2ϵαβϵα̇β̇ , Tr[σµσ̄ν ] = σµ

αα̇σ̄
να̇α = 2ηµν , (2.7)

where

ϵαβ = −ϵαβ = ϵα̇β̇ = −ϵα̇β̇ =
(
0 −1
1 0

)
, σ̄ =

(
σ0,−σ⃗

)
, (2.8)

so that ϵαβϵ
βγ = δγ

α. ϵαβ , ϵα̇β̇ can be used to raise and lower spinor indices in the following
way:

ϵαβξ
β = ξα, ξα = ϵαβξβ . (2.9)

In curved spacetime, the Minkowski space is replaced by the tangent space at each point.
We can choose a smooth orthonormal (restricted) tetrad eµ′µ(x) and define the σ’s in the
local frame of the tangent space as eq. (2.6). Since the components of a tensor in the local
frame and the spacetime frame are connected by eq. (2.5), we can define the mapping from
the tensors in spacetime frame to spinors in the local frame as

σµ′

αα̇(x) = eµ′
µ(x)σµ

αα̇, (2.10)

fulfilling
σµ′

αα̇σµ′ββ̇ = 2ϵαβϵα̇β̇ , σµ′

αα̇σ
ν′αα̇ = 2gµ′ν′

. (2.11)

For example, the gauge field in the chiral basis FL/R = 1
2(F ± iF̃ ) can be presented as

FLαβ = i

2FLµ′ν′σµ′ν′

αβ = i

2FLµ′ν′eµ′
µe

ν′
νσ

µν
αβ = i

2FLµνσ
µν
αβ ,

FRα̇β̇ = − i

2FRµ′ν′ σ̄µ′ν′

α̇β̇
= − i

2FRµ′ν′eµ′
µe

ν′
ν σ̄

µν

α̇β̇
= − i

2FRµν σ̄
µν

α̇β̇
,

(2.12)

where

σµν
αβ = i

2(σ
µσ̄ν − σν σ̄µ)αβ , (2.13)

σ̄µν

α̇β̇
= i

2(σ̄
µσν − σ̄νσµ)α̇β̇ . (2.14)
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The covariant derivative satisfies1

Dλ′gµ′ν′ = 0, Dµ′eν′µ = 0, (2.15)

and corrects local Lorentz and spinor indices with the spin connection ωµ′µν , where

ωµ′µν = eν′µ∂µ′eν′ν + eν′µΓν′
µ′λ′eλ′ν , (2.16)

Γλ′
µ′ν′ = 1

2g
λ′σ′ (

∂µ′gν′σ′ + ∂ν′gσ′µ′ − ∂σ′gµ′ν′
)
. (2.17)

In general cases, the covariant derivative acting on a field f takes the form

Dµ′fx =
(
δx

y∂µ′ − i

2ωµ′µν
(
X[µν]

)x

y

)
fy. (2.18)

For example, for the spinor representation X[µν] = −σµν

2 , while for the vector representation
(X[µν])ρ

κ = i(δµ
ρηνκ − δν

ρηµκ). The components of the covariant derivative in the tangent
space are just

Dµ = eµ′
µDµ′ , Dαα̇ = Dµσ

µ
αα̇, (2.19)

and satisfies
[Dµ, Dν ] = −iX[ρκ]Rµν

ρκ, (2.20)

where Rµν
ρκ is the Riemann tensor in the tangent space and the gauge structure of the

covariant derivative is not considered. In the following content, all operators and relations
are written down in a local frame of the tangent space.

2.1.2 Building blocks of gravity EFTs

In general relativity, the Riemann tensor Rµνρσ can be decomposed into irreducible repre-
sentations of the Lorentz group as

Rµνρσ ∼ (1, 1)⊕ (2, 0)⊕ (0, 2)⊕ (0, 0). (2.21)

The (1, 1) and the (0, 0) representations can be recognized as the traceless part of Ricci tensor
Rµν and the Ricci scalar R respectively, and the component transforming as (2, 0)⊕ (0, 2)
is the Weyl tensor Cµνρσ.

Cµνρσ ≡ Rµνρσ −
(
ηµ[ρRσ]ν − ην[ρRσ]µ

)
+ 1

3ηµ[ρ ησ]νR. (2.22)

In gravity EFTs, any effective operator involving Rµν or R can be eliminated by a field
redefinition of the metric [38], which is equivalent to substituting the EOM of GR, that is,
the Einstein’s equations, at the leading order of the field redefinition. For example, consider
the following effective action

Seff =
∫
d4x

√
−g

[
−
M2

pl
2 R+ Lmatter + aR2 + bRµνR

µν + cϕ2R+ . . .

]
, (2.23)

1We emphasize that the covariant derivative D is different from the connection ∇ since D counts the
Lorentz and gauge structure of a tensor in the tangent space while ∇ does not. For example, Dµ′eν′

µ =
∂µ′eν′

µ − Γλ′
µ′ν′eλ′

µ + ωµ′
µ

νeν′
ν while ∇µ′eν′

µ = ∂µ′eν′
µ − Γλ′

µ′ν′eλ′
µ.
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where ϕ is a scalar field and the term cϕ2R is a non-minimal coupling of gravity and the
scalar field. After a field redefinition of the metric

gµν → gµν − 2
M2

pl
∆gµν , ∆gµν =

(
a+ b

2

)
Rgµν − bRµν + cϕ2gµν , (2.24)

the effective action eq. (2.23) becomes

Seff →
∫
d4x

√
−g

[
−
M2

pl
2 R+ Lmatter −

1
M2

pl

(
a+ b

2

)
TR+ b

M2
pl
TµνRµν − c

M2
pl
Tϕ2

+O
(

1
M4

pl

)
+ . . .

]
,

(2.25)
where Tµν ≡ 2√

−g
δ(
√
−gLmatter)

δgµν
and T ≡ Tµνgµν . Comparing eq. (2.25) with eq. (2.23), one

can explicitly see that the dimension-4 effective operators involving Rµν or R in eq. (2.23)

disappear while higher-dimensional operators emerge in eq. (2.25), and the order O
(

1
M2

pl

)
terms in eq. (2.25) can be obtained by substituting the following trace-reversed Einstein’s
equations into the dimension-4 effective operators once in eq. (2.23),

Rµν = 1
M2

pl

(
Tµν − 1

2Tgµν

)
. (2.26)

Similarly, other field redefinitions of metric can be performed to further eliminate the
operators involving Rµν or R in eq. (2.25) until all of them are eliminated. It should be
noted that the field redefinition ∆gµν ∝ ϕ2gµν is a Weyl transformation that remove the
non-minimal coupling cϕ2R, so the effective action eq. (2.25) is in the Einstein frame, and
so are the effective operators in the following content.

Since the Weyl tensor and the Riemann tensor only differ by terms that involve Rµν

or R, we can use the Weyl tensor Cµνρσ instead of the Riemann tensor Rµνρσ to construct
EFT operators. The following contracted Bianchi identities,

DµRµνρσ = 2D[ρRσ]ν , DµRµν = 1
2DνR, (2.27)

imply the EOM of the Weyl tensor

DµCµνρσ = D[ρRσ]ν + 1
6ην[ρDσ]R, (2.28)

where the terms on the right-hand side only involve the Ricci tensor Rµν and Ricci scalar
R, and thus can be replaced via the EOM. Furthermore, the Bianchi identity

DκRµνρσ +DρRµνσκ +DσRµνκρ = 0 (2.29)

implies that similar relation holds for the Weyl tensor

DκCµνρσ +DρCµνσκ +DσCµνκρ = 0 (2.30)
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up to terms that can be removed by the EOM. Eq. (2.30), together with the EOM
of the Weyl tensor eq. (2.28), implies that D2Cµνρσ is redundant as well. Similarly for
C̃µνρσ = 1

2ϵ
µνλξCλξ

ρσ, one can straightforwardly find that DµC̃µνρσ and D2C̃µνρσ are
redundant from eq. (2.30).

In analogy to the gauge field, the Weyl tensor Cµνρσ can be decomposed into its
irreducible parts of the Lorentz group,

CL/Rµνρσ = 1
2
(
Cµνρσ ∓ iC̃µνρσ

)
, (2.31)

where C̃µνρσ = 1
2ϵ

µνλξCλξ
ρσ, ϵ0123 = 1. Furthermore, the left-handed and right-handed

Weyl tensors can be defined in the local spinor space through the Van der Waerden symbols
introduced in eq. (2.6),

CLαβγδ = −1
4CLµνρλσ

µν
αβσ

ρλ
γδ , CRα̇β̇γ̇δ̇ = −1

4CRµνρλσ̄
µν

α̇β̇
σ̄ρλ

γ̇δ̇
. (2.32)

It is straightforward to verify that all the spinor indices in CL and CR are totally symmetric.
To conclude, the Lorentz structure of the building blocks in general gravity EFTs are

presented as fields and covariant derivatives denoted by the irreducible representations
under the Lorentz group SL(2,C) = SU(2)l × SU(2)r in the tangent space, that is,

ϕ ∈ (0, 0), ψα ∈ (1/2, 0), ψ†
α̇ ∈ (0, 1/2),

FLαβ = i

2Fµνσ
µν
αβ ∈ (1, 0), FRα̇β̇ = − i

2Fµν σ̄
µν

α̇β̇
∈ (0, 1),

CLαβγδ = −1
4Cµνρλσ

µν
αβσ

ρλ
γδ ∈ (2, 0), CRα̇β̇γ̇δ̇ = −1

4Cµνρλσ̄
µν

α̇β̇
σ̄ρλ

γ̇δ̇
∈ (0, 2),

Dαα̇ = Dµσ
µ
αα̇ ∈ (1/2, 1/2).

(2.33)

2.2 Amplitude-operator correspondence and Young tableau method

The amplitude-operator correspondence for massless fields with helicity |h| ≤ 1 was in-
troduced in ref. [32] and generalized to cases involving massive scalars and fermions in
ref. [33]. In order to apply the correspondence to general gravity EFTs, it should be further
generalized to involve fields with helicity |h| = 2. Intuitively, the generalized correspondence
can be presented as follows,

Dri−2CL/R i ⇔ λri±2
i λ̃ri∓2

i ,

Dri−1FL/R i ⇔ λri±1
i λ̃ri∓1

i ,

Dri−1/2ψ
(†)
i ⇔ λ

ri±1/2
i λ̃

ri∓1/2
i ,

Driϕi ⇔ λri
i λ̃

ri
i ,

(2.34)

where i labels the ith field in an operator, i ∈ {1, 2, · · · , N}, and N denotes the number
of fields in the operator. ri is a positive integer or half-integer depending on whether the
field is bosonic or fermionic. However, as we illustrated for |h| ≤ 1 fields in ref. [32], the
correspondence for CL/R i is exact if and only if all left(right)-handed spinor indices in the
building block Dri−2CL/R i are totally symmetric.
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To prove that, let us consider all the left-handed spinor indices in Dri−2CLi. The
symmetry of the right-handed spinor indices spinor indices in Dri−2CLi and the symmetry
of the spinor in Dri−2CRi can be proved similarly. Firstly it should be noted that the spinor
indices of CL i are totally symmetric since CL ∈ (2, 0). Secondly, if two left-handed spinor
indices of the covariant derivatives in Dri−2CL i are antisymmetric, then

D[αα̇Dβ]β̇ = DµDνσ
µ
[αα̇σ

ν
β]β̇ = −D2ϵαβϵα̇β̇ + i

2[Dµ, Dν ]ϵαβσ̄
µν

α̇β̇
. (2.35)

The first term on the right side in eq. (2.35) acting on CL gives D2CL, and the second term
is just the covariant derivative commutator eq. (2.20), which after the replacement will
transform the operator to other type, so the left side in eq. (2.35) can be equivalently set to
zero if one enumerates operators type by type. Thirdly, if one left-handed spinor index of
the covariant derivative and one left-handed spinor index of the CL are antisymmetric, then

D[αα̇CL β]γδϵ = −1
4DµCνρσλσ

µ
[αα̇σ

νρ
β]γσ

σλ
δϵ

= i

8ϵαβDµCνρσλ [2ηρµ(σν)γα̇ + iϵνρµκ(σκ)γα̇] (σσλ)δϵ

= − i

4ϵαβ(σν)γα̇(σσλ)δϵD
µCµνσλ, (2.36)

which is the EOM of the Weyl tensor and thus can also be set to zero.
To conclude, only the totally symmetric part of Dri−2CL/R i needs to be considered

in operator construction perspective, so the amplitude-operator correspondence can be
naturally generalized for |h| = 2 fields as in eq. (2.34). With such an amplitude-operator
correspondence, a set of non-redundant operators can be constructed by finding an on-shell
amplitude basis utilizing the Young tableau method introduced in ref. [28].

Here we briefly introduce the Young tableau method to obtain on-shell amplitudes
basis. The on-shell amplitudes of N particles involving 2n λs and 2ñ λ̃s span a irreducible
representation of SU(N) group denoted by the following primary Young diagram,

YN,n,ñ =

N
−

2


. . .

n︷ ︸︸ ︷
. . .

...
...

︸ ︷︷ ︸
ñ

. . .

(2.37)

The independent on-shell amplitudes can be recognized as the basis vectors of the irreducible
representation, and the basis vectors are given by semi-standard Young tableaux (SSYTs) of
the Young diagram. Here the amplitudes being independent means that the redundancies of
total momentum conservation and the Schouten identity are removed, and the independence
is guaranteed by the Fock’s condition of Young tableaux. The SSYTs can be obtained from
filling the Young diagram with numbers i ∈ {1, · · · , N}, and the multiplicity of the number
i, #i = ñ − 2hi, where hi denotes the helicity of the ith particle, and the label i of the
corresponding particle are determined by setting the helicity sequence {hi} in an ascending
order. The SSYTs can be translated to amplitudes column by column using the following
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rules

⟨ij⟩ ∼ i
j
, Ek1...kN−2ij [ij] ∼

k1

k2

...
kN−2


N

−
2 , (2.38)

where E is the Levi-Civita tensor of the SU(N) group.
The gauge structures of on-shell amplitudes are the Levi-Civita tensors contracted with

fundamental representation indices of fields if all the fields are expressed with fundamental
representation indices only. In fact, a field as a irreducible representation of the gauge
group can always be presented in a form with fundamental representations indices with
certain permutation symmetries. Here we lists some simple examples to show that field
of non-fundamental representaion can be expressed in terms of tensor with fundamental
indices only, which also correspond to Young tableaux denoting the permutation symmetries
of their indices,

ϵacdλ
Ad

bG
A = Gabc ∼ a b

c
,

ϵabcQ
†,c = Q†

ab ∼
a
b
,

ϵjkτ
Ik

iW
I =Wij ∼ i j ,

ϵijH
†,j = Hi ∼ i .

(2.39)

The independent gauge basis are obtained through constructing singlet representations
Young tableaux from the gauge Young tableaux of all fields for each gauge group using the
modified Littlewood-Richardson rule [28]. The direct product of the gauge basis and the
Lorentz basis gives the y-basis of on-shell amplitudes.

2.3 Conversion

In ref. [28], in order to get monomial operators, we started from the amplitude y-basis,
which is directly translated to a basis of monomial operators with spinor indexed building
blocks such as Dαα̇ and FLαβ , and convert them into the form with Lorentz indexed building
blocks Dµ and FLµν . Nevertheless, it is usually not efficient, especially when the conversion
between the two forms are time consuming, or when there are way more monomials than
necessary. In the gravity EFT, the conversion inevitably involves a very long chain of σ or
γ matrices, which is indeed time consuming. In ref. [39], the chiral perturbation theory was
studied where the monomial basis (m-basis) is obtained in a reversed process, which we
adopt here. We directly construct a set of Lorentz invariant operators {O′

i} by traversing
different contractions of the Lorentz indices, which form an over-complete m-basis. It is a
lot easier to dressing all the Lorentz indices in operators with σ and extract the on-shell
amplitudes they generate. Afterwards, with the reduction rules introduced in ref. [28],
one can reduce the amplitudes onto the y-basis, and then independent operators among
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{O′
i} can be selected by requiring their coordinates under the y-basis to be numerically

independent vectors. We’ll see two examples to illustrate the process.
The first example is the type D2LL†QQ†, it is straightforward to write down the

following over-complete operators based on the properties of γ matrices,

D2LL†QQ†

O′
1 (DµLpiD

µQraj)(L†
s
iQ†

t
aj)

O′
2 (DµLpiD

µQraj)(L†
s
jQ†

t
ai)

O′
3 (DµLpiQraj)(DµL†

s
iQ†

t
aj)

O′
4 (DµLpiQraj)(DµL†

s
jQ†

t
ai)

O′
5 (DµLpiDνQraj)(L†

s
iσ̄µνQ†

t
aj)

O′
6 (DµLpiDνQraj)(L†

s
j σ̄µνQ†

t
ai)

O′
7 (DνLpiσµL

†
s
i)(DµQrajσνQ

†
t
aj)

O′
8 (DνLpiσµQ

†
t
aj)(DµQrajσνL

†
s
i)

O′
9 (DµLpiσµL

†
s
i)(DνQrajσνQ

†
t
aj).

(2.40)

The on-shell amplitudes generated by the operators in eq. (2.40) can be expanded on the
amplitude y-basis:

Y-basis A
(
Li(1), Qaj(2), L†k(3), Q†bl(4)

)
A(y)

1 δi
kδ

j
l δ

a
b ⟨12⟩⟨34⟩[34]2

A(y)
2 δi

kδ
j
l δ

a
b ⟨13⟩⟨24⟩[34]2

A(y)
3 δi

lδ
j
kδ

a
b ⟨12⟩⟨34⟩[34]2

A(y)
4 δi

lδ
j
kδ

a
b ⟨13⟩⟨24⟩[34]2

(2.41)

and the coefficient matrix is obtained as

1
2 0 0 0
0 0 1

2 0
0 −1

2 0 0
0 0 0 −1

2
− i

2 i 0 0
0 0 − i

2 i

−1 1 0 0
0 1 0 0
0 0 0 0


, (2.42)

where the coefficients in the last row being all 0 is the consequence of O′
9 corresponding to

the EOM redundancy. From eq. (2.42) one can choose 4 independent rows of the matrix as
a complete basis of D2LL†QQ†, for example, the 4 rows which are marked red in eq. (2.42).
We can also give priority to O′

7, O′
8 if necessary. We don’t even need to list all the alternative

operators O′
i at the beginning. Our package checks the independence of each candidate

during the construction until obtaining the complete base. The method avoids dealing
with a long chain of σ matrices and is especially time saving for types including gravitons
as will be demonstrated in the next example. The second example is type C5

L. To focus
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on the independence of the Lorentz structure, it is straightforward to write down the
following contractions.

C5
L

O′
1 CL1µνλρCL2ηξ

λρCµνηξ
L3 CL4τυϕχC

τυϕχ
L5

O′
2 CL1µνλρC

µνλρ
L2 CL3ηξτυCL4ϕχ

τυCηξϕχ
L5

O′
3 CL1µνλρCL2ηξ

λρCL3τυ
ηξCL4ϕχ

µνCϕχτυ
L5

O′
4 CL1µνλρCL2ηξτυC

µνλρ
L3 CL4ϕχ

τυCϕχηξ
L5

O′
5 CL1µνλρCL2ηξτυC

τυλρ
L3 CL4ϕχ

µνCϕχηξ
L5

O′
6 CL1µνλρCL2ηξ

λρCL3τυ
ηξCL4ϕχ

τυCϕχµν
L5

O′
7 CL1µνλρCL2ηξτυC

τυλρ
L3 CL4ϕχ

ηξCϕχµν
L5

O′
8 CL1µνλρCL2ηξτυC

ηξτυ
L3 CL4ϕχ

λρCϕχµν
L5

O′
9 CL1µνλρCL2ηξ

λρCL3τυϕχC
µνηξ
L4 Cτυϕχ

L5
O′

10 CL1µνλρCL2ηξ
λρCL3τυϕχC

µνϕχ
L4 Cτυηξ

L5
O′

11 CL1µνλρCL2ηξτυCL3ϕχ
λρCµντυ

L4 Cϕχηξ
L5

O′
12 CL1µνλρCL2ηξτυCL3ϕχ

τυCµνλρ
L4 Cϕχηξ

L5
O′

13 CL1µνλρCL2ηξ
λρCL3ϕχτυC

ϕχηξ
L4 Cτυµν

L5
O′

14 CL1µνλρCL2ηξτυCL3ϕχ
λρCηξτυ

L4 Cϕχµν
L5

O′
15 CL1µνλρCL2ηξτυCL3ϕχ

τυCηξλρ
L4 Cϕχµν

L5
O′

16 CL1µνλρCL2ηξτυCL3ϕχ
λρCµνϕχ

L4 Cηξτυ
L5

O′
17 CL1µνλρCL2ηξτυCL3ϕχ

τυCηξϕχ
L4 Cµνλρ

L5
O′

18 CL1ηξτυCL2ϕχ
τυCL3µνλρC

µνλρ
L4 Cηξϕχ

L5
...

...

(2.43)

Again, each operator in eq. (2.43) can be expanded on the amplitude y-basis

Y-basis A (CL1, CL2, CL3, CL4, CL5)
A(y)

1 ⟨12⟩4 ⟨34⟩2 ⟨35⟩2 ⟨45⟩2

A(y)
2 ⟨13⟩4 ⟨24⟩2 ⟨25⟩2 ⟨45⟩2

A(y)
3 ⟨13⟩3 ⟨14⟩ ⟨24⟩2 ⟨25⟩2 ⟨35⟩ ⟨45⟩

A(y)
4 ⟨13⟩2 ⟨14⟩2 ⟨24⟩2 ⟨25⟩2 ⟨35⟩2

A(y)
5 ⟨12⟩3 ⟨14⟩ ⟨24⟩ ⟨34⟩ ⟨35⟩3 ⟨45⟩

A(y)
6 ⟨12⟩3 ⟨13⟩ ⟨24⟩ ⟨34⟩ ⟨35⟩2 ⟨45⟩2

A(y)
7 ⟨12⟩3 ⟨13⟩ ⟨23⟩ ⟨34⟩ ⟨35⟩ ⟨45⟩3

A(y)
8 ⟨12⟩ ⟨13⟩3 ⟨23⟩ ⟨24⟩ ⟨25⟩ ⟨45⟩3

A(y)
9 ⟨12⟩ ⟨13⟩3 ⟨24⟩2 ⟨25⟩ ⟨35⟩ ⟨45⟩2

A(y)
10 ⟨12⟩ ⟨13⟩ ⟨14⟩2 ⟨24⟩2 ⟨25⟩ ⟨35⟩3

A(y)
11 ⟨12⟩ ⟨13⟩2 ⟨14⟩ ⟨24⟩2 ⟨25⟩ ⟨35⟩2 ⟨45⟩

A(y)
12 ⟨12⟩2 ⟨13⟩2 ⟨23⟩2 ⟨45⟩4

A(y)
13 ⟨12⟩2 ⟨14⟩2 ⟨24⟩2 ⟨35⟩4

A(y)
14 ⟨12⟩2 ⟨13⟩2 ⟨23⟩ ⟨24⟩ ⟨35⟩ ⟨45⟩3

A(y)
15 ⟨12⟩2 ⟨13⟩ ⟨14⟩ ⟨24⟩2 ⟨35⟩3 ⟨45⟩

A(y)
15 ⟨12⟩2 ⟨13⟩2 ⟨24⟩2 ⟨35⟩2 ⟨45⟩2

. (2.44)
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The coefficient matrix is obtained as

1
32



0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 −2 0 0 0 0 0 0 0 0 0 1
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 2 −2 0 0 1 0 −2 0 1
1 0 0 0 0 −2 2 0 0 0 0 1 0 −2 0 1
0 1 0 0 0 0 0 0 −2 0 0 0 0 0 0 1
1 1 0 0 0 −4 2 2 −4 0 0 1 0 −6 0 6
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
1 0 0 0 2 −2 0 0 0 0 0 0 1 0 −2 1
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 1 2 −4 0 0 0 −2 2 0 1 0 −4 3
0 0 0 0 0 0 0 0 0 0 0 0 1 0 −2 1
0 0 0 1 0 0 0 0 0 0 −2 0 0 0 0 1
0 0 0 1 0 0 0 0 0 −2 0 0 1 0 0 0
0 1 −2 1 0 0 0 2 −4 0 2 1 0 −4 0 3
0 1 −2 1 0 0 0 0 −2 −2 4 0 1 0 −2 1
1 0 0 0 2 −6 2 0 0 0 0 1 1 −4 −4 6

· · ·



. (2.45)

From eq. (2.45) one can choose 16 independent rows of the matrix as a complete Lorentz
basis of C5

L, for example, the 16 rows which are marked red in eq. (2.45). Although the list
of Lorentz invariant operators in eq. (2.43) goes on beyond the 18 explicitly written ones,
we may stop here because we have already found 16 independent structures, and any other
structures can be expressed as linear combinations of the basis just by solving the linear
equation of the coordinates.

Note that the 16 operators are independent under the assumption that the five Weyl
tensors are distinguishable by an extra label {1, 2, 3, 4, 5} as in eq. (2.43). In gravity EFTs,
all the Weyl tensors are indistinguishable, and we should consider the totally symmetric
amplitudes that satisfy the Bose symmetry of the gravitons. This is done by directly
symmetrizing the monomial y-basis amplitude with the corresponding particle labels. After
symmetrization, the resulting amplitudes can still be projected onto the y-basis and obtained
the corresponding coordinates forming the coefficient matrix similar to eq. (2.45), from
which one can select the independent components and record the y-basis amplitudes they
symmetrize from as the so-called f-basis as introduced in ref. [30]. These monomial f-basis
amplitudes after the selection are reported as the amplitude basis in the remaining sections
of our paper. Specifically, for the aforementioned C5

L, all the amplitude are symmetrized
to a single form ⟨12⟩4 ⟨34⟩2 ⟨35⟩2 ⟨45⟩2 + symm(12345) resulting only one f-basis. Such a
technique can also be used to find the f-basis in the presence of repeated gauge field strength
tensors and generalize to the cases including repeated fermion with generation larger than
one, where non-trivial flavor symmetries can appear and are encoded in the symmetry
properties of the Wilson coefficients [30, 32]. Obviously, this technique can also apply to the
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operator form and obtain the f-basis monomial for each operator type/class and is exactly
the meaning of the “operator” reported in tables in the rest of our paper, and the relevant
concepts are first illustrated in ref. [30].

3 On-shell amplitude/operators in generic gravity EFTs

In this section, we list the Lorentz factors in Gravity EFTs up to dimension 10. We
divide them into the following classes. Note that the operators on the right column are
not in one-to-one correspondence to the amplitudes on the middle column since some
of the corresponding amplitudes are too long to exhibit. Thus we put the independent
monomials in this table, and the true physical amplitudes should be understood as the
total (anti-)symmetrization of particle number labels of the identical bosons(fermions). For
example, the dim-9 pure gravity operator C4

L, in the column of amplitudes, it gives a form
of monomial ⟨12⟩4⟨34⟩4, the physical amplitude should be understood as:

AC4
L

phys = ⟨12⟩4⟨34⟩4 + symm (1234). (3.1)

Similarly, as an example, in the Einstein-Yang-Mills theory, for the operator type CLF
2
LF

2
R,

the last amplitude should be symmetrized to:

δA2A4δA3A5 ⟨12⟩2 ⟨13⟩3 [45]2 →
(
δA2A4δA3A5 ⟨12⟩2 ⟨13⟩3 [45]2 + symm (23)

)
+ symm (45).

(3.2)
In the presence of fermion, the Wilson coefficients with flavor indices may present in

the amplitude form, they are denoted in the following format:2

CP T1,P T2,...
{fi},{fj},..., (3.3)

where PT1, PT2, . . . represent the shape of the Young diagrams corresponding to the
irreducible representations of the permutation group for the repeated fermion fields,3 and
{fi}, {fj}, . . . are sets of flavor indices separated by commas for each group of repeated
fermion fields. For example, for the operator class C2

Lψ
2ψ†2 of the Gravity-Fermion theory,

the amplitude contains the Wilson coefficients C [2],[2]
f3f4,f5,f6

, it tells that f3, f4 are flavor indices
for identical particles annihilated by the repeated fields ψ, and f5, f6 are flavor indices for
identical particles annihilated by the repeated fields ψ†. The superscript [2], [2], denotes
the partition and the shape of the Young diagrams denoting the irreducible representations
of the Wilson coefficient under the symmetric group regarding to the permutation of the
flavor indices f3, f4 and f5, f6 respectively. Here [2] represents , which indicates that
C

[2],[2]
f3f4,f5,f6

are symmetric under the permutation of the either f3, f4 or f5, f6. In more
general cases, the Wilson coefficients tensor is said to have permutation symmetry of certain
Young diagrams, meaning it is unchanged under the acting of the corresponding normalized
Young symmetrizer of the standard Young tableau. For example, for the operator of the

2In principle, the Wilson coefficients also present in the amplitude for the operators without fermions,
but in those cases, the corresponding Wilson coefficients are just one-dimension parameters, so we neglect
them for notational convenience.

3In this section we only consider two kinds of neutral fermion ψ and ψ† in the Gravity-Fermion theory.
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class CLψ
3ψ†D, the amplitude of which contains the Wilson coefficients C[2,1]

f2f3f4,f5
, and this

coefficients has the following properties:

Y
(

2 3
4

)
◦ C[2,1]

f2f3f4,f5
= 1

3
(
C[2,1]

f2f3f4,f5
+ C[2,1]

f3f2f4,f5
− C[2,1]

f4f3f2,f5
− C[2,1]

f4f2f3,f5

)
≡ C[2,1]

f2f3f4,f5
. (3.4)

On the other hand, for the operator form, we use the Young symmetrizer Y to indicate
the permutation symmetry of the corresponding Wilson coefficient that contracts with
the operator in the Lagrangian term. It is pointed out at the beginning of the section 4.4
in ref. [32] that, after contracting with the flavor indices to form a Lagrangian term,
demanding the permutation symmetry on the Wilson coefficient is equivalent to demanding
the permutation symmetry on the corresponding operator.

Lastly, we comment that if the class has only one operator, then the operator and the
amplitude are in one-to-one correspondence. For the operator class including fermions,
if the operator of the particular permutation symmetry only has one component, then
the operators on the right and the amplitudes on the left are one-to-one correspondence.
Otherwise, the operator on the left may generate amplitude as a linear combination of the
amplitude basis on the left. For example, for the operator class CLψ

2ψ†2D2, we have only
one operator that is totally symmetric under the exchange of flavor indices pr and st, the
amplitude it generates must be the one proportional to C[2],[2]

f2f3,f3f4
on the left after proper

symmetrization. This is not the case for the operator that is anti-symmetric under the
exchange of the same set of flavor indices in the last two lines in this operator class, the
amplitude C[1,1],[1,1]

f2f3,f4f5
⟨12⟩ ⟨13⟩3 [34][35]+anti-symm(23)+anti-symm(45) should be generated

by the linear combination of the operators in the last two lines in the right column.

3.1 Pure gravity

First, we list the local amplitudes and effective operators for pure gravity. Note that CL
and CR are viewed as different fields that annihilate the different particles in the amplitude.

Pure Gravity
dimension class amplitude operator

dim-6 C3
L ⟨12⟩2 ⟨13⟩2 ⟨23⟩2 CLµνρσC

µνλδ
L CLλδ

ρσ

dim-8 C4
L ⟨12⟩4 ⟨34⟩4 CLµνρσC

µνρσ
L CLληξτC

ληξτ
L

C2
LC

2
R ⟨12⟩4 [34]4 CLµνρσC

µνρσ
L CRληξτC

ληξτ
R

dim-10

C4
LD

2 ⟨12⟩4 ⟨34⟩4 s34 CLµνρσC
µνρσ
L DζCLληξτD

ζCληξτ
L

C2
LC

2
RD

2 ⟨12⟩2 [34]2s34 CLµνρσC
µνρσ
L DζCRληξτD

ζCληξτ
R

C5
L ⟨12⟩4 ⟨34⟩2 ⟨35⟩2 ⟨45⟩2 CLµνλρCLτυϕχC

µνηξ
L Cτυϕχ

L CLηξ
λρ

C3
LC

2
R ⟨12⟩2 ⟨13⟩2 ⟨23⟩2 [34]4 CLµνλρCRτυϕχC

µνηξ
L Cτυϕχ

R CLηξ
λρ

3.2 Scalar gravity (including Goldstone scalar)

Second, we list the amplitudes and operators in Gravity EFT with an extra scalar. To
concentrate on the Lorentz structure, the scalar is set to be hermitian and a singlet under
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any gauge group.

Scalar Gravity
dimension class amplitude operator

dim-5 C2
Lϕ ⟨12⟩4 CLµνρσC

µνρσ
L ϕ

dim-6 C2
Lϕ

2 ⟨12⟩4 CLµνρσC
µνρσ
L ϕ2

dim-7 C3
Lϕ ⟨12⟩2 ⟨13⟩2 ⟨23⟩2 CLµνρσC

µνλη
L CLλη

ρσϕ

C2
Lϕ

3 ⟨12⟩4 CLµνρσC
µνρσ
L ϕ3

dim-8
C2

Lϕ
2D2 ⟨12⟩4 s34 CLµνρσC

µνρσ
L DλϕD

λϕ

C3
Lϕ

2 ⟨12⟩2 ⟨13⟩2 ⟨23⟩2 CLµνρσC
µνλη
L CLλη

ρσϕ2

C2
Lϕ

4 ⟨12⟩4 CLµνρσC
µνρσ
L ϕ4

dim-9

CLϕ
3D4 ⟨13⟩2 ⟨14⟩2 [34]2 Cµνρσ

L ϕDµDνϕDρDσϕ

C4
Lϕ ⟨12⟩4 ⟨34⟩4 CLµνρσC

µνρσ
L CLηλξτC

ηλξτ
L ϕ

C2
LC

2
Rϕ ⟨12⟩4 [34]4 CLµνρσC

µνρσ
L CRηλξτC

ηλξτ
R ϕ

C2
Lϕ

3D2 ⟨12⟩4 s45 CLµνρσC
µνρσ
L ϕDλϕD

λϕ

C3
Lϕ

3 ⟨12⟩2 ⟨13⟩2 ⟨23⟩2 CLµνρσC
µνλη
L CLλη

ρσϕ3

C2
Lϕ

5 ⟨12⟩4 CLµνρσC
µνρσ
L ϕ5

dim-10

C2
Lϕ

2D4 ⟨12⟩4 s2
34 CLµνρσC

µνρσ
L DλDηϕD

λDηϕ

⟨12⟩2 ⟨13⟩2 ⟨24⟩2 [34]2 CLµνρσC
µνλη
L DλDηϕD

ρDσϕ

CLCRϕ
2D4 ⟨13⟩4 [23]4 CLµνρσC

ηνλσ
R ϕDλDηD

ρDµϕ

C3
Lϕ

2D2 ⟨12⟩2 ⟨13⟩2 ⟨23⟩2 s45 CLµνρσC
µνλη
L CLλη

ρσDξϕD
ξϕ

CLϕ
4D4 ⟨14⟩2 ⟨15⟩2 [45]2 Cµνρσ

L ϕ2DµDνϕDρDσϕ

C4
Lϕ

2 ⟨12⟩4 ⟨34⟩4 CLµνρσC
µνρσ
L CLηλξτC

ηλξτ
L ϕ2

C2
LC

2
Rϕ

2 ⟨12⟩4 [34]4 CLµνρσC
µνρσ
L CRηλξτC

ηλξτ
R ϕ2

C2
Lϕ

4D2 ⟨12⟩4 s56 CLµνρσC
µνρσ
L ϕ2DλϕD

λϕ

C3
Lϕ

4 ⟨12⟩2 ⟨13⟩2 ⟨23⟩2 CLµνρσC
µνλη
L CLλη

ρσϕ4

C2
Lϕ

6 ⟨12⟩4 CLµνρσC
µνρσ
L ϕ6

In addition, we also consider the case when the scalar is a Goldstone boson for which
amplitudes must satisfy the Adler’s zero condition [39–42]. For simplicity, the Goldstone
field a comes from a broken U(1) and thus has only one flavor, and we adopt the operator
building block U = eia/f . In the leading order, the following operators should be expressed
by the building block a via the simple relation DµU ≃ Dµa.

including Goldstone scalar
dimension class amplitude operator

dim-8 C2
LU

2D2 ⟨12⟩4 s34 CLµνρσC
µνρσ
L DλUD

λU

dim-9 CLU
3D4 ⟨13⟩2 ⟨14⟩2 [34]2 CLµνρσD

µUDνUDρDσU

dim-10

C2
LU

2D4 ⟨12⟩4 s2
34 CLµνρσC

µνρσ
L DλDηUD

λDηU

⟨12⟩2 ⟨13⟩2 ⟨24⟩2 [34]2 CLµνρσC
µνλη
L DλDηUD

ρDσU

CLCRU
2D4 ⟨13⟩4 [23]4 CLµνρσC

ηνλσ
R DλDηUD

ρDµU

C3
LU

2D2 ⟨12⟩2 ⟨13⟩2 ⟨23⟩2 s45 CLµνρσC
µνλη
L CLλη

ρσDξUD
ξU

CLU
4D4 ⟨12⟩ ⟨13⟩ ⟨14⟩ ⟨15⟩ [23][45] Cµνρσ

L DµUDνUDρUDσU
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3.3 Einstein-Yang-Mills

Here we list the amplitudes and operators in Gravity EFT with an extra SU(3) group.
The gauge boson in SU(3) group is written as GL and GR responsible for the creation
of gauge boson particles of two polarizations respectively. Ai in amplitudes is the gauge
index for particle i. They have the same formula for general SU(N) group, since the
structural constants δAB , fABC and dABC also apply to SU(N) via Fierz identity TA

abT
A
cd =

δadδcb − 1
N δabδcd. Thus the above structural constants are enough In the case of not much

gauge boson.

including Yang Mills

dimension class amplitude operator
dim-6 CLF

2
L δA2A3⟨12⟩2⟨13⟩2 CLµνρσG

Aµν
L GAρσ

L

dim-8
C2

LF
2
L

δA3A4⟨12⟩4⟨34⟩2 CLµνρσCLµνρσG
A
L λζG

Aλζ
L

δA3A4 ⟨12⟩2 ⟨13⟩2 ⟨24⟩2 CLµνρσCLµνρσG
A
L λζG

Aλζ
L

C2
RF

2
L δA1A2 ⟨12⟩2 [34]4 CRµνρσCRµνρσG

A
L λζG

Aλζ
L

dim-10

CLF
3
LD

2 fA2A3A4 ⟨12⟩2 ⟨13⟩ ⟨14⟩ ⟨34⟩ s34 fABCCLµνρσG
Aµν
L DξGBρλ

L DξG
C
L λ

σ

C2
LF

2
LD

2 δA3A4 ⟨12⟩4 ⟨34⟩2 s34 CLµνρσC
µνρσ
L Dµ′GA

L ν′ρ′Dµ′
GAν′ρ′

L

δA3A4 ⟨12⟩2 ⟨13⟩2 ⟨24⟩2 s34 CLµνρσC
µνλξ
L DηGAρσ

L DηG
A
L λξ

CLF
2
LFRD

2 fA2A3A4 ⟨12⟩ ⟨13⟩3 ⟨23⟩ [34]2 DµCLλρηνD
νGAρµ

L GB
L ξ

ηGCξλ
R

C2
LFLFRD

2 δA3A4 ⟨12⟩2 ⟨13⟩2 ⟨23⟩2 [34]2 DµDνCLλρηξC
ρνξµ
L GA

L τ
ηGAτλ

R

C2
LF

2
RD

2 δA3A4 ⟨12⟩4 [34]2s34 CLµνρσC
µνρσ
L DλG

A
L ηξD

λGAηξ
L

F 2
LFRCRD

2 fA1A2A3 ⟨12⟩ ⟨13⟩ ⟨23⟩ [34]4 fABCDµG
A
L ρσDνG

B
L ληG

Cµν
R Cρσλη

R

CLCRFLFRD
2 δA2A3 ⟨12⟩2 ⟨13⟩2 [34]4 CLµνρσD

µDρGA
L η

νGA
RλξC

σηλξ
R

CLF
4
L

dA2A3EdA4A5E ⟨12⟩2 ⟨13⟩2 ⟨45⟩2 dABEdCDECLµνρσG
Aµν
L GBρσ

L GCλη
L GD

L λη

dA2A3EdA4A5E ⟨12⟩2 ⟨14⟩2 ⟨35⟩2 dABEdCDECLµνρσG
Aµν
L GCρσ

L GBλη
L GD

L λη

fA2A3EfA4A5E ⟨12⟩2 ⟨14⟩2 ⟨35⟩2 fABEfCDECLµνρσG
Aµν
L GCρσ

L GBλη
L GD

L λη

C2
LF

3
L fA3A4A5 ⟨12⟩4 ⟨34⟩ ⟨35⟩ ⟨45⟩ fABCCLµνρσC

µνρσ
L GA

L ληG
Bηξ
L GC

L ξ
λ

C3
LF

2
L

δA4A5 ⟨12⟩4 ⟨34⟩2 ⟨35⟩2 CLµνρσC
µνρσ
L CLλητξG

Aλη
L GAτξ

L

δA4A5 ⟨12⟩2 ⟨13⟩2 ⟨23⟩2 ⟨45⟩2 CLµνρσC
µνλη
L CLλη

ρσGAτξ
L GA

L τξ

C2
LF

3
R fA3A4A5 ⟨12⟩4 [34][35][45] fABCCLµνρσC

µνρσ
L GA

RληG
Bηξ
R GC

Rξ
λ

CLF
2
LC

2
R δA2A3 ⟨12⟩2 ⟨13⟩2 [45]4 CLµνρσG

Aµν
L GAρσ

L CRλητξC
λητξ
R

CLF
2
LF

2
R

dA2A3EdA4A5E ⟨12⟩2 ⟨13⟩2 [45]2 dABEdCDECLµνρσG
Aµν
L GBρσ

L GC
RληG

Dλη
R

δA2A3δA4A5 ⟨12⟩2 ⟨13⟩3 [45]2 CLµνρσG
Aµν
L GAρσ

L GB
RληG

Bλη
R

δA2A4δA3A5 ⟨12⟩2 ⟨13⟩3 [45]2 CLµνρσG
Aµν
L GBρσ

L GA
RληG

Bλη
R

C3
LF

2
R δA4A5 ⟨12⟩2 ⟨13⟩2 ⟨23⟩2 [45]2 CLµνρσC

µνλη
L CLλη

ρσGA
RτξG

Aτξ
R

3.4 Gravity + fermion

Here we list the amplitudes and operators in Gravity EFT with two extra neutral fermions
with opposite helicities. Similarly, the fermions are singlet under any gauge group, but carry
flavor indices fi for each fermion i. The Wilson coefficients Cs are also irreducible flavor
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tensors of the corresponding repeated fermion fields, and the superscripts denote the shapes
of the Young diagrams representing the permutation symmetries of the corresponding flavor
indices. The amplitudes and operators are similar for massive fermion, except the massive
spinors have extra little group indices [33, 43].

including Fermion

dimension class amplitude operator

dim-7
C2

Lψ
2 C[2]

f3f4
⟨12⟩4 ⟨34⟩ Y [ p r ]CLµνρσC

µνρσ
L (ψpψr)

C2
Lψ

†2 C[2]
f3f4

⟨12⟩4 [34] Y [ p r ]CLµνρσC
µνρσ
L (ψ†

pψ
†
r)

dim-8 CLψ
4 C[4]

f2f3f4f5
⟨12⟩ ⟨13⟩ ⟨14⟩ ⟨15⟩ Y

[
p
r
s
t

]
Cµνρσ

L (ψpσµνψr) (ψsσρσψt)

dim-9

C2
Lψ

2D2 C[2]
f3f4

⟨12⟩4 ⟨34⟩ s34 Y [ p r ]CLµνρσC
µνρσ
L

(
DλψpD

λψr

)
C[2]

f3f4
⟨12⟩2 ⟨13⟩2 ⟨24⟩2 [34] Y [ p r ]CLµνρ

ηDλCµνρσ
L (Dλψpσησψr)

C2
Lψ

†2D2 C[2]
f3f4

⟨12⟩4 [34]s34 Y [ p r ]CLµνρσC
µνρσ
L

(
Dλψ

†
pD

λψ†
r

)
C3

Lψ
2 C[2]

f4f5
⟨12⟩2 ⟨13⟩2 ⟨23⟩2 ⟨45⟩ Y [ p r ]CLµνρσC

µνλη
L CLλη

ρσ (ψpψr)
C3

Lψ
†2 C[2]

f4f5
⟨12⟩2 ⟨13⟩2 ⟨23⟩2 [45] Y [ p r ]CLµνρσC

µνλη
L CLλη

ρσ
(
ψ†

pψ
†
r

)
CLψ

3ψ†D C[2,1]
f2f3f4,f5

⟨12⟩ ⟨13⟩2 ⟨14⟩ [35] Y
[

p r
s

]
CLµνρη (ψpσ

µνψr)
(
Dρψsσ

ηψ†
t

)

dim-10

C2
Lψψ

†D3 Cf3,f4 ⟨12⟩
2 ⟨13⟩2 ⟨23⟩ ⟨24⟩ [34]2 CLµνρηC

µνλξ
L

(
DρDηψpσλDξψ

†
r

)
CLCRψψ

†D3 Cf3,f4 ⟨13⟩ ⟨14⟩
3 [24]4 CLµνρηC

λνξη
R

(
DµDρψpσλDξψ

†
r

)

CLψ
4D2

C[4]
f2f3f4f5

⟨12⟩ ⟨13⟩2 ⟨15⟩ ⟨45⟩ [35] Y [ p r s t ]CLµνρη (Dµψpσ
ρηDνψr) (ψsψt)

C[3,1]
f2f3f4f5

⟨12⟩ ⟨13⟩2 ⟨15⟩ ⟨45⟩ [35] Y
[

p r s
t

]
CLµνρη (Dµψpσ

ρηDνψr) (ψsψt)
C[2,2]

f2f3f4f5
⟨12⟩ ⟨13⟩2 ⟨15⟩ ⟨45⟩ [35] Y

[
p r
s t

]
CLµνρη (Dµψpσ

ρηDνψr) (ψsψt)

C[2,1,1]
f2f3f4f5

⟨12⟩ ⟨13⟩2 ⟨15⟩ ⟨45⟩ [35] Y
[

p r
s
t

]
CLµνρη (Dµψpσ

ρηψr) (Dνψsψt)

CLψ
2ψ†2D2

C[2],[2]
f2f3,f4f5

⟨12⟩ ⟨13⟩2 ⟨15⟩ [35][45] Y [ p r , s t ]CLµνρη

(
Dµψpσ

ρψ†
s

) (
Dνψrσ

ηψ†
t

)
C[2],[1,1]

f2f3,f4f5
⟨12⟩ ⟨13⟩3 [34][35] Y

[
p r , s

t

]
CLµνρη

(
DµDρψpσ

νψ†
s

) (
ψrσ

ηψ†
t

)
C[1,1],[1,1]

f2f3,f4f5
⟨12⟩ ⟨13⟩3 [34][35] Y

[
p
r ,

s
t

]
CLµνρη

(
DµDρψpσ

νψ†
s

) (
ψrσ

ηψ†
t

)
C[1,1],[1,1]

f2f3,f4f5
⟨12⟩ ⟨13⟩ ⟨14⟩ ⟨15⟩ [45]2 Y

[
p
r ,

s
t

]
CLµνρη

(
Dµψpσ

νψ†
s

) (
Dρψrσ

ηψ†
t

)
C2

Lψ
4 C[2,2]

f3f4f5f6
⟨12⟩4 ⟨34⟩ ⟨56⟩ Y

[
p r
s t

]
CLµνρηC

µνρη
L (ψpψr) (ψsψt)

C[1,1,1,1]
f3f4f5f6

⟨12⟩2 ⟨13⟩ ⟨14⟩ ⟨25⟩ ⟨26⟩ Y
[

p
r
s
t

]
CLµνλρCLηξ

λρ (ψpσ
µνψr)

(
ψsσ

ηξψt

)
C2

Lψ
2ψ†2 C[2],[2]

f3f4,f5f6
⟨12⟩4 ⟨34⟩ [56] Y [ p r , s t ]CLµνρηC

µνρη
L (ψpψr)

(
ψ†

sψ
†
t

)
C2

Rψ
4 C[2,2]

f3f4f5f6
[12]4 ⟨34⟩ ⟨56⟩ Y

[
p r
s t

]
CRµνρηC

µνρη
R (ψpψr) (ψsψt)

4 GRSMEFT operator/amplitude bases up to dim-10

In this section, we list the on-shell amplitude bases and the operator bases in the GRSMEFT
up to the mass dimension 10. Note that the amplitudes are not in one-to-one correspondence
with the operators even though they are put side-by-side, but these are both complete
and independent bases related by linear transformations from the operator-amplitude
correspondence perspective. Similar to the amplitude in the previous section, the amplitude
in the GRSMEFT should totally symmetrize over the particle number indices associated
with the identical particles of bosons (including graviton, gauge bosons, and Higgs boson),
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Fields SU(2)l × SU(2)r h SU(3)C SU(2)W U(1)Y Flavor
CLαβγδ (2, 0) −2 1 1 0 1
GA

Lαβ (1, 0) −1 8 1 0 1
W I

Lαβ (1, 0) −1 1 3 0 1
BLαβ (1, 0) −1 1 1 0 1
Lαi

(
1
2 , 0
)

−1/2 1 2 −1/2 nf

eCα

(
1
2 , 0
)

−1/2 1 1 1 nf

Qαai

(
1
2 , 0
)

−1/2 3 2 1/6 nf

ua
Cα

(
1
2 , 0
)

−1/2 3 1 −2/3 nf

da
Cα

(
1
2 , 0
)

−1/2 3 1 1/3 nf

Hi (0, 0) 0 1 2 1/2 1

Table 1. The field content of the GRSMEFT, along with their representations under the Lorentz
and gauge groups. The representation under Lorentz group is denoted by (jl, jr), while the helicity
of the field is given by h = jr − jl. The number of fermion flavors is denoted as nf , and nf = 3
in the GRSMEFT. All of the fields are accompanied with their Hermitian conjugates that are
omitted, (CLαβγδ)† = CRα̇β̇γ̇δ̇ for gravitons, (FLαβ)† = FRα̇β̇ for gauge bosons, (ψα)† = (ψ†)α̇ for
fermions, and H† for the Higgs, which are under the conjugate representations of all the Lorentz
and gauge groups.

and totally anti-symmetrize over the particle number indices associated with the identical
fermions as explained by examples at the beginning of section. 3

4.1 Field contents

The field content of GRSMEFT are listed in table 1. The operators are constructed in
two-component Weyl spinor notation and then converted to four-component Dirac spinor
notation using the following relations:

qL =
(
Q

0

)
, uR =

(
0
u†C

)
, dR =

(
0
d†C

)
, lL =

(
L

0

)
, eR =

(
0
e†C

)
. (4.1)

q̄L =
(
0 , Q†

)
, ūR = (uC , 0) , d̄R = (dC , 0) , l̄L =

(
0 , L†

)
, ēR = (eC , 0) . (4.2)

4.2 Dim-6 operator and amplitude bases

Class CLFL
2: 3 types

OCLBL2 BLλρBLµνC
λρµν
L ⟨12⟩2⟨13⟩2 (4.3)

OCLWL2 Cλρµν
L W I

LλρW
I
Lµν ⟨12⟩2⟨13⟩2δI2I3 (4.4)

OCLGL2 Cλρµν
L GA

L λρG
A
L µν ⟨12⟩2⟨13⟩2δA2A3 (4.5)

Class CL
3: 1 types

OCL3 CLµνλρC
µνηξ
L CLηξ

λρ ⟨12⟩2⟨13⟩2⟨23⟩2 (4.6)
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Class CL
2ϕ2: 1 types

OCL2HH† HiH
†iCLµνλρC

µνλρ
L ⟨12⟩4δi3

i4
(4.7)

4.3 Dim-8 operator and amplitude bases

Class CLFL
3: 2 types

OCLBLWL2 CLµνλρW
I
L

ληW I
L

µνBLη
ρ ⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δI3I4 (4.8)

OCLBLGL2 CLµνλρG
A
L

ληGA
L

µνBLη
ρ ⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δA3A4 (4.9)

Class CL
2FL

2: 3 types

O(1,2)
CL2BL2

BLηξB
ηξ
L CLµνλρC

µνλρ
L ⟨12⟩4⟨34⟩2

Bηξ
L Bµν

L CLµνλρCLηξ
λρ ⟨12⟩2⟨13⟩2⟨24⟩2 (4.10)

O(1,2)
CL2WL2

CLµνλρC
µνλρ
L W I

LηξW
I
L

ηξ ⟨12⟩4⟨34⟩2δI3I4

CLµνλρW
I
L

ηξW I
L

µνCLηξ
λρ ⟨12⟩2⟨13⟩2⟨24⟩2δI3I4

(4.11)

O(1,2)
CL2GL2

CLµνλρC
µνλρ
L GA

L ηξG
A
L

ηξ ⟨12⟩4⟨34⟩2δA3A4

CLµνλρG
A
L

ηξGA
L

µνCLηξ
λρ ⟨12⟩2⟨13⟩2⟨24⟩2δA3A4

(4.12)

Class CL
4: 1 types

OCL4 CLηξτυCLµνλρC
ηξτυ
L Cµνλρ

L ⟨12⟩4⟨34⟩4 (4.13)

Class CLFLψψ̄D: 10 types

OCLBLēReRD CLνλρ
µ
(
DµB

νλ
L

)
(ēRpγ

ρeRr) Cf3,f4 [34]⟨12⟩2⟨13⟩2 (4.14)

OCLBLll̄D CLνλρ
µ
(
DµB

νλ
L

) (
l̄L

i
rγ

ρlLpi

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2δi3

i4
(4.15)

OCLBLd̄RdRD CLνλρ
µ
(
DµB

νλ
L

) (
d̄R

a
pγ

ρdRra

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2δa4

a3 (4.16)

OCLBLūRuRD CLνλρ
µ
(
DµB

νλ
L

) (
ūR

a
pγ

ρuRra

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2δa4

a3 (4.17)

OCLBLqq̄D CLνλρ
µ
(
DµB

νλ
L

) (
q̄L

ai
r γ

ρqLpai
)
Cf3,f4 [34]⟨12⟩2⟨13⟩2δi3

i4
δa3

a4 (4.18)

OCLWLll̄D τ I i
jCLνλρ

µ
(
DµW

I
L

νλ
) (
l̄L

j
rγ

ρlLpi

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2

(
τ I2
)i3

i4
(4.19)

OCLWLqq̄D τ I i
jCLνλρ

µ
(
DµW

I
L

νλ
) (
q̄L

aj
r γ

ρqLpai
)
Cf3,f4 [34]⟨12⟩2⟨13⟩2δa3

a4

(
τ I2
)i3

i4
(4.20)

OCLGLd̄RdRD λAb
aCLνλρ

µ
(
DµG

A
L

νλ
) (
d̄R

a
pγ

ρdRrb

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2

(
λA2

)a4

a3
(4.21)

OCLGLūRuRD λAb
aCLνλρ

µ
(
DµG

A
L

νλ
) (
ūR

a
pγ

ρuRrb

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2

(
λA2

)a4

a3
(4.22)

OCLGLqq̄D λAa
bCLνλρ

µ
(
DµG

A
L

νλ
) (
q̄L

bi
r γ

ρqLpai

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2δi3

i4

(
λA2

)a3

a4
(4.23)

Class CLψ
2ϕD2: 3 types

OCLēRlH†D2 H†iCLλρ
νµ
(
(DµēRp)σλρ (Dν lLri)

)
Cf2,f3 [34]⟨12⟩⟨13⟩2⟨14⟩δi3

i4
(4.24)
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OCLd̄RqH†D2 H†iCLλρ
νµ
((
Dµd̄R

a
p

)
σλρ (DνqLrai)

)
Cf2,f3 [34]⟨12⟩⟨13⟩2⟨14⟩δi3

i4
δa3

a2 (4.25)

OCLqūRHD2 ϵijHjCLλρ
νµ
(
(Dν ūR

a
r)σλρ (DµqLpai)

)
Cf2,f3 [34]⟨12⟩⟨13⟩2⟨14⟩δa2

a3 ϵ
i2i4 (4.26)

Class CLFLϕ
2D2: 2 types

OCLBLHH†D2 H†iCLλρ
νµ (DνHi)

(
DµB

λρ
L

)
[34]⟨12⟩2⟨13⟩⟨14⟩δi3

i4
(4.27)

OCLWLHH†D2 τ I i
jH

†jCLλρ
νµ (DνHi)

(
DµW

I
L

λρ
)
[34]⟨12⟩2⟨13⟩⟨14⟩

(
τ I2
)i3

i4
(4.28)

Class CL
2ϕ2D2: 1 types

OCL2HH†D2 HiH
†i (DµCLνλρη)

(
DµCνλρη

L

)
s34⟨12⟩4δi3

i4
(4.29)

Class CR
2FL

2: 3 types

OCR2BL2 BLµνB
µν
L CRλρηξC

λρηξ
R [34]4⟨12⟩2 (4.30)

OCR2WL2 CRλρηξC
λρηξ
R W I

LµνW
I
L

µν [34]4⟨12⟩2δI1I2 (4.31)

OCR2GL2 CRλρηξC
λρηξ
R GA

L µνG
A
L

µν [34]4⟨12⟩2δA1A2 (4.32)

Class CL
2CR

2: 1 types

OCL2CR2 CLµνλρC
µνλρ
L CRηξτυC

ηξτυ
R [34]4⟨12⟩4 (4.33)

Class CLψ
4: 4 types

OCLd̄RēRū2
R
Y [ s t ] ϵabcCLµνλρ

(
d̄R

a
pσ

λρCēRr

) (
ūR

b
sσ

µνCūR
c
t

)
C[2]

f2,f3,f4f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

(4.34)
OCLēRlqūR ϵijCLµνλρ

(
ēRpσ

λρlLri

)
(ūR

a
t σ

µνqLsaj) Cf2,f3,f4,f5⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a5 ϵ

i3i4

(4.35)

O(1,2)
CLd̄Rq2ūR

Y [ r s ] ϵijCLµνλρ

(
d̄R

a
pσ

λρqLrbi

) (
ūR

b
tσ

µνqLsaj

)
C[2]

f2,f3f4,f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2δ
a3
a5 ϵ

i3i4

Y
[

r
s

]
ϵijCLµνλρ

(
d̄R

a
pσ

λρqLrbi

) (
ūR

b
tσ

µνqLsaj

)
C[1,1]

f2,f3f4,f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2δ
a3
a5 ϵ

i3i4

(4.36)
OCLlq3 Y

[
r s
t

]
ϵabcϵikϵjlCLµνλρ

(
lLpiCσ

λρqLraj

)
(qLsbkCσ

µνqLtcl) C[2,1]
f2,f3f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵi2i4ϵi3i5ϵa3a4a5

(4.37)

Class CLFLψ
2ϕ: 8 types

OCLBLēRlH† H†iBλρ
L CLµνλρ (ēRpσ

µν lLri) Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi4
i5

(4.38)

OCLBLd̄RqH† H†iBλρ
L CLµνλρ

(
d̄R

a
pσ

µνqLrai

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi4

i5
δa4

a3 (4.39)

OCLBLqūRH ϵijHjB
λρ
L CLµνλρ (ūR

a
rσ

µνqLpai) Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δa3
a4 ϵ

i3i5 (4.40)

OCLWLēRlH† τ I i
jH

†jCLµνλρW
I
L

λρ (ēRpσ
µν lLri) Cf3,f4⟨12⟩2⟨13⟩⟨14⟩

(
τ I2
)i4

i5
(4.41)
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OCLWLd̄RqH† τ I i
jH

†jCLµνλρW
I
L

λρ
(
d̄R

a
pσ

µνqLrai

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(
τ I2
)i4

i5
(4.42)

OCLWLqūRH τ I i
kϵ

jkHjCLµνλρW
I
L

λρ (ūR
a
rσ

µνqLpai) Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δa3
a4 ϵ

i5k
(
τ I2
)i3

k
(4.43)

OCLGLd̄RqH† λAb
aH

†iCLµνλρG
A
L

λρ
(
d̄R

a
pσ

µνqLrbi

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi4

i5

(
λA2

)a4

a3
(4.44)

OCLGLqūRH λAa
b ϵ

ijHjCLµνλρG
A
L

λρ
(
ūR

b
rσ

µνqLpai

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩ϵi3i5

(
λA2

)a3

a4
(4.45)

Class CLFL
2ϕ2: 4 types

OCLBL2HH† HiH
†iBλρ

L Bµν
L CLµνλρ ⟨12⟩2⟨13⟩2δi4

i5
(4.46)

OCLBLWLHH† τ I i
jHiH

†jBλρ
L CLµνλρW

I
L

µν ⟨12⟩2⟨13⟩2
(
τ I3
)i4

i5
(4.47)

OCLWL2HH† HiH
†iCLµνλρW

I
L

λρW I
L

µν ⟨12⟩2⟨13⟩2δi4
i5
δI2I3 (4.48)

OCLGL2HH† HiH
†iCLµνλρG

A
L

λρGA
L

µν ⟨12⟩2⟨13⟩2δi4
i5
δA2A3 (4.49)

Class CL
2ψ2ϕ: 3 types

OCL2ēRlH† (ēRplLri)H†iCLµνλρC
µνλρ
L Cf3,f4⟨12⟩4⟨34⟩δi4

i5
(4.50)

OCL2d̄RqH†

(
d̄R

a
pqLrai

)
H†iCLµνλρC

µνλρ
L Cf3,f4⟨12⟩4⟨34⟩δi4

i5
δa4

a3 (4.51)

OCL2qūRH (ūR
a
rqLpai) ϵijHjCLµνλρC

µνλρ
L Cf3,f4⟨12⟩4⟨34⟩δa3

a4 ϵ
i3i5 (4.52)

Class CL
3ϕ2: 1 types

OCL3HH† HiH
†iCLµνλρC

µνηξ
L CLηξ

λρ ⟨12⟩2⟨13⟩2⟨23⟩2δi4
i5

(4.53)

Class CL
2ψ̄2ϕ: 3 types

OCL2q̄uRH†

(
q̄L

aj
p uRra

)
ϵijH

†iCLµνλρC
µνλρ
L Cf4,f5 [45]⟨12⟩4δa5

a4 ϵi3i4 (4.54)

OCL2eR l̄H

(
l̄L

i
reRp

)
HiCLµνλρC

µνλρ
L Cf4,f5 [45]⟨12⟩4δi3

i5
(4.55)

OCL2dRq̄H

(
q̄L

ai
r dRpa

)
HiCLµνλρC

µνλρ
L Cf4,f5 [45]⟨12⟩4δi3

i5
δa4

a5
(4.56)

Class CL
2ϕ4: 1 types

OCL2H2H†2 HiHjH
†iH†jCLµνλρC

µνλρ
L ⟨12⟩4δi3

i5
δi4

i6
(4.57)

4.4 Dim-9 operator and amplitude bases

Class CLψ
3ψ̄D: 3 types

O(1,2)
CLd̄Rl2uRD

Y [ r s ] ϵijCLνλρ
µ
((
Dµd̄R

a
p

)
γρuRta

) (
lLriCσ

νλlLsj

)
C[2]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩δa5

a2 ϵ
i3i4

Y
[

r
s

]
ϵijCLνλρ

µ
(
d̄R

a
pγ

ρuRta

) (
(DµlLri)CσνλlLsj

)
C[1,1]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩δa5

a2 ϵ
i3i4

(4.58)
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O(1,2)
CLd̄2

Rlq̄D

Y [ p r ] ϵabcCLνλρ
µ
(
d̄R

b
rσ

νλlLsi

) (
q̄L

ci
t γ

ρC
(
Dµd̄R

a
p

))
C[2]

f2f3,f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩δi4

i5
ϵa2a3a5

Y
[

p
r

]
ϵabcCLνλρ

µ
(
d̄R

b
rσ

νλlLsi

) (
q̄L

ci
t γ

ρC
(
Dµd̄R

a
p

))
C[1,1]

f2f3,f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩δi4

i5
ϵa2a3a5

(4.59)
OCLd̄3

ReRD Y
[

p r
s

]
ϵabcCLνλρ

µ
((
Dµd̄R

a
p

)
γρeRt

) (
d̄R

b
rσ

νλCd̄R
c
s

)
C[2,1]

f2f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a4

(4.60)

Class CLψ
2ϕ2D2: 1 types

O(1∼3)
CLl2H2D2

Y [ p r ] ϵikϵjlHkHlCLλρ
νµ
(
(DµlLpi)Cσλρ (Dν lLrj)

)
C[2]

f2f3
[35]⟨12⟩⟨13⟩2⟨15⟩ϵi2i4ϵi3i5

Y [ p r ] ϵikϵjlHlCLλρ
νµ (DνHk)

(
(DµlLpi)CσλρlLrj

)
C[2]

f2f3
[34]⟨12⟩⟨13⟩2⟨14⟩ϵi2i4ϵi3i5

Y
[

p
r

]
ϵikϵjlHlCLλρ

νµ (DνHk)
(
(DµlLpi)CσλρlLrj

)
C[1,1]

f2f3
[35]⟨12⟩⟨13⟩2⟨15⟩ϵi2i4ϵi3i5

(4.61)

Class CLψ
4ϕ: 4 types

OCLēRl3H Y
[

r s
t

]
ϵijϵklHlCLµνλρ

(
ēRpσ

λρlLri

)
(lLsjCσ

µν lLtk) C[2,1]
f2,f3f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵi3i5ϵi4i6

(4.62)
OCLd̄3

RlH† Y [ p r s ] ϵabcH
†iCLµνλρ

(
d̄R

c
sσ

µν lLti

) (
d̄R

a
pσ

λρCd̄R
b
r

)
C[3]

f2f3f4,f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi5

i6
ϵa2a3a4

(4.63)
OCLd̄2

RlūRH Y [ p r ] ϵabcϵ
ijHjCLµνλρ (ūR

c
tσ

µν lLsi)
(
d̄R

a
pσ

λρCd̄R
b
r

)
C[2]

f2f3,f4,f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵi4i6ϵa2a3a5

(4.64)

O(1,2)
CLd̄Rl2qH

Y [ r s ] ϵikϵjlHlCLµνλρ

(
d̄R

a
pσ

λρlLri

)
(lLsjCσ

µνqLtak) C[2]
f2,f3f4,f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa5
a2 ϵ

i3i5ϵi4i6

Y
[

r
s

]
ϵikϵjlHlCLµνλρ

(
d̄R

a
pσ

λρlLri

)
(lLsjCσ

µνqLtak) C[1,1]
f2,f3f4,f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa5
a2 ϵ

i3i5ϵi4i6

(4.65)

Class CLFLψ
2ϕ2: 2 types

OCLBLl2H2 Y
[

p
r

]
ϵikϵjlHkHlB

λρ
L CLµνλρ (lLpiCσ

µν lLrj) C[1,1]
f3f4

⟨12⟩2⟨13⟩⟨14⟩ϵi3i5ϵi4i6 (4.66)

O(1,2)
CLWLl2H2

Y [ p r ] τ I j
mϵ

ilϵkmHkHlCLµνλρW
I
L

λρ (lLpiCσ
µν lLrj) C[2]

f3f4
⟨12⟩2⟨13⟩⟨14⟩ϵi5mϵi3i6

(
τ I2
)i4

m

Y
[

p
r

]
τ I j

mϵ
ilϵkmHkHlCLµνλρW

I
L

λρ (lLpiCσ
µν lLrj) C[1,1]

f3f4
⟨12⟩2⟨13⟩⟨14⟩ϵi5mϵi3i6

(
τ I2
)i4

m
(4.67)

Class CL
2ψ2ϕ2: 1 types

OCL2l2H2 Y [ p r ] ϵikϵjlHkHlCLµνλρC
µνλρ
L lLpiClLrj Cf3f4⟨12⟩4⟨34⟩ϵi3i5ϵi4i6 (4.68)

Class CL
2ψ̄2ϕ2: 1 types

OCL2 l̄2H†2 Y [ p r ] ϵikϵjlH
†iH†jCLµνλρC

µνλρ
L l̄L

k
pCl̄L

l
r C[2]

f5f6
[56]⟨12⟩4ϵi3i5ϵi4i6 (4.69)
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4.5 Dim-10 operator and amplitude bases

Class CLFL
3D2: 4 types

OCLBLWL2D2 W I
L

λρW I
L

ξν (DµCLνλρη) (DµBLξ
η) s34⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δI3I4 (4.70)

OCLWL3D2 ϵIJKWK
L

ξνW J
L ξ

λ (DµCLνλρη)
(
DµW I

L
ρη
)
s34⟨12⟩2⟨13⟩⟨14⟩⟨34⟩ϵI2I3I4 (4.71)

OCLBLGL2D2 GA
L

λρGA
L

ξν (DµCLνλρη) (DµBLξ
η) s34⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δA3A4 (4.72)

OCLGL3D2 fABCGC
L

ξνGB
L ξ

λ (DµCLνλρη)
(
DµGA

L
ρη
)
s34⟨12⟩2⟨13⟩⟨14⟩⟨34⟩fA2A3A4 (4.73)

Class CL
2FL

2D2: 3 types

O(1,2)
CL2BL2D2

BLξτB
ξτ
L (DµCLνλρη)

(
DµCνλρη

L

)
s34⟨12⟩4⟨34⟩2

Bνλ
L Bξτ

L (DµCLνλρη) (DµCLξτ
ρη) s34⟨12⟩2⟨13⟩2⟨24⟩2 (4.74)

O(1,2)
CL2WL2D2

W I
LξτW

I
L

ξτ (DµCLνλρη)
(
DµCνλρη

L

)
s34⟨12⟩4⟨34⟩2δI3I4

W I
L

νλW I
L

ξτ (DµCLνλρη) (DµCLξτ
ρη) s34⟨12⟩2⟨13⟩2⟨24⟩2δI3I4

(4.75)

O(1,2)
CL2GL2D2

GA
L ξτG

A
L

ξτ (DµCLνλρη)
(
DµCνλρη

L

)
s34⟨12⟩4⟨34⟩2δA3A4

GA
L

νλGA
L

ξτ (DµCLνλρη) (DµCLξτ
ρη) s34⟨12⟩2⟨13⟩2⟨24⟩2δA3A4

(4.76)

Class CL
3FLD

2: 1 types

OCL3BLD2 Bυξ
L CLυ

τνλ (DµCLνλρη) (DµCLξτ
ρη) s34⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩⟨34⟩ (4.77)

Class CL
4D2: 1 types

OCL4D2 CLξτυφC
ξτυφ
L (DµCLνλρη)

(
DµCνλρη

L

)
s34⟨12⟩4⟨34⟩4 (4.78)

Class CLFL
2FRD

2: 4 types

OCLBLWLWRD2 W I
R

ξλW I
Lξ

η (DνB
ρµ
L ) (DµCLλρη

ν) [34]2⟨12⟩⟨13⟩3⟨23⟩δI3I4 (4.79)

OCLWL2WRD2 ϵIJKWK
R

ξλW J
L ξ

η (DµCLλρη
ν)
(
DνW

I
L

ρµ
)
[34]2⟨12⟩⟨13⟩3⟨23⟩ϵI2I3I4 (4.80)

OCLBLGLGRD2 GA
R

ξλGA
L ξ

η (DνB
ρµ
L ) (DµCLλρη

ν) [34]2⟨12⟩⟨13⟩3⟨23⟩δA3A4 (4.81)

OCLGL2GRD2 fABCGC
R

ξλGB
L ξ

η
(
DνG

A
L

ρµ
)
(DµCLλρη

ν) [34]2⟨12⟩⟨13⟩3⟨23⟩fA2A3A4 (4.82)

Class CL
2FLFRD

2: 3 types

OCL2BLBRD2 Bτλ
R Cρνξµ

L BLτ
η (DµDνCLλρηξ) [34]2⟨12⟩2⟨13⟩2⟨23⟩2 (4.83)

OCL2WLWRD2 Cρνξµ
L W I

R
τλW I

Lτ
η (DµDνCLλρηξ) [34]2⟨12⟩2⟨13⟩2⟨23⟩2δI3I4 (4.84)

OCL2GLGRD2 Cρνξµ
L GA

R
τλGA

L τ
η (DµDνCLλρηξ) [34]2⟨12⟩2⟨13⟩2⟨23⟩2δA3A4 (4.85)

Class CLFLψψ̄D
3: 10 types

O(1,2)
CLBLēReRD3

(DµCLλρη
ν) (ēRpγ

ηeRr)
(
DνD

µBλρ
L

)
Cf3,f4 [34]s34⟨12⟩2⟨13⟩2(

DνB
λρ
L

)
(DµCLλρη

ν) ((DµēRp) γηeRr) Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩
(4.86)
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O(1,2)
CLBLll̄D3

(DµCLλρη
ν)
(
l̄L

i
rγ

ηlLpi

) ((
DνD

µBλρ
L

))
Cf3,f4 [34]s34⟨12⟩2⟨13⟩2δi3

i4(
DνB

λρ
L

)
(DµCLλρη

ν)
(
l̄L

i
rγ

η (DµlLpi)
)

Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩δi3
i4

(4.87)

O(1,2)
CLBLd̄RdRD3

(DµCLλρη
ν)
(
d̄R

a
pγ

ηdRra

) (
DνD

µBλρ
L

)
Cf3,f4 [34]s34⟨12⟩2⟨13⟩2δa4

a3(
DνB

λρ
L

)
(DµCLλρη

ν)
((
Dµd̄R

a
p

)
γηdRra

)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩δa4

a3

(4.88)

O(1,2)
CLBLūRuRD3

(DµCLλρη
ν)
(
ūR

a
pγ

ηuRra

) (
DνD

µBλρ
L

)
Cf3,f4 [34]s34⟨12⟩2⟨13⟩2δa4

a3(
DνB

λρ
L

)
(DµCLλρη

ν)
((
DµūR

a
p

)
γηuRra

)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩δa4

a3

(4.89)

O(1,2)
CLBLqq̄D3

(DµCLλρη
ν)
(
q̄L

ai
r γ

ηqLpai
) ((

DνD
µBλρ

L

))
Cf3,f4 [34]s34⟨12⟩2⟨13⟩2δi3

i4
δa3

a4(
DνB

λρ
L

)
(DµCLλρη

ν)
(
q̄L

ai
r γ

η (DµqLpai)
)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩δi3

i4
δa3

a4

(4.90)

O(1,2)
CLWLll̄D3

τ I i
j (DµCLλρη

ν)
(
l̄L

j
rγ

ηlLpi

) (
DνD

µW I
L

λρ
)

Cf3,f4 [34]s34⟨12⟩2⟨13⟩2
(
τ I2
)i3

i4

τ I i
j (DµCLλρη

ν)
(
DνW

I
L

λρ
) (
l̄L

j
rγ

η (DµlLpi)
)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩

(
τ I2
)i3

i4

(4.91)

O(1,2)
CLWLqq̄D3

τ I i
j (DµCLλρη

ν)
(
q̄L

aj
r γ

ηqLpai
) (
DνD

µW I
L

λρ
)

Cf3,f4 [34]s34⟨12⟩2⟨13⟩2δa3
a4

(
τ I2
)i3

i4

τ I i
j (DµCLλρη

ν)
(
DνW

I
L

λρ
) (
q̄L

aj
r γ

η (DµqLpai)
)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩δa3

a4

(
τ I2
)i3

i4

(4.92)

O(1,2)
CLGLd̄RdRD3

λAb
a (DµCLλρη

ν)
(
d̄R

a
pγ

ηdRrb

) (
DνD

µGA
L

λρ
)

Cf3,f4 [34]s34⟨12⟩2⟨13⟩2
(
λA2

)a4

a3

λAb
a

(
DνG

A
L

λρ
)
(DµCLλρη

ν)
((
Dµd̄R

a
p

)
γηdRrb

)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩

(
λA2

)a4

a3

(4.93)

O(1,2)
CLGLūRuRD3

λAb
a (DµCLλρη

ν)
(
ūR

a
pγ

ηuRrb

) (
DνD

µGA
L

λρ
)

Cf3,f4 [34]s34⟨12⟩2⟨13⟩2
(
λA2

)a4

a3

λAb
a

(
DνG

A
L

λρ
)
(DµCLλρη

ν)
((
DµūR

a
p

)
γηuRrb

)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩

(
λA2

)a4

a3

(4.94)

O(1,2)
CLGLqq̄D3

λAa
b (DµCLλρη

ν)
(
q̄L

bi
r γ

ηqLpai

) (
DνD

µGA
L

λρ
)

Cf3,f4 [34]s34⟨12⟩2⟨13⟩2δi3
i4

(
λA2

)a3

a4

λAa
b

(
DνG

A
L

λρ
)
(DµCLλρη

ν)
(
q̄L

bi
r γ

η (DµqLpai)
)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩δi3

i4

(
λA2

)a3

a4

(4.95)

Class CL
2ψψ̄D3: 5 types

OCL2ēReRD3 Cλρηξ
L (DµDνCLλρηξ) ((DµēRp) γνeRr) Cf3,f4 [34]2⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩ (4.96)

OCL2ll̄D3 C
λρηξ
L (DµDνCLλρηξ)

(
l̄L

i
rγ

ν (DµlLpi)
)
Cf3,f4 [34]2⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δi3

i4
(4.97)

OCL2d̄RdRD3 C
λρηξ
L (DµDνCLλρηξ)

((
Dµd̄R

a
p

)
γνdRra

)
Cf3,f4 [34]2⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa4

a3

(4.98)

OCL2ūRuRD3 Cλρηξ
L (DµDνCLλρηξ)

((
DµūR

a
p

)
γνuRra

)
Cf3,f4 [34]2⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa4

a3

(4.99)
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OCL2qq̄D3 Cλρηξ
L (DµDνCLλρηξ)

(
q̄L

ai
r γ

ν (DµqLpai)
)
Cf3,f4 [34]2⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δi3

i4
δa3

a4

(4.100)

Class CLψ
2ϕD4: 3 types

O(1,2)
CLēRlH†D4

H†iCρνλµ
L ((DµDν ēRp) (DλDρlLri)) Cf2,f3 [34]s34⟨12⟩⟨13⟩2⟨14⟩δi3

i4

H†i
(
DµCLρη

λν
)
((DνD

µēRp)σρη (DλlLri)) Cf2,f3 [34]2⟨13⟩3⟨14⟩⟨24⟩δi3
i4

(4.101)

O(1,2)
CLd̄RqH†D4

H†iCρνλµ
L

((
DµDν d̄R

a
p

)
(DλDρqLrai)

)
Cf2,f3 [34]s34⟨12⟩⟨13⟩2⟨14⟩δi3

i4
δa3

a2

H†i
(
DµCLρη

λν
) ((

DνD
µd̄R

a
p

)
σρη (DλqLrai)

)
Cf2,f3 [34]2⟨13⟩3⟨14⟩⟨24⟩δi3

i4
δa3

a2

(4.102)

O(1,2)
CLqūRHD4

ϵijHjC
ρνλµ
L ((DλDρūR

a
r) (DµDνqLpai)) Cf2,f3 [34]s34⟨12⟩⟨13⟩2⟨14⟩δa2

a3 ϵ
i2i4

ϵijHj

(
DµCLρη

λν
)
((DλūR

a
r)σρη (DνD

µqLpai)) Cf2,f3 [34]2⟨13⟩3⟨14⟩⟨24⟩δa2
a3 ϵ

i2i4

(4.103)

Class CLFLϕ
2D4: 2 types

O(1,2)
CLBLHH†D4

H†i (DλHi)
(
DµCLρη

λν
)
(DνD

µBρη
L ) [34]s34⟨12⟩2⟨13⟩⟨14⟩δi3

i4

H†i (DνB
ρη
L )

(
DµCLρη

λν
)
(DλD

µHi) [34]2⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δi3
i4

(4.104)

O(1,2)
CLWLHH†D4

τ I i
jH

†j (DλHi)
(
DµCLρη

λν
) (
DνD

µW I
L

ρη
)
[34]s34⟨12⟩2⟨13⟩⟨14⟩

(
τ I2
)i3

i4

τ I i
jH

†j
(
DµCLρη

λν
) (
DνW

I
L

ρη
)
(DλD

µHi) [34]2⟨12⟩⟨13⟩2⟨14⟩⟨24⟩
(
τ I2
)i3

i4

(4.105)

Class CL
2ϕ2D4: 1 types

O(1,2)
CL2HH†D4

HiH
†i (DµDνCLλρηξ)

(
DµDνCλρηξ

L

)
s2

34⟨12⟩4δi3
i4

H†iCλρηξ
L (DµDνCLλρηξ) (DµDνHi) [34]2⟨12⟩2⟨13⟩2⟨24⟩2δi3

i4

(4.106)

Class CR
2FL

2D2: 3 types

OCR2BL2D2 CRρηξτC
ρηξτ
R (DµBLνλ)

(
DµBνλ

L

)
[34]4s34⟨12⟩2 (4.107)

OCR2WL2D2 CRρηξτC
ρηξτ
R

(
DµW

I
Lνλ

) (
DµW I

L
νλ
)
[34]4s34⟨12⟩2δI1I2 (4.108)

OCR2GL2D2 CRρηξτC
ρηξτ
R

(
DµG

A
L νλ

) (
DµGA

L
νλ
)
[34]4s34⟨12⟩2δA1A2 (4.109)

Class CRFL
2FRD

2: 4 types

OCRBLWLWRD2 Cηξρλ
R W I

Rηξ (DµBLλ
ν)
(
DνW

I
Lρ

µ
)
[34]4⟨12⟩⟨13⟩⟨23⟩δI2I3 (4.110)

OCRWL2WRD2 ϵIJKCηξρλ
R WK

R ηξ

(
DµW

I
Lλ

ν
) (
DνW

J
L ρ

µ
)
[34]4⟨12⟩⟨13⟩⟨23⟩ϵI1I2I3 (4.111)

OCRBLGLGRD2 Cηξρλ
R GA

Rηξ (DµBLλ
ν)
(
DνG

A
L ρ

µ
)
[34]4⟨12⟩⟨13⟩⟨23⟩δA2A3 (4.112)

OCRGL2GRD2 fABCCηξρλ
R GC

Rηξ

(
DµG

A
L λ

ν
) (
DνG

B
L ρ

µ
)
[34]4⟨12⟩⟨13⟩⟨23⟩fA1A2A3 (4.113)

– 26 –



J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

Class CLCRFLFRD
2: 3 types

OCLCRBLBRD2 BRξτC
ξτηλ
R CLλ

ν
ρ

µ (DµDνBLη
ρ) [34]4⟨12⟩2⟨13⟩2 (4.114)

OCLCRWLWRD2 Cξτηλ
R W I

RξτCLλ
ν

ρ
µ
(
DµDνW

I
Lη

ρ
)
[34]4⟨12⟩2⟨13⟩2δI2I3 (4.115)

OCLCRGLGRD2 Cξτηλ
R GA

RξτCLλ
ν

ρ
µ
(
DµDνG

A
L η

ρ
)
[34]4⟨12⟩2⟨13⟩2δA2A3 (4.116)

Class CL
2CR

2D2: 1 types

OCL2CR2D2 CRξτυφC
ξτυφ
R (DµCLνλρη)

(
DµCνλρη

L

)
[34]4s34⟨12⟩4 (4.117)

Class CRFLψψ̄D
3: 10 types

OCRBLēReRD3 Cρ
Rη

λµ (DµBLρ
ν) ((DλDν ēRp) γηeRr) Cf2,f3 [34]4⟨13⟩2⟨23⟩ (4.118)

OCRBLll̄D3 C
ρ
Rη

λµ (DµBLρ
ν)
(
l̄L

i
rγ

η (DλDν lLpi)
)
Cf2,f3 [34]4⟨13⟩2⟨23⟩δi2

i3
(4.119)

OCRBLd̄RdRD3 C
ρ
Rη

λµ (DµBLρ
ν)
((
DλDν d̄R

a
p

)
γηdRra

)
Cf2,f3 [34]4⟨13⟩2⟨23⟩δa3

a2 (4.120)

OCRBLūRuRD3 Cρ
Rη

λµ (DµBLρ
ν)
((
DλDν ūR

a
p

)
γηuRra

)
Cf2,f3 [34]4⟨13⟩2⟨23⟩δa3

a2 (4.121)

OCRBLqq̄D3 Cρ
Rη

λµ (DµBLρ
ν)
(
q̄L

ai
r γ

η (DλDνqLpai)
)
Cf2,f3 [34]4⟨13⟩2⟨23⟩δi2

i3
δa2

a3 (4.122)

OCRWLll̄D3 τ I i
jC

ρ
Rη

λµ
(
DµW

I
Lρ

ν
) (
l̄L

j
rγ

η (DλDν lLpi)
)
Cf2,f3 [34]4⟨13⟩2⟨23⟩

(
τ I1
)i2

i3
(4.123)

OCRWLqq̄D3 τ I i
jC

ρ
Rη

λµ
(
DµW

I
Lρ

ν
) (
q̄L

aj
r γ

η (DλDνqLpai)
)
Cf2,f3 [34]4⟨13⟩2⟨23⟩δa2

a3

(
τ I1
)i2

i3

(4.124)

OCRGLd̄RdRD3 λAb
aC

ρ
Rη

λµ
(
DµG

A
L ρ

ν
) ((

DλDν d̄R
a
p

)
γηdRrb

)
Cf2,f3 [34]4⟨13⟩2⟨23⟩

(
λA1

)a3

a2

(4.125)

OCRGLūRuRD3 λAb
aC

ρ
Rη

λµ
(
DµG

A
L ρ

ν
) ((

DλDν ūR
a
p

)
γηuRrb

)
Cf2,f3 [34]4⟨13⟩2⟨23⟩

(
λA1

)a3

a2

(4.126)

OCRGLqq̄D3 λAa
bC

ρ
Rη

λµ
(
DµG

A
L ρ

ν
) (
q̄L

bi
r γ

η (DλDνqLpai)
)
Cf2,f3 [34]4⟨13⟩2⟨23⟩δi2

i3

(
λA1

)a2

a3

(4.127)

Class CLCRψψ̄D
3: 5 types

OCLCRēReRD3 CRξ
ρληCLρ

ν
η

µ
(
(DλDµDν ēRp) γξeRr

)
Cf2,f3 [34]4⟨12⟩⟨13⟩3 (4.128)

OCLCRll̄D3 CRξ
ρληCLρ

ν
η

µ
(
l̄L

i
rγ

ξ (DλDµDν lLpi)
)
Cf2,f3 [34]4⟨12⟩⟨13⟩3δi2

i3
(4.129)

OCLCRd̄RdRD3 CRξ
ρληCLρ

ν
η

µ
((
DλDµDν d̄R

a
p

)
γξdRra

)
Cf2,f3 [34]4⟨12⟩⟨13⟩3δa3

a2 (4.130)

OCLCRūRuRD3 CRξ
ρληCLρ

ν
η

µ
((
DλDµDν ūR

a
p

)
γξuRra

)
Cf2,f3 [34]4⟨12⟩⟨13⟩3δa3

a2 (4.131)

OCLCRqq̄D3 CRξ
ρληCLρ

ν
η

µ
(
q̄L

ai
r γ

ξ (DλDµDνqLpai)
)
Cf2,f3 [34]4⟨12⟩⟨13⟩3δi2

i3
δa2

a3 (4.132)
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Class CRψ
2ϕD4: 3 types

OCRēRlH†D4 H†iCρνλµ
R ((DµDν ēRp) (DλDρlLri)) Cf1,f2 [24][34]3⟨13⟩⟨23⟩2δi2

i3
(4.133)

OCRd̄RqH†D4 H†iCρνλµ
R

((
DµDν d̄R

a
p

)
(DλDρqLrai)

)
Cf1,f2 [24][34]3⟨13⟩⟨23⟩2δi2

i3
δa2

a1 (4.134)

OCRqūRHD4 ϵijHjC
ρνλµ
R ((DλDρūR

a
r) (DµDνqLpai)) Cf1,f2 [24][34]3⟨13⟩⟨23⟩2δa1

a2 ϵ
i1i3

(4.135)

Class CRFLϕ
2D4: 2 types

OCRBLHH†D4 H†iCηρλµ
R (DµBLη

ν) (DλDνDρHi) [24][34]3⟨13⟩2⟨23⟩δi2
i3

(4.136)

OCRWLHH†D4 τ I i
jH

†jCηρλµ
R

(
DµW

I
Lη

ν
)
(DλDνDρHi) [24][34]3⟨13⟩2⟨23⟩

(
τ I1
)i2

i3
(4.137)

Class CLCRϕ
2D4: 1 types

OCLCRHH†D4 H†iCρηλξ
R CLη

ν
ξ

µ (DλDµDνDρHi) [34]4⟨13⟩4δi2
i3

(4.138)

Class CLFL
4: 7 types

OCLBL4 BLηξB
ηξ
L Bλρ

L Bµν
L CLµνλρ ⟨12⟩2⟨13⟩2⟨45⟩2 (4.139)

O(1∼3)
CLBL2WL2

Bλρ
L Bµν

L CLµνλρW
I
LηξW

I
L

ηξ ⟨12⟩2⟨13⟩2⟨45⟩2δI4I5

BLηξB
λρ
L CLµνλρW

I
L

ηξW I
L

µν ⟨12⟩2⟨14⟩2⟨35⟩2δI4I5

CLµνλρW
I
L

νλW I
L

ξµBLη
ρBLξ

η ⟨12⟩⟨13⟩⟨14⟩2⟨25⟩⟨35⟩δI4I5

(4.140)

O(1,2)
CLWL4

CLµνλρW
I
LηξW

I
L

λρW J
L

ηξW J
L

µν ⟨12⟩2⟨13⟩2⟨45⟩2δI2I4δI3I5

CLµνλρW
I
L

λρW J
L

ξηW I
Lξ

µW J
L η

ν ⟨12⟩2⟨14⟩2⟨35⟩2δI2I4δI3I5
(4.141)

O(1∼3)
CLBL2GL2

Bλρ
L Bµν

L CLµνλρG
A
L ηξG

A
L

ηξ ⟨12⟩2⟨13⟩2⟨45⟩2δA4A5

BLηξB
λρ
L CLµνλρG

A
L

ηξGA
L

µν ⟨12⟩2⟨14⟩2⟨35⟩2δA4A5

CLµνλρG
A
L

νλGA
L

ξµBLη
ρBLξ

η ⟨12⟩⟨13⟩⟨14⟩2⟨25⟩⟨35⟩δA4A5

(4.142)

O(1∼3)
CLGL2WL2

CLµνλρG
A
L

λρGA
L

µνW I
LηξW

I
L

ηξ ⟨12⟩2⟨13⟩2⟨45⟩2δI4I5δA2A3

CLµνλρG
A
L ηξG

A
L

λρW I
L

ηξW I
L

µν ⟨12⟩2⟨14⟩2⟨35⟩2δI4I5δA2A3

CLµνλρW
I
L

νλW I
L

ξµGA
L η

ρGA
L ξ

η ⟨12⟩⟨13⟩⟨14⟩2⟨25⟩⟨35⟩δI4I5δA2A3

(4.143)

O(1,2)
CLBLGL3

dABCBλρ
L CLµνλρG

A
L

µνGB
L ηξG

C
L

ηξ ⟨12⟩2⟨13⟩2⟨45⟩2dA3A4A5

dABCBLηξCLµνλρG
A
L

λρGB
L

µνGC
L

ηξ ⟨13⟩2⟨14⟩2⟨25⟩2dA3A4A5
(4.144)

O(1∼3)
CLGL4

dABEdCDECLµνλρG
A
L

λρGB
L

µνGC
L ηξG

D
L

ηξ ⟨12⟩2⟨13⟩2⟨45⟩2dEA2A3dEA4A5

dABEdCDECLµνλρG
A
L

λρGB
L ηξG

C
L

µνGD
L

ηξ ⟨12⟩2⟨14⟩2⟨35⟩2dEA2A3dEA4A5

fABEfCDECLµνλρG
A
L

λρGD
L

ξηGB
L η

νGC
L ξ

µ ⟨12⟩2⟨14⟩2⟨35⟩2fEA2A3fEA4A5

(4.145)

Class CL
2FL

3: 4 types

OCL2BLWL2 CLµνλρW
I
L

ξµW I
L

τηBLτ
νCLηξ

λρ ⟨12⟩⟨13⟩2⟨14⟩⟨24⟩⟨25⟩2δI4I5 (4.146)

OCL2WL3 ϵIJKCLµνλρC
µνλρ
L W I

LηξW
K
L

τηW J
L τ

ξ ⟨12⟩4⟨34⟩⟨35⟩⟨45⟩ϵI3I4I5 (4.147)

OCL2BLGL2 CLµνλρG
A
L

ξµGA
L

τηBLτ
νCLηξ

λρ ⟨12⟩⟨13⟩2⟨14⟩⟨24⟩⟨25⟩2δA4A5 (4.148)

OCL2GL3 fABCCLµνλρC
µνλρ
L GA

L ηξG
C
L

τηGB
L τ

ξ ⟨12⟩4⟨34⟩⟨35⟩⟨45⟩fA3A4A5 (4.149)
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Class CL
3FL

2: 3 types

O(1,2)
CL3BL2

BLτυB
τυ
L CLµνλρC

µνηξ
L CLηξ

λρ ⟨12⟩4⟨34⟩2⟨35⟩2

Bηξ
L Bτυ

L CLηξτυCLµνλρC
µνλρ
L ⟨12⟩2⟨13⟩2⟨23⟩2⟨45⟩2 (4.150)

O(1,2)
CL3WL2

CLµνλρC
µνηξ
L W I

LτυW
I
L

τυCLηξ
λρ ⟨12⟩4⟨34⟩2⟨35⟩2δI4I5

CLηξτυCLµνλρC
µνλρ
L W I

L
ηξW I

L
τυ ⟨12⟩2⟨13⟩2⟨23⟩2⟨45⟩2δI4I5

(4.151)

O(1,2)
CL3GL2

CLµνλρC
µνηξ
L GA

L τυG
A
L

τυCLηξ
λρ ⟨12⟩4⟨34⟩2⟨35⟩2δA4A5

CLηξτυCLµνλρC
µνλρ
L GA

L
ηξGA

L
τυ ⟨12⟩2⟨13⟩2⟨23⟩2⟨45⟩2δA4A5

(4.152)

Class CL
5: 1 types

OCL5 CLµνλρCLτυφχC
µνηξ
L Cτυφχ

L CLηξ
λρ ⟨12⟩4⟨34⟩2⟨35⟩2⟨45⟩2 (4.153)

Class CLFL
2ψψ̄D: 21 types

O(1,2)
CLBL2ēReRD

Bνλ
L Bρη

L (DµCLνλρη) (ēRpγ
µeRr) Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩

Bην
L CLνλρ

µ
(
DµBLη

λ
)
(ēRpγ

ρeRr) Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩ (4.154)

O(1,2)
CLBL2ll̄D

Bνλ
L Bρη

L (DµCLνλρη)
(
l̄L

i
rγ

µlLpi

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δi4

i5

Bην
L CLνλρ

µ
(
DµBLη

λ
) (
l̄L

i
rγ

ρlLpi

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δi4

i5

(4.155)

O(1,2)
CLBL2d̄RdRD

Bνλ
L Bρη

L (DµCLνλρη)
(
d̄R

a
pγ

µdRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa5

a4

Bην
L CLνλρ

µ
(
DµBLη

λ
) (
d̄R

a
pγ

ρdRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa5

a4

(4.156)

O(1,2)
CLBL2ūRuRD

Bνλ
L Bρη

L (DµCLνλρη)
(
ūR

a
pγ

µuRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa5

a4

Bην
L CLνλρ

µ
(
DµBLη

λ
) (
ūR

a
pγ

ρuRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa5

a4

(4.157)

O(1,2)
CLBL2qq̄D

Bνλ
L Bρη

L (DµCLνλρη)
(
q̄L

ai
r γ

µqLpai
)

Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δi4
i5
δa4

a5

Bην
L CLνλρ

µ
(
DµBLη

λ
) (
q̄L

ai
r γ

ρqLpai
)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δi4

i5
δa4

a5

(4.158)

O(1∼4)
CLBLWLll̄D

τ I i
jB

ρη
L W I

L
νλ (DµCLνλρη)

(
l̄L

j
rγ

µlLpi

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩

(
τ I3
)i4

i5

τ I i
jW

I
L

ηνCLνλρ
µ
(
DµBLη

λ
) (
l̄L

j
rγ

ρlLpi

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩

(
τ I3
)i4

i5

τ I i
jCLνλρηW

I
L

νλ (DµB
ρη
L )

(
l̄L

j
rγ

µlLpi

)
Cf4,f5 [35]⟨12⟩⟨13⟩3⟨24⟩

(
τ I3
)i4

i5

τ I i
jBLη

λCLνλρ
µ
(
DµW

I
L

ην
) (
l̄L

j
rγ

ρlLpi

)
Cf4,f5 [45]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

(
τ I3
)i4

i5

(4.159)

O(1∼4)
CLBLWLqq̄D

τ I i
jB

ρη
L W I

L
νλ (DµCLνλρη)

(
q̄L

aj
r γ

µqLpai
)

Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa4
a5

(
τ I3
)i4

i5

τ I i
jW

I
L

ηνCLνλρ
µ
(
DµBLη

λ
) (
q̄L

aj
r γ

ρqLpai
)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa4

a5

(
τ I3
)i4

i5

τ I i
jCLνλρηW

I
L

νλ (DµB
ρη
L )

(
q̄L

aj
r γ

µqLpai
)

Cf4,f5 [35]⟨12⟩⟨13⟩3⟨24⟩δa4
a5

(
τ I3
)i4

i5

τ I i
jBLη

λCLνλρ
µ
(
DµW

I
L

ην
) (
q̄L

aj
r γ

ρqLpai
)
Cf4,f5 [45]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δa4

a5

(
τ I3
)i4

i5

(4.160)
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O(1,2)
CLWL2ēReRD

W I
L

νλW I
L

ρη (DµCLνλρη) (ēRpγ
µeRr) Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δI2I3

W I
L

ηνCLνλρ
µ
(
DµW

I
Lη

λ
)
(ēRpγ

ρeRr) Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δI2I3

(4.161)

O(1∼4)
CLWL2ll̄D

W I
L

νλW I
L

ρη (DµCLνλρη)
(
l̄L

i
rγ

µlLpi

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δi4

i5
δI2I3

W I
L

ηνCLνλρ
µ
(
DµW

I
Lη

λ
) (
l̄L

i
rγ

ρlLpi

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δi4

i5
δI2I3

τKi
jϵ

IJKW J
L

ηνCLνλρ
µ
(
DµW

I
Lη

λ
) (
l̄L

j
rγ

ρlLpi

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩ϵI2I3K

(
τK
)i4

i5

τKi
jϵ

IJKCLνλρηW
J
L

νλ
(
DµW

I
L

ρη
) (
l̄L

j
rγ

µlLpi

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩ϵI2I3K

(
τK
)i4

i5

(4.162)

O(1,2)
CLWL2d̄RdRD

W I
L

νλW I
L

ρη (DµCLνλρη)
(
d̄R

a
pγ

µdRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa5

a4δ
I2I3

W I
L

ηνCLνλρ
µ
(
DµW

I
Lη

λ
) (
d̄R

a
pγ

ρdRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa5

a4δ
I2I3

(4.163)

O(1,2)
CLWL2ūRuRD

W I
L

νλW I
L

ρη (DµCLνλρη)
(
ūR

a
pγ

µuRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa5

a4δ
I2I3

W I
L

ηνCLνλρ
µ
(
DµW

I
Lη

λ
) (
ūR

a
pγ

ρuRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa5

a4δ
I2I3

(4.164)

O(1∼4)
CLWL2qq̄D

W I
L

νλW I
L

ρη (DµCLνλρη)
(
q̄L

ai
r γ

µqLpai
)

Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δi4
i5
δa4

a5δ
I2I3

W I
L

ηνCLνλρ
µ
(
DµW

I
Lη

λ
) (
q̄L

ai
r γ

ρqLpai
)

Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δi4
i5
δa4

a5δ
I2I3

τKi
jϵ

IJKW J
L

ηνCLνλρ
µ
(
DµW

I
Lη

λ
) (
q̄L

aj
r γ

ρqLpai
)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa4

a5 ϵ
I2I3K

(
τK
)i4

i5

τKi
jϵ

IJKCLνλρηW
J
L

νλ
(
DµW

I
L

ρη
) (
q̄L

aj
r γ

µqLpai
)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa4

a5 ϵ
I2I3K

(
τK
)i4

i5

(4.165)

O(1∼4)
CLBLGLd̄RdRD

λAb
aB

ρη
L GA

L
νλ (DµCLνλρη)

(
d̄R

a
pγ

µdRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩

(
λA3

)a5

a4

λAb
aG

A
L

ηνCLνλρ
µ
(
DµBLη

λ
) (
d̄R

a
pγ

ρdRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩

(
λA3

)a5

a4

λAb
aCLνλρηG

A
L

νλ (DµB
ρη
L )

(
d̄R

a
pγ

µdRrb

)
Cf4,f5 [35]⟨12⟩⟨13⟩3⟨24⟩

(
λA3

)a5

a4

λAb
aBLη

λCLνλρ
µ
(
DµG

A
L

ην
) (
d̄R

a
pγ

ρdRrb

)
Cf4,f5 [45]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

(
λA3

)a5

a4

(4.166)

O(1∼4)
CLBLGLūRuRD

λAb
aB

ρη
L GA

L
νλ (DµCLνλρη)

(
ūR

a
pγ

µuRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩

(
λA3

)a5

a4

λAb
aG

A
L

ηνCLνλρ
µ
(
DµBLη

λ
) (
ūR

a
pγ

ρuRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩

(
λA3

)a5

a4

λAb
aCLνλρηG

A
L

νλ (DµB
ρη
L )

(
ūR

a
pγ

µuRrb

)
Cf4,f5 [35]⟨12⟩⟨13⟩3⟨24⟩

(
λA3

)a5

a4

λAb
aBLη

λCLνλρ
µ
(
DµG

A
L

ην
) (
ūR

a
pγ

ρuRrb

)
Cf4,f5 [45]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

(
λA3

)a5

a4

(4.167)

O(1∼4)
CLBLGLqq̄D

λAa
bB

ρη
L GA

L
νλ (DµCLνλρη)

(
q̄L

bi
r γ

µqLpai

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δi4

i5

(
λA3

)a4

a5

λAa
bG

A
L

ηνCLνλρ
µ
(
DµBLη

λ
) (
q̄L

bi
r γ

ρqLpai

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δi4

i5

(
λA3

)a4

a5

λAa
bCLνλρηG

A
L

νλ (DµB
ρη
L )

(
q̄L

bi
r γ

µqLpai

)
Cf4,f5 [35]⟨12⟩⟨13⟩3⟨24⟩δi4

i5

(
λA3

)a4

a5

λAa
bBLη

λCLνλρ
µ
(
DµG

A
L

ην
) (
q̄L

bi
r γ

ρqLpai

)
Cf4,f5 [45]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δi4

i5

(
λA3

)a4

a5

(4.168)
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O(1∼4)
CLGLWLqq̄D

λAa
bτ

I i
jG

A
L

ρηW I
L

νλ (DµCLνλρη)
(
q̄L

bj
r γ

µqLpai

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩

(
λA2

)a4

a5

(
τ I3
)i4

i5

λAa
bτ

I i
jW

I
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
q̄L

bj
r γ

ρqLpai

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩

(
λA2

)a4

a5

(
τ I3
)i4

i5

λAa
bτ

I i
jCLνλρηW

I
L

νλ
(
DµG

A
L

ρη
) (
q̄L

bj
r γ

µqLpai

)
Cf4,f5 [35]⟨12⟩⟨13⟩3⟨24⟩

(
λA2

)a4

a5

(
τ I3
)i4

i5

λAa
bτ

I i
jCLνλρ

µGA
L η

λ
(
DµW

I
L

ην
) (
q̄L

bj
r γ

ρqLpai

)
Cf4,f5 [45]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

(
λA2

)a4

a5

(
τ I3
)i4

i5

(4.169)

O(1,2)
CLGL2ēReRD

GA
L

νλGA
L

ρη (DµCLνλρη) (ēRpγ
µeRr) Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δA2A3

GA
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
)
(ēRpγ

ρeRr) Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δA2A3

(4.170)

O(1,2)
CLGL2ll̄D

GA
L

νλGA
L

ρη (DµCLνλρη)
(
l̄L

i
rγ

µlLpi

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δi4

i5
δA2A3

GA
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
l̄L

i
rγ

ρlLpi

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δi4

i5
δA2A3

(4.171)

O(1∼6)
CLGL2d̄RdRD

GA
L

νλGA
L

ρη (DµCLνλρη)
(
d̄R

a
pγ

µdRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa5

a4δ
A2A3

GA
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
d̄R

a
pγ

ρdRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa5

a4δ
A2A3

dABCλCb
aG

A
L

ρηGB
L

νλ (DµCLνλρη)
(
d̄R

a
pγ

µdRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩dCA2A3

(
λC
)a5

a4

dABCλCb
aG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
d̄R

a
pγ

ρdRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩dCA2A3

(
λC
)a5

a4

fABCλCb
aG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
d̄R

a
pγ

ρdRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩fCA2A3

(
λC
)a5

a4

fABCλCb
aCLνλρηG

B
L

νλ
(
DµG

A
L

ρη
) (
d̄R

a
pγ

µdRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩fCA2A3

(
λC
)a5

a4

(4.172)

O(1∼6)
CLGL2ūRuRD

GA
L

νλGA
L

ρη (DµCLνλρη)
(
ūR

a
pγ

µuRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa5

a4δ
A2A3

GA
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
ūR

a
pγ

ρuRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa5

a4δ
A2A3

dABCλCb
aG

A
L

ρηGB
L

νλ (DµCLνλρη)
(
ūR

a
pγ

µuRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩dCA2A3

(
λC
)a5

a4

dABCλCb
aG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
ūR

a
pγ

ρuRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩dCA2A3

(
λC
)a5

a4

fABCλCb
aG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
ūR

a
pγ

ρuRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩fCA2A3

(
λC
)a5

a4

fABCλCb
aCLνλρηG

B
L

νλ
(
DµG

A
L

ρη
) (
ūR

a
pγ

µuRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩fCA2A3

(
λC
)a5

a4

(4.173)

O(1∼6)
CLGL2qq̄D

GA
L

νλGA
L

ρη (DµCLνλρη)
(
q̄L

ai
r γ

µqLpai
)

Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δi4
i5
δa4

a5δ
A2A3

GA
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
q̄L

ai
r γ

ρqLpai
)

Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δi4
i5
δa4

a5δ
A2A3

dABCλCa
bG

A
L

ρηGB
L

νλ (DµCLνλρη)
(
q̄L

bi
r γ

µqLpai

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δi4

i5
dCA2A3

(
λC
)a4

a5

dABCλCa
bG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
q̄L

bi
r γ

ρqLpai

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δi4

i5
dCA2A3

(
λC
)a4

a5

fABCλCa
bG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
q̄L

bi
r γ

ρqLpai

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δi4

i5
fCA2A3

(
λC
)a4

a5

fABCλCa
bCLνλρηG

B
L

νλ
(
DµG

A
L

ρη
) (
q̄L

bi
r γ

µqLpai

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δi4

i5
fCA2A3

(
λC
)a4

a5

(4.174)

Class CL
2FLψψ̄D: 10 types

O(1∼3)
CL2BLēReRD

Bξν
L CLξ

λρη (DµCLνλρη) (ēRpγ
µeRr) Cf4,f5 [45]⟨12⟩4⟨34⟩2

Bνλ
L Cρη

L ξ
µ (DµCLνλρη)

(
ēRpγ

ξeRr

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩

CLηξ
νλCLνλρ

µ
(
DµB

ηξ
L

)
(ēRpγ

ρeRr) Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2
(4.175)
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J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

O(1∼3)
CL2BLll̄D

Bξν
L CLξ

λρη (DµCLνλρη)
(
l̄L

i
rγ

µlLpi

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2δi4

i5

Bνλ
L Cρη

L ξ
µ (DµCLνλρη)

(
l̄L

i
rγ

ξlLpi

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δi4

i5

CLηξ
νλCLνλρ

µ
(
DµB

ηξ
L

) (
l̄L

i
rγ

ρlLpi

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2δi4

i5

(4.176)

O(1∼3)
CL2BLd̄RdRD

Bξν
L CLξ

λρη (DµCLνλρη)
(
d̄R

a
pγ

µdRra

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2δa5

a4

Bνλ
L Cρη

L ξ
µ (DµCLνλρη)

(
d̄R

a
pγ

ξdRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa5

a4

CLηξ
νλCLνλρ

µ
(
DµB

ηξ
L

) (
d̄R

a
pγ

ρdRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2δa5

a4

(4.177)

O(1∼3)
CL2BLūRuRD

Bξν
L CLξ

λρη (DµCLνλρη)
(
ūR

a
pγ

µuRra

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2δa5

a4

Bνλ
L Cρη

L ξ
µ (DµCLνλρη)

(
ūR

a
pγ

ξuRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa5

a4

CLηξ
νλCLνλρ

µ
(
DµB

ηξ
L

) (
ūR

a
pγ

ρuRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2δa5

a4

(4.178)

O(1∼3)
CL2BLqq̄D

Bξν
L CLξ

λρη (DµCLνλρη)
(
q̄L

ai
r γ

µqLpai
)

Cf4,f5 [45]⟨12⟩4⟨34⟩2δi4
i5
δa4

a5

Bνλ
L Cρη

L ξ
µ (DµCLνλρη)

(
q̄L

ai
r γ

ξqLpai

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δi4

i5
δa4

a5

CLηξ
νλCLνλρ

µ
(
DµB

ηξ
L

) (
q̄L

ai
r γ

ρqLpai
)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2δi4

i5
δa4

a5

(4.179)

O(1∼3)
CL2WLll̄D

τ I i
jW

I
L

ξνCLξ
λρη (DµCLνλρη)

(
l̄L

j
rγ

µlLpi

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2

(
τ I3
)i4

i5

τ I i
jW

I
L

νλCρη
L ξ

µ (DµCLνλρη)
(
l̄L

j
rγ

ξlLpi

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩

(
τ I3
)i4

i5

τ I i
jCLηξ

νλCLνλρ
µ
(
DµW

I
L

ηξ
) (
l̄L

j
rγ

ρlLpi

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2

(
τ I3
)i4

i5

(4.180)

O(1∼3)
CL2WLqq̄D

τ I i
jW

I
L

ξνCLξ
λρη (DµCLνλρη)

(
q̄L

aj
r γ

µqLpai
)

Cf4,f5 [45]⟨12⟩4⟨34⟩2δa4
a5

(
τ I3
)i4

i5

τ I i
jW

I
L

νλCρη
L ξ

µ (DµCLνλρη)
(
q̄L

aj
r γ

ξqLpai

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa4

a5

(
τ I3
)i4

i5

τ I i
jCLηξ

νλCLνλρ
µ
(
DµW

I
L

ηξ
) (
q̄L

aj
r γ

ρqLpai
)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2δa4

a5

(
τ I3
)i4

i5

(4.181)

O(1∼3)
CL2GLd̄RdRD

λAb
aG

A
L

ξνCLξ
λρη (DµCLνλρη)

(
d̄R

a
pγ

µdRrb

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2

(
λA3

)a5

a4

λAb
aG

A
L

νλCρη
L ξ

µ (DµCLνλρη)
(
d̄R

a
pγ

ξdRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩

(
λA3

)a5

a4

λAb
aCLηξ

νλCLνλρ
µ
(
DµG

A
L

ηξ
) (
d̄R

a
pγ

ρdRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2

(
λA3

)a5

a4

(4.182)

O(1∼3)
CL2GLūRuRD

λAb
aG

A
L

ξνCLξ
λρη (DµCLνλρη)

(
ūR

a
pγ

µuRrb

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2

(
λA3

)a5

a4

λAb
aG

A
L

νλCρη
L ξ

µ (DµCLνλρη)
(
ūR

a
pγ

ξuRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩

(
λA3

)a5

a4

λAb
aCLηξ

νλCLνλρ
µ
(
DµG

A
L

ηξ
) (
ūR

a
pγ

ρuRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2

(
λA3

)a5

a4

(4.183)
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J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

O(1∼3)
CL2GLqq̄D

λAa
bG

A
L

ξνCLξ
λρη (DµCLνλρη)

(
q̄L

bi
r γ

µqLpai

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2δi4

i5

(
λA3

)a4

a5

λAa
bG

A
L

νλCρη
L ξ

µ (DµCLνλρη)
(
q̄L

bi
r γ

ξqLpai

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δi4

i5

(
λA3

)a4

a5

λAa
bCLηξ

νλCLνλρ
µ
(
DµG

A
L

ηξ
) (
q̄L

bi
r γ

ρqLpai

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2δi4

i5

(
λA3

)a4

a5

(4.184)

Class CLψ
4D2: 4 types

O(1∼9)
CLd̄RēRū2

RD2

Y [ s t ] ϵabcCLλρ
νµ
((
Dν ūR

b
s

)
CūR

c
t

) ((
Dµd̄R

a
p

)
σλρCēRr

)
C[2]

f2,f3,f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩ϵa2a4a5

Y [ s t ] ϵabcCLλρ
νµ
((
Dν ūR

b
s

)
CūR

c
t

) (
d̄R

a
pσ

λρC (DµēRr)
)

C[2]
f2,f3,f4f5

s45⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

Y [ s t ] ϵabcCLλρ
νµ
((
Dµd̄R

a
p

)
C (Dν ēRr)

) (
ūR

b
sσ

λρCūR
c
t

)
C[2]

f2,f3,f4f5
[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩ϵa2a4a5

Y [ s t ] ϵabc (DµCLνλρη)
(
ūR

b
sσ

νλCūR
c
t

) ((
Dµd̄R

a
p

)
σρηCēRr

)
C[2]

f2,f3,f4f5
[34]⟨13⟩2⟨14⟩2⟨25⟩ϵa2a4a5

Y
[

s
t

]
ϵabcCLλρ

νµūR
b
sCūR

c
t

((
Dµd̄R

a
p

)
σλρC (Dν ēRr)

)
C[1,1]

f2,f3,f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩ϵa2a4a5

Y
[

s
t

]
ϵabcCLλρ

νµ
((
Dµd̄R

a
p

)
CēRr

) ((
Dν ūR

b
s

)
σλρCūR

c
t

)
C[1,1]

f2,f3,f4f5
[45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩ϵa2a4a5

Y
[

s
t

]
ϵabcCLλρ

νµ
(
d̄R

a
pC (DµēRr)

) ((
Dν ūR

b
s

)
σλρCūR

c
t

)
C[1,1]

f2,f3,f4f5
[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩ϵa2a4a5

Y
[

s
t

]
ϵabc (DµCLνλρη)

(
d̄R

a
pσ

ρηCēRr

) ((
DµūR

b
s

)
σνλCūR

c
t

)
C[1,1]

f2,f3,f4f5
[34]⟨13⟩2⟨14⟩2⟨25⟩ϵa2a4a5

Y
[

s
t

]
ϵabcCLλρ

νµ
((
Dµd̄R

a
p

)
ση

ρCēRr

) ((
Dν ūR

b
s

)
σηλCūR

c
t

)
C[1,1]

f2,f3,f4f5
[45]⟨13⟩⟨14⟩2⟨15⟩⟨25⟩ϵa2a4a5

(4.185)

O(1∼9)
CLēRlqūRD2

(ūR
a
t qLsaj) ϵijCLλρ

νµ
(
(DµēRp)σλρ (Dν lLri)

)
Cf2,f3,f4,f5 [35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩δa4

a5 ϵ
i3i4

ϵijCLλρ
νµ (ūR

a
t (DνqLsaj))

(
(DµēRp)σλρlLri

)
Cf2,f3,f4,f5 [34]⟨12⟩⟨13⟩2⟨14⟩⟨45⟩δa4

a5 ϵ
i3i4

ϵijCLλρ
νµ (ūR

a
t (DνqLsaj))

(
ēRpσ

λρ (DµlLri)
)

Cf2,f3,f4,f5s45⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a5 ϵ

i3i4

ϵijCLλρ
νµ ((DµēRp) (Dν lLri))

(
ūR

a
t σ

λρqLsaj

)
Cf2,f3,f4,f5 [45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩δa4

a5 ϵ
i3i4

ϵijCLλρ
νµ ((DµēRp) lLri)

(
ūR

a
t σ

λρ (DνqLsaj)
)

Cf2,f3,f4,f5 [34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩δa4
a5 ϵ

i3i4

ϵijCLλρ
νµ (ēRp (DµlLri))

(
ūR

a
t σ

λρ (DνqLsaj)
)

Cf2,f3,f4,f5s35⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a5 ϵ

i3i4

ϵij (DµCLνλρη)
(
ūR

a
t σ

νλqLsaj

)
((DµēRp)σρηlLri) Cf2,f3,f4,f5 [34]⟨13⟩2⟨14⟩2⟨25⟩δa4

a5 ϵ
i3i4

ϵij (DµCLνλρη) (ēRpσ
ρηlLri)

(
ūR

a
t σ

νλ (DµqLsaj)
)
Cf2,f3,f4,f5 [35]⟨13⟩2⟨14⟩⟨15⟩⟨25⟩δa4

a5 ϵ
i3i4

ϵijCLλρ
νµ ((DµēRp)ση

ρlLri)
(
ūR

a
t σ

ηλ (DνqLsaj)
)
Cf2,f3,f4,f5 [45]⟨13⟩⟨14⟩2⟨15⟩⟨25⟩δa4

a5 ϵ
i3i4

(4.186)

O(1∼18)
CLd̄Rq2ūRD2

Y [ r s ]
(
ūR

b
tqLsaj

)
ϵijCLλρ

νµ
((
Dµd̄R

a
p

)
σλρ (DνqLrbi)

)
C[2]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩δa4

a2δ
a3
a5 ϵ

i3i4

Y [ r s ] ϵijCLλρ
νµ
(
ūR

b
t (DνqLsaj)

) ((
Dµd̄R

a
p

)
σλρqLrbi

)
C[2]

f2,f3f4,f5
[34]⟨12⟩⟨13⟩2⟨14⟩⟨45⟩δa4

a2δ
a3
a5 ϵ

i3i4

Y [ r s ] ϵijCLλρ
νµ
(
ūR

b
t (DνqLsaj)

) (
d̄R

a
pσ

λρ (DµqLrbi)
)

C[2]
f2,f3f4,f5

s45⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a2δ

a3
a5 ϵ

i3i4

Y [ r s ] ϵijCLλρ
νµ
((
Dµd̄R

a
p

)
(DνqLrbi)

) (
ūR

b
tσ

λρqLsaj

)
C[2]

f2,f3f4,f5
[45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩δa4

a2δ
a3
a5 ϵ

i3i4

Y [ r s ] ϵijCLλρ
νµ
((
Dµd̄R

a
p

)
qLrbi

) (
ūR

b
tσ

λρ (DνqLsaj)
)

C[2]
f2,f3f4,f5

[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩δa4
a2δ

a3
a5 ϵ

i3i4

Y [ r s ] ϵijCLλρ
νµ
(
d̄R

a
p (DµqLrbi)

) (
ūR

b
tσ

λρ (DνqLsaj)
)

C[2]
f2,f3f4,f5

s35⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a2δ

a3
a5 ϵ

i3i4

Y [ r s ] ϵij (DµCLνλρη)
(
ūR

b
tσ

νλqLsaj

) ((
Dµd̄R

a
p

)
σρηqLrbi

)
C[2]

f2,f3f4,f5
[34]⟨13⟩2⟨14⟩2⟨25⟩δa4

a2δ
a3
a5 ϵ

i3i4

Y [ r s ] ϵij (DµCLνλρη)
(
d̄R

a
pσ

ρηqLrbi

) (
ūR

b
tσ

νλ (DµqLsaj)
)

C[2]
f2,f3f4,f5

[35]⟨13⟩2⟨14⟩⟨15⟩⟨25⟩δa4
a2δ

a3
a5 ϵ

i3i4

Y [ r s ] ϵijCLλρ
νµ
((
Dµd̄R

a
p

)
ση

ρqLrbi

) (
ūR

b
tσ

ηλ (DνqLsaj)
)
C[2]

f2,f3f4,f5
[45]⟨13⟩⟨14⟩2⟨15⟩⟨25⟩δa4

a2δ
a3
a5 ϵ

i3i4

Y
[

r
s

] (
ūR

b
tqLsaj

)
ϵijCLλρ

νµ
((
Dµd̄R

a
p

)
σλρ (DνqLrbi)

)
C[1,1]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩δa4

a2δ
a3
a5 ϵ

i3i4

Y
[

r
s

]
ϵijCLλρ

νµ
(
ūR

b
t (DνqLsaj)

) ((
Dµd̄R

a
p

)
σλρqLrbi

)
C[1,1]

f2,f3f4,f5
[34]⟨12⟩⟨13⟩2⟨14⟩⟨45⟩δa4

a2δ
a3
a5 ϵ

i3i4

Y
[

r
s

]
ϵijCLλρ

νµ
(
ūR

b
t (DνqLsaj)

) (
d̄R

a
pσ

λρ (DµqLrbi)
)

C[1,1]
f2,f3f4,f5

s45⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a2δ

a3
a5 ϵ

i3i4

Y
[

r
s

]
ϵijCLλρ

νµ
((
Dµd̄R

a
p

)
(DνqLrbi)

) (
ūR

b
tσ

λρqLsaj

)
C[1,1]

f2,f3f4,f5
[45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩δa4

a2δ
a3
a5 ϵ

i3i4

Y
[

r
s

]
ϵijCLλρ

νµ
((
Dµd̄R

a
p

)
qLrbi

) (
ūR

b
tσ

λρ (DνqLsaj)
)

C[1,1]
f2,f3f4,f5

[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩δa4
a2δ

a3
a5 ϵ

i3i4

Y
[

r
s

]
ϵijCLλρ

νµ
(
d̄R

a
p (DµqLrbi)

) (
ūR

b
tσ

λρ (DνqLsaj)
)

C[1,1]
f2,f3f4,f5

s35⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a2δ

a3
a5 ϵ

i3i4

Y
[

r
s

]
ϵij (DµCLνλρη)

(
ūR

b
tσ

νλqLsaj

) ((
Dµd̄R

a
p

)
σρηqLrbi

)
C[1,1]

f2,f3f4,f5
[34]⟨13⟩2⟨14⟩2⟨25⟩δa4

a2δ
a3
a5 ϵ

i3i4

Y
[

r
s

]
ϵij (DµCLνλρη)

(
d̄R

a
pσ

ρηqLrbi

) (
ūR

b
tσ

νλ (DµqLsaj)
)

C[1,1]
f2,f3f4,f5

[35]⟨13⟩2⟨14⟩⟨15⟩⟨25⟩δa4
a2δ

a3
a5 ϵ

i3i4

Y
[

r
s

]
ϵijCLλρ

νµ
((
Dµd̄R

a
p

)
ση

ρqLrbi

) (
ūR

b
tσ

ηλ (DνqLsaj)
)

C[1,1]
f2,f3f4,f5

[45]⟨13⟩⟨14⟩2⟨15⟩⟨25⟩δa4
a2δ

a3
a5 ϵ

i3i4

(4.187)
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O(1∼12)
CLlq3D2

Y [ r s t ] ϵabcϵikϵjlCLλρ
νµqLsbkCqLtcl

(
(DµlLpi)Cσλρ (DνqLraj)

)
Y [ r s t ] ϵabcϵikϵjlCLλρ

νµ ((DνqLsbk)CqLtcl)
(
lLpiCσ

λρ (DµqLraj)
)

Y [ r s t ] ϵabcϵikϵjlCLλρ
νµ ((DµlLpi)C (DνqLraj))

(
qLsbkCσ

λρqLtcl

)
Y
[

r s
t

]
ϵabcϵikϵjlCLλρ

νµqLsbkCqLtcl

(
(DµlLpi)Cσλρ (DνqLraj)

)
Y
[

r s
t

]
ϵabcϵikϵjlCLλρ

νµ ((DνqLsbk)CqLtcl)
(
(DµlLpi)CσλρqLraj

)
Y
[

r s
t

]
ϵabcϵikϵjlCLλρ

νµ ((DνqLsbk)CqLtcl)
(
lLpiCσ

λρ (DµqLraj)
)

Y
[

r s
t

]
ϵabcϵikϵjlCLλρ

νµ ((DµlLpi)C (DνqLraj))
(
qLsbkCσ

λρqLtcl

)
Y
[

r s
t

]
ϵabcϵijϵklCLλρ

νµqLsbkCqLtcl

(
(DµlLpi)Cσλρ (DνqLraj)

)
Y
[

r s
t

]
ϵabcϵijϵklCLλρ

νµ (lLpiC (DµqLraj))
(
(DνqLsbk)CσλρqLtcl

)
Y
[

r
s
t

]
ϵabcϵikϵjlCLλρ

νµqLsbkCqLtcl

(
(DµlLpi)Cσλρ (DνqLraj)

)
Y
[

r
s
t

]
ϵabcϵikϵjlCLλρ

νµ ((DνqLsbk)CqLtcl)
(
lLpiCσ

λρ (DµqLraj)
)

Y
[

r
s
t

]
ϵabcϵikϵjlCLλρ

νµ ((DµlLpi)C (DνqLraj))
(
qLsbkCσ

λρqLtcl

)
C[3]

f2,f3f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩ϵi2i4ϵi3i5ϵa3a4a5

C[3]
f2,f3f4f5

[34]⟨12⟩⟨13⟩2⟨14⟩⟨45⟩ϵi2i4ϵi3i5ϵa3a4a5

C[3]
f2,f3f4f5

[34]⟨13⟩2⟨14⟩2⟨25⟩ϵi2i4ϵi3i5ϵa3a4a5

C[2,1]
f2,f3f4f5

[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩ϵi2i4ϵi3i5ϵa3a4a5

C[2,1]
f2,f3f4f5

[34]⟨12⟩⟨13⟩2⟨14⟩⟨45⟩ϵi2i4ϵi3i5ϵa3a4a5

C[2,1]
f2,f3f4f5

s45⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵi2i4ϵi3i5ϵa3a4a5

C[2,1]
f2,f3f4f5

[45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩ϵi2i4ϵi3i5ϵa3a4a5

C[2,1]
f2,f3f4f5

[34]⟨13⟩2⟨14⟩2⟨25⟩ϵi2i4ϵi3i5ϵa3a4a5

C[2,1]
f2,f3f4f5

[35]⟨13⟩2⟨14⟩⟨15⟩⟨25⟩ϵi2i4ϵi3i5ϵa3a4a5

C[1,1,1]
f2,f3f4f5

[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩ϵi2i4ϵi3i5ϵa3a4a5

C[1,1,1]
f2,f3f4f5

[34]⟨12⟩⟨13⟩2⟨14⟩⟨45⟩ϵi2i4ϵi3i5ϵa3a4a5

C[1,1,1]
f2,f3f4f5

[34]⟨13⟩2⟨14⟩2⟨25⟩ϵi2i4ϵi3i5ϵa3a4a5

(4.188)

Class CLFLψ
2ϕD2: 8 types

O(1∼8)
CLBLēRlH†D2

H†iCLλρ
νµ
(
DµB

λρ
L

)
((Dν ēRp) lLri) Cf3,f4 [35]⟨12⟩2⟨13⟩2⟨45⟩δi4

i5

H†iCLλρ
νµ
(
DµB

λρ
L

)
(ēRp (Dν lLri)) Cf3,f4s45⟨12⟩2⟨13⟩⟨14⟩δi4

i5

H†iBλρ
L CLλρ

νµ ((DµēRp) (Dν lLri)) Cf3,f4 [45]⟨12⟩2⟨14⟩2⟨35⟩δi4
i5

H†i (DµCLνλρη) (DµBρη
L )

(
ēRpσ

νλlLri

)
Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩δi4

i5

H†iBρη
L (DµCLνλρη)

(
(DµēRp)σνλlLri

)
Cf3,f4s35⟨12⟩2⟨13⟩⟨14⟩δi4

i5

H†iCLλρ
νµ (DµBLη

ρ)
(
(Dν ēRp)σηλlLri

)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δi4

i5

H†iBρη
L (DµCLνλρη)

(
ēRpσ

νλ (DµlLri)
)

Cf3,f4 [35]⟨12⟩⟨13⟩2⟨14⟩⟨25⟩δi4
i5

H†iBLη
ρCLλρ

νµ
(
(DµēRp)σηλ (Dν lLri)

)
Cf3,f4 [45]⟨12⟩⟨13⟩⟨14⟩2⟨25⟩δi4

i5

(4.189)
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O(1∼8)
CLBLd̄RqH†D2

H†iCLλρ
νµ
(
DµB

λρ
L

) ((
Dν d̄R

a
p

)
qLrai

)
Cf3,f4 [35]⟨12⟩2⟨13⟩2⟨45⟩δi4

i5
δa4

a3

H†iCLλρ
νµ
(
DµB

λρ
L

) (
d̄R

a
p (DνqLrai)

)
Cf3,f4s45⟨12⟩2⟨13⟩⟨14⟩δi4

i5
δa4

a3

H†iBλρ
L CLλρ

νµ
((
Dµd̄R

a
p

)
(DνqLrai)

)
Cf3,f4 [45]⟨12⟩2⟨14⟩2⟨35⟩δi4

i5
δa4

a3

H†i (DµCLνλρη) (DµBρη
L )

(
d̄R

a
pσ

νλqLrai

)
Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩δi4

i5
δa4

a3

H†iBρη
L (DµCLνλρη)

((
Dµd̄R

a
p

)
σνλqLrai

)
Cf3,f4s35⟨12⟩2⟨13⟩⟨14⟩δi4

i5
δa4

a3

H†iCLλρ
νµ (DµBLη

ρ)
((
Dν d̄R

a
p

)
σηλqLrai

)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δi4

i5
δa4

a3

H†iBρη
L (DµCLνλρη)

(
d̄R

a
pσ

νλ (DµqLrai)
)

Cf3,f4 [35]⟨12⟩⟨13⟩2⟨14⟩⟨25⟩δi4
i5
δa4

a3

H†iBLη
ρCLλρ

νµ
((
Dµd̄R

a
p

)
σηλ (DνqLrai)

)
Cf3,f4 [45]⟨12⟩⟨13⟩⟨14⟩2⟨25⟩δi4

i5
δa4

a3

(4.190)

O(1∼8)
CLBLqūRHD2

ϵijHjCLλρ
νµ
(
DµB

λρ
L

)
(ūR

a
r (DνqLpai)) Cf3,f4 [35]⟨12⟩2⟨13⟩2⟨45⟩δa3

a4 ϵ
i3i5

ϵijHjCLλρ
νµ
(
DµB

λρ
L

)
((Dν ūR

a
r) qLpai) Cf3,f4s45⟨12⟩2⟨13⟩⟨14⟩δa3

a4 ϵ
i3i5

ϵijHjB
λρ
L CLλρ

νµ ((Dν ūR
a
r) (DµqLpai)) Cf3,f4 [45]⟨12⟩2⟨14⟩2⟨35⟩δa3

a4 ϵ
i3i5

ϵijHj (DµCLνλρη) (DµBρη
L )

(
ūR

a
rσ

νλqLpai

)
Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩δa3

a4 ϵ
i3i5

ϵijHjB
ρη
L (DµCLνλρη)

(
ūR

a
rσ

νλ (DµqLpai)
)

Cf3,f4s35⟨12⟩2⟨13⟩⟨14⟩δa3
a4 ϵ

i3i5

ϵijHjCLλρ
νµ (DµBLη

ρ)
(
ūR

a
rσ

ηλ (DνqLpai)
)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δa3

a4 ϵ
i3i5

ϵijHjB
ρη
L (DµCLνλρη)

(
(DµūR

a
r)σνλqLpai

)
Cf3,f4 [35]⟨12⟩⟨13⟩2⟨14⟩⟨25⟩δa3

a4 ϵ
i3i5

ϵijHjBLη
ρCLλρ

νµ
(
(Dν ūR

a
r)σηλ (DµqLpai)

)
Cf3,f4 [45]⟨12⟩⟨13⟩⟨14⟩2⟨25⟩δa3

a4 ϵ
i3i5

(4.191)

O(1∼8)
CLWLēRlH†D2

τ I i
jH

†jCLλρ
νµ
(
DµW

I
L

λρ
)
((Dν ēRp) lLri) Cf3,f4 [35]⟨12⟩2⟨13⟩2⟨45⟩

(
τ I2
)i4

i5

τ I i
jH

†jCLλρ
νµ
(
DµW

I
L

λρ
)
(ēRp (Dν lLri)) Cf3,f4s45⟨12⟩2⟨13⟩⟨14⟩

(
τ I2
)i4

i5

τ I i
jH

†jW I
L

λρCLλρ
νµ ((DµēRp) (Dν lLri)) Cf3,f4 [45]⟨12⟩2⟨14⟩2⟨35⟩

(
τ I2
)i4

i5

τ I i
jH

†j (DµCLνλρη)
(
DµW I

L
ρη
) (
ēRpσ

νλlLri

)
Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩

(
τ I2
)i4

i5

τ I i
jH

†jW I
L

ρη (DµCLνλρη)
(
(DµēRp)σνλlLri

)
Cf3,f4s35⟨12⟩2⟨13⟩⟨14⟩

(
τ I2
)i4

i5

τ I i
jH

†jCLλρ
νµ
(
DµW

I
Lη

ρ
) (

(Dν ēRp)σηλlLri

)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

(
τ I2
)i4

i5

τ I i
jH

†jW I
L

ρη (DµCLνλρη)
(
ēRpσ

νλ (DµlLri)
)

Cf3,f4 [35]⟨12⟩⟨13⟩2⟨14⟩⟨25⟩
(
τ I2
)i4

i5

τ I i
jH

†jCLλρ
νµW I

Lη
ρ
(
(DµēRp)σηλ (Dν lLri)

)
Cf3,f4 [45]⟨12⟩⟨13⟩⟨14⟩2⟨25⟩

(
τ I2
)i4

i5

(4.192)

O(1∼8)
CLWLd̄RqH†D2

τ I i
jH

†jCLλρ
νµ
(
DµW

I
L

λρ
) ((

Dν d̄R
a
p

)
qLrai

)
Cf3,f4 [35]⟨12⟩2⟨13⟩2⟨45⟩δa4

a3

(
τ I2
)i4

i5

τ I i
jH

†jCLλρ
νµ
(
DµW

I
L

λρ
) (
d̄R

a
p (DνqLrai)

)
Cf3,f4s45⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(
τ I2
)i4

i5

τ I i
jH

†jW I
L

λρCLλρ
νµ
((
Dµd̄R

a
p

)
(DνqLrai)

)
Cf3,f4 [45]⟨12⟩2⟨14⟩2⟨35⟩δa4

a3

(
τ I2
)i4

i5

τ I i
jH

†j (DµCLνλρη)
(
DµW I

L
ρη
) (
d̄R

a
pσ

νλqLrai

)
Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(
τ I2
)i4

i5

τ I i
jH

†jW I
L

ρη (DµCLνλρη)
((
Dµd̄R

a
p

)
σνλqLrai

)
Cf3,f4s35⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(
τ I2
)i4

i5

τ I i
jH

†jCLλρ
νµ
(
DµW

I
Lη

ρ
) ((

Dν d̄R
a
p

)
σηλqLrai

)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δa4

a3

(
τ I2
)i4

i5

τ I i
jH

†jW I
L

ρη (DµCLνλρη)
(
d̄R

a
pσ

νλ (DµqLrai)
)

Cf3,f4 [35]⟨12⟩⟨13⟩2⟨14⟩⟨25⟩δa4
a3

(
τ I2
)i4

i5

τ I i
jH

†jCLλρ
νµW I

Lη
ρ
((
Dµd̄R

a
p

)
σηλ (DνqLrai)

)
Cf3,f4 [45]⟨12⟩⟨13⟩⟨14⟩2⟨25⟩δa4

a3

(
τ I2
)i4

i5

(4.193)
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O(1∼8)
CLWLqūRHD2

τ I i
kϵ

jkHjCLλρ
νµ
(
DµW

I
L

λρ
)
(ūR

a
r (DνqLpai)) Cf3,f4 [35]⟨12⟩2⟨13⟩2⟨45⟩δa3

a4 ϵ
i5k
(
τ I2
)i3

k

τ I i
kϵ

jkHjCLλρ
νµ
(
DµW

I
L

λρ
)
((Dν ūR

a
r) qLpai) Cf3,f4s45⟨12⟩2⟨13⟩⟨14⟩δa3

a4 ϵ
i5k
(
τ I2
)i3

k

τ I i
kϵ

jkHjW
I
L

λρCLλρ
νµ ((Dν ūR

a
r) (DµqLpai)) Cf3,f4 [45]⟨12⟩2⟨14⟩2⟨35⟩δa3

a4 ϵ
i5k
(
τ I2
)i3

k

τ I i
kϵ

jkHj (DµCLνλρη)
(
DµW I

L
ρη
) (
ūR

a
rσ

νλqLpai

)
Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩δa3

a4 ϵ
i5k
(
τ I2
)i3

k

τ I i
kϵ

jkHjW
I
L

ρη (DµCLνλρη)
(
ūR

a
rσ

νλ (DµqLpai)
)

Cf3,f4s35⟨12⟩2⟨13⟩⟨14⟩δa3
a4 ϵ

i5k
(
τ I2
)i3

k

τ I i
kϵ

jkHjCLλρ
νµ
(
DµW

I
Lη

ρ
) (
ūR

a
rσ

ηλ (DνqLpai)
)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δa3

a4 ϵ
i5k
(
τ I2
)i3

k

τ I i
kϵ

jkHjW
I
L

ρη (DµCLνλρη)
(
(DµūR

a
r)σνλqLpai

)
Cf3,f4 [35]⟨12⟩⟨13⟩2⟨14⟩⟨25⟩δa3

a4 ϵ
i5k
(
τ I2
)i3

k

τ I i
kϵ

jkHjCLλρ
νµW I

Lη
ρ
(
(Dν ūR

a
r)σηλ (DµqLpai)

)
Cf3,f4 [45]⟨12⟩⟨13⟩⟨14⟩2⟨25⟩δa3

a4 ϵ
i5k
(
τ I2
)i3

k
(4.194)

O(1∼8)
CLGLd̄RqH†D2

λAb
aH

†iCLλρ
νµ
(
DµG

A
L

λρ
) ((

Dν d̄R
a
p

)
qLrbi

)
Cf3,f4 [35]⟨12⟩2⟨13⟩2⟨45⟩δi4

i5

(
λA2

)a4

a3

λAb
aH

†iCLλρ
νµ
(
DµG

A
L

λρ
) (
d̄R

a
p (DνqLrbi)

)
Cf3,f4s45⟨12⟩2⟨13⟩⟨14⟩δi4

i5

(
λA2

)a4

a3

λAb
aH

†iGA
L

λρCLλρ
νµ
((
Dµd̄R

a
p

)
(DνqLrbi)

)
Cf3,f4 [45]⟨12⟩2⟨14⟩2⟨35⟩δi4

i5

(
λA2

)a4

a3

λAb
aH

†i (DµCLνλρη)
(
DµGA

L
ρη
) (
d̄R

a
pσ

νλqLrbi

)
Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩δi4

i5

(
λA2

)a4

a3

λAb
aH

†iGA
L

ρη (DµCLνλρη)
((
Dµd̄R

a
p

)
σνλqLrbi

)
Cf3,f4s35⟨12⟩2⟨13⟩⟨14⟩δi4

i5

(
λA2

)a4

a3

λAb
aH

†iCLλρ
νµ
(
DµG

A
L η

ρ
) ((

Dν d̄R
a
p

)
σηλqLrbi

)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δi4

i5

(
λA2

)a4

a3

λAb
aH

†iGA
L

ρη (DµCLνλρη)
(
d̄R

a
pσ

νλ (DµqLrbi)
)

Cf3,f4 [35]⟨12⟩⟨13⟩2⟨14⟩⟨25⟩δi4
i5

(
λA2

)a4

a3

λAb
aH

†iCLλρ
νµGA

L η
ρ
((
Dµd̄R

a
p

)
σηλ (DνqLrbi)

)
Cf3,f4 [45]⟨12⟩⟨13⟩⟨14⟩2⟨25⟩δi4

i5

(
λA2

)a4

a3

(4.195)

O(1∼8)
CLGLqūRHD2

λAa
b ϵ

ijHjCLλρ
νµ
(
DµG

A
L

λρ
) (
ūR

b
r (DνqLpai)

)
Cf3,f4 [35]⟨12⟩2⟨13⟩2⟨45⟩ϵi3i5

(
λA2

)a3

a4

λAa
b ϵ

ijHjCLλρ
νµ
(
DµG

A
L

λρ
) ((

Dν ūR
b
r

)
qLpai

)
Cf3,f4s45⟨12⟩2⟨13⟩⟨14⟩ϵi3i5

(
λA2

)a3

a4

λAa
b ϵ

ijHjG
A
L

λρCLλρ
νµ
((
Dν ūR

b
r

)
(DµqLpai)

)
Cf3,f4 [45]⟨12⟩2⟨14⟩2⟨35⟩ϵi3i5

(
λA2

)a3

a4

λAa
b ϵ

ijHj (DµCLνλρη)
(
DµGA

L
ρη
) (
ūR

b
rσ

νλqLpai

)
Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩ϵi3i5

(
λA2

)a3

a4

λAa
b ϵ

ijHjG
A
L

ρη (DµCLνλρη)
(
ūR

b
rσ

νλ (DµqLpai)
)

Cf3,f4s35⟨12⟩2⟨13⟩⟨14⟩ϵi3i5
(
λA2

)a3

a4

λAa
b ϵ

ijHjCLλρ
νµ
(
DµG

A
L η

ρ
) (
ūR

b
rσ

ηλ (DνqLpai)
)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩ϵi3i5

(
λA2

)a3

a4

λAa
b ϵ

ijHjG
A
L

ρη (DµCLνλρη)
((
DµūR

b
r

)
σνλqLpai

)
Cf3,f4 [35]⟨12⟩⟨13⟩2⟨14⟩⟨25⟩ϵi3i5

(
λA2

)a3

a4

λAa
b ϵ

ijHjCLλρ
νµGA

L η
ρ
((
Dν ūR

b
r

)
σηλ (DµqLpai)

)
Cf3,f4 [45]⟨12⟩⟨13⟩⟨14⟩2⟨25⟩ϵi3i5

(
λA2

)a3

a4

(4.196)

Class CLFL
2ϕ2D2: 4 types

O(1∼4)
CLBL2HH†D2

HiH
†iBνλ

L (DµCLνλρη) (DµBρη
L ) s45⟨12⟩2⟨13⟩2δi4

i5

HiH
†iCLλρ

νµ
(
DνB

ηλ
L

)
(DµBLη

ρ) s35⟨12⟩2⟨13⟩2δi4
i5

H†iBνλ
L Bρη

L (DµCLνλρη) (DµHi) s34⟨12⟩2⟨13⟩2δi4
i5

H†iBηλ
L CLλρ

νµ (DνHi) (DµBLη
ρ) [45]⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δi4

i5

(4.197)
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O(1∼7)
CLBLWLHH†D2

τ I i
jHiH

†jW I
L

νλ (DµCLνλρη) (DµBρη
L ) s45⟨12⟩2⟨13⟩2

(
τ I3
)i4

i5

τ I i
jHiH

†jBρη
L (DµCLνλρη)

(
DµW I

L
νλ
)

s35⟨12⟩2⟨13⟩2
(
τ I3
)i4

i5

τ I i
jHiH

†jCLλρ
νµ (DµBLη

ρ)
(
DνW

I
L

ηλ
)
s34⟨12⟩2⟨13⟩2

(
τ I3
)i4

i5

τ I i
jH

†jBρη
L W I

L
νλ (DµCLνλρη) (DµHi) [45]⟨12⟩2⟨13⟩⟨14⟩⟨35⟩

(
τ I3
)i4

i5

τ I i
jH

†jW I
L

ηλCLλρ
νµ (DνHi) (DµBLη

ρ) [35]⟨12⟩⟨13⟩3⟨25⟩
(
τ I3
)i4

i5

τ I i
jH

†jCLνλρηW
I
L

νλ (DµB
ρη
L ) (DµHi) [34]⟨12⟩⟨13⟩3⟨24⟩

(
τ I3
)i4

i5

τ I i
jH

†jBLη
ρCLλρ

νµ (DνHi)
(
DµW

I
L

ηλ
)
[45]⟨12⟩⟨13⟩2⟨14⟩⟨25⟩

(
τ I3
)i4

i5

(4.198)

O(1∼7)
CLWL2HH†D2

HiH
†iW I

L
νλ (DµCLνλρη)

(
DµW I

L
ρη
)

s45⟨12⟩2⟨13⟩2δi4
i5
δI2I3

HiH
†iCLλρ

νµ
(
DµW

I
Lη

ρ
) (
DνW

I
L

ηλ
)

s35⟨12⟩2⟨13⟩2δi4
i5
δI2I3

H†iW I
L

νλW I
L

ρη (DµCLνλρη) (DµHi) s34⟨12⟩2⟨13⟩2δi4
i5
δI2I3

H†iW I
L

ηλCLλρ
νµ (DνHi)

(
DµW

I
Lη

ρ
)

[45]⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δi4
i5
δI2I3

τKi
jϵ

IJKHiH
†jW J

L
νλ (DµCLνλρη)

(
DµW I

L
ρη
)
s35⟨12⟩2⟨13⟩2ϵI2I3K

(
τK
)i4

i5

τKi
jϵ

IJKH†jW J
L

ηλCLλρ
νµ (DνHi)

(
DµW

I
Lη

ρ
)
s34⟨12⟩2⟨13⟩2ϵI2I3K

(
τK
)i4

i5

τKi
jϵ

IJKH†jCLνλρηW
J
L

νλ
(
DµW

I
L

ρη
)
(DµHi) [45]⟨12⟩2⟨13⟩⟨14⟩⟨35⟩ϵI2I3K

(
τK
)i4

i5

(4.199)

O(1∼4)
CLGL2HH†D2

HiH
†iGA

L
νλ (DµCLνλρη)

(
DµGA

L
ρη
)

s45⟨12⟩2⟨13⟩2δi4
i5
δA2A3

HiH
†iCLλρ

νµ
(
DνG

A
L

ηλ
) (
DµG

A
L η

ρ
)
s35⟨12⟩2⟨13⟩2δi4

i5
δA2A3

H†iGA
L

νλGA
L

ρη (DµCLνλρη) (DµHi) s34⟨12⟩2⟨13⟩2δi4
i5
δA2A3

H†iGA
L

ηλCLλρ
νµ (DνHi)

(
DµG

A
L η

ρ
)

[45]⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δi4
i5
δA2A3

(4.200)

Class CL
2ψ2ϕD2: 3 types

O(1∼6)
CL2ēRlH†D2

(ēRplLri)H†i (DµCLνλρη)
(
DµCνλρη

L

)
Cf3,f4s34⟨12⟩4⟨34⟩δi4

i5

H†iCνλρη
L (DµCLνλρη) ((DµēRp) lLri) Cf3,f4s35⟨12⟩4⟨34⟩δi4

i5

H†iCνλρη
L (DµCLνλρη) (ēRp (DµlLri)) Cf3,f4s45⟨12⟩4⟨34⟩δi4

i5

H†iCLξ
λρη (DµCLνλρη)

(
(DµēRp)σξν lLri

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2⟨24⟩2δi4

i5

H†iCLξ
λρη (DµCLνλρη)

(
ēRpσ

ξν (DµlLri)
)
Cf3,f4 [35]⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩δi4

i5

H†iCLηξ
λρCLλρ

νµ
(
(DµēRp)σηξ (Dν lLri)

)
Cf3,f4 [45]⟨12⟩2⟨13⟩⟨14⟩⟨24⟩⟨25⟩δi4

i5

(4.201)
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O(1∼6)
CL2d̄RqH†D2

(
d̄R

a
pqLrai

)
H†i (DµCLνλρη)

(
DµCνλρη

L

)
Cf3,f4s34⟨12⟩4⟨34⟩δi4

i5
δa4

a3

H†iCνλρη
L (DµCLνλρη)

((
Dµd̄R

a
p

)
qLrai

)
Cf3,f4s35⟨12⟩4⟨34⟩δi4

i5
δa4

a3

H†iCνλρη
L (DµCLνλρη)

(
d̄R

a
p (DµqLrai)

)
Cf3,f4s45⟨12⟩4⟨34⟩δi4

i5
δa4

a3

H†iCLξ
λρη (DµCLνλρη)

((
Dµd̄R

a
p

)
σξνqLrai

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2⟨24⟩2δi4

i5
δa4

a3

H†iCLξ
λρη (DµCLνλρη)

(
d̄R

a
pσ

ξν (DµqLrai)
)

Cf3,f4 [35]⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩δi4
i5
δa4

a3

H†iCLηξ
λρCLλρ

νµ
((
Dµd̄R

a
p

)
σηξ (DνqLrai)

)
Cf3,f4 [45]⟨12⟩2⟨13⟩⟨14⟩⟨24⟩⟨25⟩δi4

i5
δa4

a3

(4.202)

O(1∼6)
CL2qūRHD2

(ūR
a
rqLpai) ϵijHj (DµCLνλρη)

(
DµCνλρη

L

)
Cf3,f4s34⟨12⟩4⟨34⟩δa3

a4 ϵ
i3i5

ϵijHjC
νλρη
L (DµCLνλρη) (ūR

a
r (DµqLpai)) Cf3,f4s35⟨12⟩4⟨34⟩δa3

a4 ϵ
i3i5

ϵijHjC
νλρη
L (DµCLνλρη) ((DµūR

a
r) qLpai) Cf3,f4s45⟨12⟩4⟨34⟩δa3

a4 ϵ
i3i5

ϵijHjCLξ
λρη (DµCLνλρη)

(
ūR

a
rσ

ξν (DµqLpai)
)
Cf3,f4 [34]⟨12⟩2⟨13⟩2⟨24⟩2δa3

a4 ϵ
i3i5

ϵijHjCLξ
λρη (DµCLνλρη)

(
(DµūR

a
r)σξνqLpai

)
Cf3,f4 [35]⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩δa3

a4 ϵ
i3i5

ϵijHjCLηξ
λρCLλρ

νµ
(
(Dν ūR

a
r)σηξ (DµqLpai)

)
Cf3,f4 [45]⟨12⟩2⟨13⟩⟨14⟩⟨24⟩⟨25⟩δa3

a4 ϵ
i3i5

(4.203)

Class CL
2FLϕ

2D2: 2 types

O(1∼4)
CL2BLHH†D2

HiH
†iCLξ

λρη (DµCLνλρη)
(
DµBξν

L

)
[45]⟨12⟩4⟨34⟩⟨35⟩δi4

i5

H†iBξν
L CLξ

λρη (DµCLνλρη) (DµHi) [35]⟨12⟩2⟨13⟩2⟨23⟩⟨25⟩δi4
i5

H†iBλρ
L Cηξνµ

L (DνHi) (DµCLλρηξ) [34]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δi4
i5

H†iCLηξ
λρCLλρ

νµ (DνHi)
(
DµB

ηξ
L

)
[45]⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩δi4

i5

(4.204)

O(1∼4)
CL2WLHH†D2

τ I i
jHiH

†jCLξ
λρη (DµCLνλρη)

(
DµW I

L
ξν
)
[45]⟨12⟩4⟨34⟩⟨35⟩

(
τ I3
)i4

i5

τ I i
jH

†jW I
L

ξνCLξ
λρη (DµCLνλρη) (DµHi) [35]⟨12⟩2⟨13⟩2⟨23⟩⟨25⟩

(
τ I3
)i4

i5

τ I i
jH

†jCηξνµ
L W I

L
λρ (DνHi) (DµCLλρηξ) [34]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩

(
τ I3
)i4

i5

τ I i
jH

†jCLηξ
λρCLλρ

νµ (DνHi)
(
DµW

I
L

ηξ
)
[45]⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩

(
τ I3
)i4

i5

(4.205)

Class CL
3ϕ2D2: 1 types

OCL3HH†D2 HiH
†iCξτνλ

L (DµCLνλρη) (DµCLξτ
ρη) s45⟨12⟩2⟨13⟩2⟨23⟩2δi4

i5
(4.206)

Class CR
2FL

3: 2 types

OCR2WL3 ϵIJKCRµνλρC
µνλρ
R W I

LηξW
K
L

τηW J
L τ

ξ [45]4⟨12⟩⟨13⟩⟨23⟩ϵI1I2I3 (4.207)

OCR2GL3 fABCCRµνλρC
µνλρ
R GA

L ηξG
C
L

τηGB
L τ

ξ [45]4⟨12⟩⟨13⟩⟨23⟩fA1A2A3 (4.208)

Class CLCR
2FL

2: 3 types

OCLCR2BL2 Bλρ
L Bµν

L CLµνλρCRηξτυC
ηξτυ
R [45]4⟨12⟩2⟨13⟩2 (4.209)

OCLCR2WL2 CLµνλρCRηξτυC
ηξτυ
R W I

L
λρW I

L
µν [45]4⟨12⟩2⟨13⟩2δI2I3 (4.210)

OCLCR2GL2 CLµνλρCRηξτυC
ηξτυ
R GA

L
λρGA

L
µν [45]4⟨12⟩2⟨13⟩2δA2A3 (4.211)
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Class CLFL
2FR

2: 14 types

OCLBL2BR2 Bλρ
L Bµν

L BRηξB
ηξ
R CLµνλρ [45]2⟨12⟩2⟨13⟩2 (4.212)

OCLBL2WR2 Bλρ
L Bµν

L CLµνλρW
I
RηξW

I
R

ηξ [45]2⟨12⟩2⟨13⟩2δI4I5 (4.213)

OCLBLBRWLWR Bλρ
L BRηξCLµνλρW

I
L

µνW I
R

ηξ [45]2⟨12⟩2⟨13⟩2δI3I5 (4.214)

OCLBR2WL2 BRηξB
ηξ
R CLµνλρW

I
L

λρW I
L

µν [45]2⟨12⟩2⟨13⟩2δI2I3 (4.215)

OCLBL2GR2 Bλρ
L Bµν

L CLµνλρG
A
RηξG

A
R

ηξ [45]2⟨12⟩2⟨13⟩2δA4A5 (4.216)

OCLBLBRGLGR Bλρ
L BRηξCLµνλρG

A
L

µνGA
R

ηξ [45]2⟨12⟩2⟨13⟩2δA3A5 (4.217)

OCLBR2GL2 BRηξB
ηξ
R CLµνλρG

A
L

λρGA
L

µν [45]2⟨12⟩2⟨13⟩2δA2A3 (4.218)

O(1,2)
CLWL2WR2

CLµνλρW
I
L

λρW J
L

µνW I
RηξW

J
R

ηξ [45]2⟨12⟩2⟨13⟩2δI2I4δI3I5

CLµνλρW
I
L

λρW I
L

µνWK
R ηξW

K
R

ηξ [45]2⟨12⟩2⟨13⟩2δI2I3δI4I5
(4.219)

OCLGR2WL2 CLµνλρG
A
RηξG

A
R

ηξW I
L

λρW I
L

µν [45]2⟨12⟩2⟨13⟩2δI2I3δA4A5 (4.220)

OCLGLGRWLWR CLµνλρG
A
L

λρGA
RηξW

I
L

µνW I
R

ηξ [45]2⟨12⟩2⟨13⟩2δI3I5δA2A4 (4.221)

OCLGL2WR2 CLµνλρG
A
L

λρGA
L

µνW I
RηξW

I
R

ηξ [45]2⟨12⟩2⟨13⟩2δI4I5δA2A3 (4.222)

OCLBLGLGR2 dABCBλρ
L CLµνλρG

A
L

µνGB
RηξG

C
R

ηξ [45]2⟨12⟩2⟨13⟩2dA3A4A5 (4.223)

OCLBRGL2GR dABCBRηξCLµνλρG
A
L

λρGB
L

µνGC
R

ηξ [45]2⟨12⟩2⟨13⟩2dA2A3A5 (4.224)

O(1∼3)
CLGL2GR2

dABEdCDECLµνλρG
A
L

λρGB
L

µνGC
RηξG

D
R

ηξ [45]2⟨12⟩2⟨13⟩2dEA2A3dEA4A5

CLµνλρG
A
L

λρGA
L

µνGC
RηξG

C
R

ηξ [45]2⟨12⟩2⟨13⟩2δA2A3δA4A5

CLµνλρG
A
L

λρGB
L

µνGA
RηξG

B
R

ηξ [45]2⟨12⟩2⟨13⟩2δA2A4δA3A5

(4.225)

Class CL
3CR

2: 1 types

OCL3CR2 CLµνλρC
µνηξ
L CRτυφχC

τυφχ
R CLηξ

λρ [45]4⟨12⟩2⟨13⟩2⟨23⟩2 (4.226)

Class CL
3FR

2: 3 types

OCL3BR2 BRτυB
τυ
R CLµνλρC

µνηξ
L CLηξ

λρ [45]2⟨12⟩2⟨13⟩2⟨23⟩2 (4.227)

OCL3WR2 CLµνλρC
µνηξ
L W I

RτυW
I
R

τυCLηξ
λρ [45]2⟨12⟩2⟨13⟩2⟨23⟩2δI4I5 (4.228)

OCL3GR2 CLµνλρC
µνηξ
L GA

RτυG
A
R

τυCLηξ
λρ [45]2⟨12⟩2⟨13⟩2⟨23⟩2δA4A5 (4.229)

Class CLFLFRψψ̄D: 27 types

O(1,2)
CLBLBRēReRD

Bην
R CLνλρ

µ (DµBLη
ρ)
(
ēRpγ

λeRr

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

Bην
R BLη

ρCLνλρ
µ
(
(DµēRp) γλeRr

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2 (4.230)

O(1,2)
CLBLBRll̄D

Bην
R CLνλρ

µ (DµBLη
ρ)
(
l̄L

i
rγ

λlLpi

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δi3

i4

Bην
R BLη

ρCLνλρ
µ
(
l̄L

i
rγ

λ (DµlLpi)
)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δi3

i4

(4.231)
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1
9

O(1,2)
CLBLWRll̄D

τ I i
jW

I
R

ηνCLνλρ
µ (DµBLη

ρ)
(
l̄L

j
rγ

λlLpi

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
τ I5
)i3

i4

τ I i
jW

I
R

ηνBLη
ρCLνλρ

µ
(
l̄L

j
rγ

λ (DµlLpi)
)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2

(
τ I5
)i3

i4

(4.232)

O(1,2)
CLBRWLll̄D

τ I i
jB

ην
R CLνλρ

µ
(
DµW

I
Lη

ρ
) (
l̄L

j
rγ

λlLpi

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
τ I2
)i3

i4

τ I i
jB

ην
R CLνλρ

µW I
Lη

ρ
(
l̄L

j
rγ

λ (DµlLpi)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2
(
τ I2
)i3

i4

(4.233)

O(1,2)
CLBLBRd̄RdRD

Bην
R CLνλρ

µ (DµBLη
ρ)
(
d̄R

a
pγ

λdRra

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa4

a3

Bην
R BLη

ρCLνλρ
µ
((
Dµd̄R

a
p

)
γλdRra

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa4

a3

(4.234)

O(1,2)
CLBLBRūRuRD

Bην
R CLνλρ

µ (DµBLη
ρ)
(
ūR

a
pγ

λuRra

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa4

a3

Bην
R BLη

ρCLνλρ
µ
((
DµūR

a
p

)
γλuRra

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa4

a3

(4.235)

O(1,2)
CLBLGRd̄RdRD

λAb
aG

A
R

ηνCLνλρ
µ (DµBLη

ρ)
(
d̄R

a
pγ

λdRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA5

)a4

a3

λAb
aG

A
R

ηνBLη
ρCLνλρ

µ
((
Dµd̄R

a
p

)
γλdRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2

(
λA5

)a4

a3

(4.236)

O(1,2)
CLBLGRūRuRD

λAb
aG

A
R

ηνCLνλρ
µ (DµBLη

ρ)
(
ūR

a
pγ

λuRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA5

)a4

a3

λAb
aG

A
R

ηνBLη
ρCLνλρ

µ
((
DµūR

a
p

)
γλuRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2

(
λA5

)a4

a3

(4.237)

O(1,2)
CLBRGLd̄RdRD

λAb
aB

ην
R CLνλρ

µ
(
DµG

A
L η

ρ
) (
d̄R

a
pγ

λdRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a4

a3

λAb
aB

ην
R CLνλρ

µGA
L η

ρ
((
Dµd̄R

a
p

)
γλdRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2

(
λA2

)a4

a3

(4.238)

O(1,2)
CLBRGLūRuRD

λAb
aB

ην
R CLνλρ

µ
(
DµG

A
L η

ρ
) (
ūR

a
pγ

λuRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a4

a3

λAb
aB

ην
R CLνλρ

µGA
L η

ρ
((
DµūR

a
p

)
γλuRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2

(
λA2

)a4

a3

(4.239)

O(1,2)
CLBLBRqq̄D

Bην
R CLνλρ

µ (DµBLη
ρ)
(
q̄L

ai
r γ

λqLpai

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δi3

i4
δa3

a4

Bην
R BLη

ρCLνλρ
µ
(
q̄L

ai
r γ

λ (DµqLpai)
)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δi3

i4
δa3

a4

(4.240)

O(1,2)
CLBLWRqq̄D

τ I i
jW

I
R

ηνCLνλρ
µ (DµBLη

ρ)
(
q̄L

aj
r γ

λqLpai

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa3

a4

(
τ I5
)i3

i4

τ I i
jW

I
R

ηνBLη
ρCLνλρ

µ
(
q̄L

aj
r γ

λ (DµqLpai)
)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa3

a4

(
τ I5
)i3

i4

(4.241)

O(1,2)
CLBRWLqq̄D

τ I i
jB

ην
R CLνλρ

µ
(
DµW

I
Lη

ρ
) (
q̄L

aj
r γ

λqLpai

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa3

a4

(
τ I2
)i3

i4

τ I i
jB

ην
R CLνλρ

µW I
Lη

ρ
(
q̄L

aj
r γ

λ (DµqLpai)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa3
a4

(
τ I2
)i3

i4

(4.242)
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J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

O(1,2)
CLBLGRqq̄D

λAa
bG

A
R

ηνCLνλρ
µ (DµBLη

ρ)
(
q̄L

bi
r γ

λqLpai

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δi3

i4

(
λA5

)a3

a4

λAa
bG

A
R

ηνBLη
ρCLνλρ

µ
(
q̄L

bi
r γ

λ (DµqLpai)
)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δi3

i4

(
λA5

)a3

a4

(4.243)

O(1,2)
CLBRGLqq̄D

λAa
bB

ην
R CLνλρ

µ
(
DµG

A
L η

ρ
) (
q̄L

bi
r γ

λqLpai

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δi3

i4

(
λA2

)a3

a4

λAa
bB

ην
R CLνλρ

µGA
L η

ρ
(
q̄L

bi
r γ

λ (DµqLpai)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δi3
i4

(
λA2

)a3

a4

(4.244)

O(1,2)
CLWLWRēReRD

W I
R

ηνCLνλρ
µ
(
DµW

I
Lη

ρ
) (
ēRpγ

λeRr

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δI2I5

W I
R

ηνCLνλρ
µW I

Lη
ρ
(
(DµēRp) γλeRr

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δI2I5

(4.245)

O(1∼4)
CLWLWRll̄D

τKi
jϵ

IJKW J
R

ηνCLνλρ
µ
(
DµW

I
Lη

ρ
) (
l̄L

j
rγ

λlLpi

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩ϵI2I5K

(
τK
)i3

i4

τKi
jϵ

IJKW J
R

ηνCLνλρ
µW I

Lη
ρ
(
l̄L

j
rγ

λ (DµlLpi)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2ϵI2I5K
(
τK
)i3

i4

W I
R

ηνCLνλρ
µ
(
DµW

I
Lη

ρ
) (
l̄L

i
rγ

λlLpi

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δi3

i4
δI5I2

W I
R

ηνCLνλρ
µW I

Lη
ρ
(
l̄L

i
rγ

λ (DµlLpi)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δi3
i4
δI5I2

(4.246)

O(1,2)
CLWLWRd̄RdRD

W I
R

ηνCLνλρ
µ
(
DµW

I
Lη

ρ
) (
d̄R

a
pγ

λdRra

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa4

a3δ
I2I5

W I
R

ηνCLνλρ
µW I

Lη
ρ
((
Dµd̄R

a
p

)
γλdRra

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa4

a3δ
I2I5

(4.247)

O(1,2)
CLWLWRūRuRD

W I
R

ηνCLνλρ
µ
(
DµW

I
Lη

ρ
) (
ūR

a
pγ

λuRra

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa4

a3δ
I2I5

W I
R

ηνCLνλρ
µW I

Lη
ρ
((
DµūR

a
p

)
γλuRra

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa4

a3δ
I2I5

(4.248)

O(1∼4)
CLWLWRqq̄D

τKi
jϵ

IJKW J
R

ηνCLνλρ
µ
(
DµW

I
Lη

ρ
) (
q̄L

aj
r γ

λqLpai

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa3

a4 ϵ
I2I5K

(
τK
)i3

i4

τKi
jϵ

IJKW J
R

ηνCLνλρ
µW I

Lη
ρ
(
q̄L

aj
r γ

λ (DµqLpai)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa3
a4 ϵ

I2I5K
(
τK
)i3

i4

W I
R

ηνCLνλρ
µ
(
DµW

I
Lη

ρ
) (
q̄L

ai
r γ

λqLpai

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δi3

i4
δa3

a4δ
I5I2

W I
R

ηνCLνλρ
µW I

Lη
ρ
(
q̄L

ai
r γ

λ (DµqLpai)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δi3
i4
δa3

a4δ
I5I2

(4.249)

O(1,2)
CLGRWLqq̄D

λAa
bτ

I i
jG

A
R

ηνCLνλρ
µ
(
DµW

I
Lη

ρ
) (
q̄L

bj
r γ

λqLpai

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA5

)a3

a4

(
τ I2
)i3

i4

λAa
bτ

I i
jG

A
R

ηνCLνλρ
µW I

Lη
ρ
(
q̄L

bj
r γ

λ (DµqLpai)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2
(
λA5

)a3

a4

(
τ I2
)i3

i4

(4.250)

O(1,2)
CLGLWRqq̄D

λAa
bτ

I i
jW

I
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
q̄L

bj
r γ

λqLpai

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a3

a4

(
τ I5
)i3

i4

λAa
bτ

I i
jW

I
R

ηνCLνλρ
µGA

L η
ρ
(
q̄L

bj
r γ

λ (DµqLpai)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2
(
λA2

)a3

a4

(
τ I5
)i3

i4

(4.251)

O(1,2)
CLGLGRēReRD

GA
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ēRpγ

λeRr

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δA2A5

GA
R

ηνCLνλρ
µGA

L η
ρ
(
(DµēRp) γλeRr

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δA2A5

(4.252)
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J
H
E
P
1
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(
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0
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)
0
1
9

O(1,2)
CLGLGRll̄D

GA
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
l̄L

i
rγ

λlLpi

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δi3

i4
δA2A5

GA
R

ηνCLνλρ
µGA

L η
ρ
(
l̄L

i
rγ

λ (DµlLpi)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δi3
i4
δA2A5

(4.253)

O(1∼6)
CLGLGRd̄RdRD

dABCλCb
aG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
d̄R

a
pγ

λdRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩dCA2A5

(
λC
)a4

a3

dABCλCb
aG

B
R

ηνCLνλρ
µGA

L η
ρ
((
Dµd̄R

a
p

)
γλdRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2dCA2A5

(
λC
)a4

a3

fABCλCb
aG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
d̄R

a
pγ

λdRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩fCA2A5

(
λC
)a4

a3

fABCλCb
aG

B
R

ηνCLνλρ
µGA

L η
ρ
((
Dµd̄R

a
p

)
γλdRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2fCA2A5

(
λC
)a4

a3

GA
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
d̄R

a
pγ

λdRra

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa4

a3δ
A2A5

GA
R

ηνCLνλρ
µGA

L η
ρ
((
Dµd̄R

a
p

)
γλdRra

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa4

a3δ
A2A5

(4.254)

O(1∼6)
CLGLGRūRuRD

dABCλCb
aG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ūR

a
pγ

λuRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩dCA2A5

(
λC
)a4

a3

dABCλCb
aG

B
R

ηνCLνλρ
µGA

L η
ρ
((
DµūR

a
p

)
γλuRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2dCA2A5

(
λC
)a4

a3

fABCλCb
aG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ūR

a
pγ

λuRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩fCA2A5

(
λC
)a4

a3

fABCλCb
aG

B
R

ηνCLνλρ
µGA

L η
ρ
((
DµūR

a
p

)
γλuRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2fCA2A5

(
λC
)a4

a3

GA
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ūR

a
pγ

λuRra

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa4

a3δ
A2A5

GA
R

ηνCLνλρ
µGA

L η
ρ
((
DµūR

a
p

)
γλuRra

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa4

a3δ
A2A5

(4.255)

O(1∼6)
CLGLGRqq̄D

dABCλCa
bG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
q̄L

bi
r γ

λqLpai

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δi3

i4
dCA2A5

(
λC
)a3

a4

dABCλCa
bG

B
R

ηνCLνλρ
µGA

L η
ρ
(
q̄L

bi
r γ

λ (DµqLpai)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δi3
i4
dCA2A5

(
λC
)a3

a4

fABCλCa
bG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
q̄L

bi
r γ

λqLpai

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δi3

i4
fCA2A5

(
λC
)a3

a4

fABCλCa
bG

B
R

ηνCLνλρ
µGA

L η
ρ
(
q̄L

bi
r γ

λ (DµqLpai)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δi3
i4
fCA2A5

(
λC
)a3

a4

GA
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
q̄L

ai
r γ

λqLpai

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δi3

i4
δa3

a4δ
A2A5

GA
R

ηνCLνλρ
µGA

L η
ρ
(
q̄L

ai
r γ

λ (DµqLpai)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δi3
i4
δa3

a4δ
A2A5

(4.256)

Class CL
2FRψψ̄D: 10 types

OCL2BRēReRD Bξν
R CLξ

ρλµ (DµCLνλρη) (ēRpγ
ηeRr) Cf3,f4 [45]2⟨12⟩4⟨34⟩ (4.257)

OCL2BRll̄D Bξν
R CLξ

ρλµ (DµCLνλρη)
(
l̄L

i
rγ

ηlLpi

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩δi3

i4
(4.258)

OCL2WRll̄D τ I i
jW

I
R

ξνCLξ
ρλµ (DµCLνλρη)

(
l̄L

j
rγ

ηlLpi

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩

(
τ I5
)i3

i4
(4.259)

OCL2BRd̄RdRD Bξν
R CLξ

ρλµ (DµCLνλρη)
(
d̄R

a
pγ

ηdRra

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩δa4

a3 (4.260)

OCL2BRūRuRD Bξν
R CLξ

ρλµ (DµCLνλρη)
(
ūR

a
pγ

ηuRra

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩δa4

a3 (4.261)

OCL2GRd̄RdRD λAb
aG

A
R

ξνCLξ
ρλµ (DµCLνλρη)

(
d̄R

a
pγ

ηdRrb

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩

(
λA5

)a4

a3

(4.262)

OCL2GRūRuRD λAb
aG

A
R

ξνCLξ
ρλµ (DµCLνλρη)

(
ūR

a
pγ

ηuRrb

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩

(
λA5

)a4

a3

(4.263)

OCL2BRqq̄D Bξν
R CLξ

ρλµ (DµCLνλρη)
(
q̄L

ai
r γ

ηqLpai
)
Cf3,f4 [45]2⟨12⟩4⟨34⟩δi3

i4
δa3

a4
(4.264)
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OCL2WRqq̄D τ I i
jW

I
R

ξνCLξ
ρλµ (DµCLνλρη)

(
q̄L

aj
r γ

ηqLpai
)
Cf3,f4 [45]2⟨12⟩4⟨34⟩δa3

a4

(
τ I5
)i3

i4

(4.265)

OCL2GRqq̄D λAa
bG

A
R

ξνCLξ
ρλµ (DµCLνλρη)

(
q̄L

bi
r γ

ηqLpai

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩δi3

i4

(
λA5

)a3

a4

(4.266)

Class CLFRψ
2ϕD2: 8 types

O(1∼3)
CLBRēRlH†D2

H†iBRη
ρCLλ

ν
ρ

µ
(
(DµDν ēRp)σηλlLri

)
Cf2,f3 [35]2⟨12⟩⟨13⟩3δi3

i4

H†iBRη
ρCLλ

ν
ρ

µ
(
(DµēRp)σηλ (Dν lLri)

)
Cf2,f3 [45]2⟨12⟩⟨13⟩⟨14⟩2δi3

i4

H†iBRη
ρCLλ

ν
ρ

µ
(
ēRpσ

ηλ (DµDν lLri)
)

Cf2,f3 [35][45]⟨12⟩⟨13⟩2⟨14⟩δi3
i4

(4.267)

O(1∼3)
CLWRēRlH†D2

τ I i
jH

†jW I
Rη

ρCLλ
ν

ρ
µ
(
(DµDν ēRp)σηλlLri

)
Cf2,f3 [35]2⟨12⟩⟨13⟩3

(
τ I5
)i3

i4

τ I i
jH

†jW I
Rη

ρCLλ
ν

ρ
µ
(
(DµēRp)σηλ (Dν lLri)

)
Cf2,f3 [45]2⟨12⟩⟨13⟩⟨14⟩2

(
τ I5
)i3

i4

τ I i
jH

†jW I
Rη

ρCLλ
ν

ρ
µ
(
ēRpσ

ηλ (DµDν lLri)
)

Cf2,f3 [35][45]⟨12⟩⟨13⟩2⟨14⟩
(
τ I5
)i3

i4

(4.268)

O(1∼3)
CLBRd̄RqH†D2

H†iBRη
ρCLλ

ν
ρ

µ
((
DµDν d̄R

a
p

)
σηλqLrai

)
Cf2,f3 [35]2⟨12⟩⟨13⟩3δi3

i4
δa3

a2

H†iBRη
ρCLλ

ν
ρ

µ
((
Dµd̄R

a
p

)
σηλ (DνqLrai)

)
Cf2,f3 [45]2⟨12⟩⟨13⟩⟨14⟩2δi3

i4
δa3

a2

H†iBRη
ρCLλ

ν
ρ

µ
(
d̄R

a
pσ

ηλ (DµDνqLrai)
)

Cf2,f3 [35][45]⟨12⟩⟨13⟩2⟨14⟩δi3
i4
δa3

a2

(4.269)

O(1∼3)
CLWRd̄RqH†D2

τ I i
jH

†jW I
Rη

ρCLλ
ν

ρ
µ
((
DµDν d̄R

a
p

)
σηλqLrai

)
Cf2,f3 [35]2⟨12⟩⟨13⟩3δa3

a2

(
τ I5
)i3

i4

τ I i
jH

†jW I
Rη

ρCLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
σηλ (DνqLrai)

)
Cf2,f3 [45]2⟨12⟩⟨13⟩⟨14⟩2δa3

a2

(
τ I5
)i3

i4

τ I i
jH

†jW I
Rη

ρCLλ
ν

ρ
µ
(
d̄R

a
pσ

ηλ (DµDνqLrai)
)

Cf2,f3 [35][45]⟨12⟩⟨13⟩2⟨14⟩δa3
a2

(
τ I5
)i3

i4

(4.270)

O(1∼3)
CLGRd̄RqH†D2

λAb
aH

†iGA
Rη

ρCLλ
ν

ρ
µ
((
DµDν d̄R

a
p

)
σηλqLrbi

)
Cf2,f3 [35]2⟨12⟩⟨13⟩3δi3

i4

(
λA5

)a3

a2

λAb
aH

†iGA
Rη

ρCLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
σηλ (DνqLrbi)

)
Cf2,f3 [45]2⟨12⟩⟨13⟩⟨14⟩2δi3

i4

(
λA5

)a3

a2

λAb
aH

†iGA
Rη

ρCLλ
ν

ρ
µ
(
d̄R

a
pσ

ηλ (DµDνqLrbi)
)

Cf2,f3 [35][45]⟨12⟩⟨13⟩2⟨14⟩δi3
i4

(
λA5

)a3

a2

(4.271)

O(1∼3)
CLBRqūRHD2

ϵijHjBRη
ρCLλ

ν
ρ

µ
(
ūR

a
rσ

ηλ (DµDνqLpai)
)

Cf2,f3 [35]2⟨12⟩⟨13⟩3δa2
a3 ϵ

i2i4

ϵijHjBRη
ρCLλ

ν
ρ

µ
(
(Dν ūR

a
r)σηλ (DµqLpai)

)
Cf2,f3 [45]2⟨12⟩⟨13⟩⟨14⟩2δa2

a3 ϵ
i2i4

ϵijHjBRη
ρCLλ

ν
ρ

µ
(
(DµDν ūR

a
r)σηλqLpai

)
Cf2,f3 [35][45]⟨12⟩⟨13⟩2⟨14⟩δa2

a3 ϵ
i2i4

(4.272)

O(1∼3)
CLWRqūRHD2

τ I i
kϵ

jkHjW
I
Rη

ρCLλ
ν

ρ
µ
(
ūR

a
rσ

ηλ (DµDνqLpai)
)

Cf2,f3 [35]2⟨12⟩⟨13⟩3δa2
a3 ϵ

i4k
(
τ I5
)i2

k

τ I i
kϵ

jkHjW
I
Rη

ρCLλ
ν

ρ
µ
(
(Dν ūR

a
r)σηλ (DµqLpai)

)
Cf2,f3 [45]2⟨12⟩⟨13⟩⟨14⟩2δa2

a3 ϵ
i4k
(
τ I5
)i2

k

τ I i
kϵ

jkHjW
I
Rη

ρCLλ
ν

ρ
µ
(
(DµDν ūR

a
r)σηλqLpai

)
Cf2,f3 [35][45]⟨12⟩⟨13⟩2⟨14⟩δa2

a3 ϵ
i4k
(
τ I5
)i2

k
(4.273)
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O(1∼3)
CLGRqūRHD2

λAa
b ϵ

ijHjG
A
Rη

ρCLλ
ν

ρ
µ
(
ūR

b
rσ

ηλ (DµDνqLpai)
)

Cf2,f3 [35]2⟨12⟩⟨13⟩3ϵi2i4
(
λA5

)a2

a3

λAa
b ϵ

ijHjG
A
Rη

ρCLλ
ν

ρ
µ
((
Dν ūR

b
r

)
σηλ (DµqLpai)

)
Cf2,f3 [45]2⟨12⟩⟨13⟩⟨14⟩2ϵi2i4

(
λA5

)a2

a3

λAa
b ϵ

ijHjG
A
Rη

ρCLλ
ν

ρ
µ
((
DµDν ūR

b
r

)
σηλqLpai

)
Cf2,f3 [35][45]⟨12⟩⟨13⟩2⟨14⟩ϵi2i4

(
λA5

)a2

a3

(4.274)

Class CLψ
2ψ̄2D2: 21 types

O(1∼4)
CLē2

Re2
RD2

Y [ p r , s t ]CLλρ
νµ ((DµēRp) γρeRs)

(
(Dν ēRr) γλeRt

)
C[2],[2]

f2f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩

Y
[

p r , s
t

]
CLλ

ν
ρ

µ
(
ēRrγ

λeRt

)
((DµDν ēRp) γρeRs) C[2],[1,1]

f2f3,f4f5
[34][35]⟨12⟩⟨13⟩3

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
ēRrγ

λeRt

)
((DµDν ēRp) γρeRs) C[1,1],[1,1]

f2f3,f4f5
[34][35]⟨12⟩⟨13⟩3

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ ((DµēRp) γρeRs)
(
(Dν ēRr) γλeRt

)
C[1,1],[1,1]

f2f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩

(4.275)

O(1∼4)
CLēReRll̄D2

CLλ
ν

ρ
µ
(
l̄L

i
tγ

λlLri

)
((DµDν ēRp) γρeRs) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δi3

i5

CLλρ
νµ ((DµēRp) γρeRs)

(
l̄L

i
tγ

λ (Dν lLri)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i3
i5

CLλ
ν

ρ
µ ((DµēRp) γρeRs)

(
l̄L

i
tγ

λ (Dν lLri)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δi3

i5

CLλ
ν

ρ
µ (ēRpγ

ρeRs)
(
l̄L

i
tγ

λ (DµDν lLri)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δi3
i5

(4.276)

O(1∼4)
CLdRēRlq̄D2

CLλ
ν

ρ
µ
(
q̄L

ai
t γ

λlLri

)
((DµDν ēRp) γρdRsa) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δi3

i5
δa4

a5

CLλρ
νµ ((DµēRp) γρdRsa)

(
q̄L

ai
t γ

λ (Dν lLri)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i3
i5
δa4

a5

CLλ
ν

ρ
µ ((DµēRp) γρdRsa)

(
q̄L

ai
t γ

λ (Dν lLri)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δi3

i5
δa4

a5

CLλ
ν

ρ
µ (ēRpγ

ρdRsa)
(
q̄L

ai
t γ

λ (DµDν lLri)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δi3
i5
δa4

a5

(4.277)

O(1∼4)
CLd̄RdRll̄D2

CLλ
ν

ρ
µ
(
l̄L

i
tγ

λlLri

) ((
DµDν d̄R

a
p

)
γρdRsa

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δi3

i5
δa4

a2

CLλρ
νµ
((
Dµd̄R

a
p

)
γρdRsa

) (
l̄L

i
tγ

λ (Dν lLri)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i3
i5
δa4

a2

CLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρdRsa

) (
l̄L

i
tγ

λ (Dν lLri)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δi3

i5
δa4

a2

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρdRsa

) (
l̄L

i
tγ

λ (DµDν lLri)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δi3
i5
δa4

a2

(4.278)

O(1∼4)
CLll̄ūRuRD2

CLλ
ν

ρ
µ
(
ūR

a
rγ

λuRta

) (
l̄L

i
sγ

ρ (DµDν lLpi)
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δi2
i4
δa5

a3

CLλρ
νµ
(
l̄L

i
sγ

ρ (DµlLpi)
) (

(Dν ūR
a
r) γλuRta

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i2
i4
δa5

a3

CLλ
ν

ρ
µ
(
l̄L

i
sγ

ρ (DµlLpi)
) (

(Dν ūR
a
r) γλuRta

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δi2

i4
δa5

a3

CLλ
ν

ρ
µ
(
l̄L

i
sγ

ρlLpi

) (
(DµDν ūR

a
r) γλuRta

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δi2

i4
δa5

a3

(4.279)

O(1∼4)
CLēReRqq̄D2

CLλ
ν

ρ
µ
(
q̄L

ai
t γ

λqLrai

)
((DµDν ēRp) γρeRs) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δi3

i5
δa3

a5

CLλρ
νµ ((DµēRp) γρeRs)

(
q̄L

ai
t γ

λ (DνqLrai)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i3
i5
δa3

a5

CLλ
ν

ρ
µ ((DµēRp) γρeRs)

(
q̄L

ai
t γ

λ (DνqLrai)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δi3

i5
δa3

a5

CLλ
ν

ρ
µ (ēRpγ

ρeRs)
(
q̄L

ai
t γ

λ (DµDνqLrai)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δi3
i5
δa3

a5

(4.280)

O(1∼4)
CLd̄ReR l̄qD2

CLλ
ν

ρ
µ
(
l̄L

i
tγ

λqLrai

) ((
DµDν d̄R

a
p

)
γρeRs

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δi3

i5
δa3

a2

CLλρ
νµ
((
Dµd̄R

a
p

)
γρeRs

) (
l̄L

i
tγ

λ (DνqLrai)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i3
i5
δa3

a2

CLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρeRs

) (
l̄L

i
tγ

λ (DνqLrai)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δi3

i5
δa3

a2

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρeRs

) (
l̄L

i
tγ

λ (DµDνqLrai)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δi3
i5
δa3

a2

(4.281)
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O(1∼8)
CLl2 l̄2D2

Y [ p r , s t ]CLλ
ν

ρ
µ
(
l̄L

j
tγ

λlLrj

) (
l̄L

i
sγ

ρ (DµDν lLpi)
)

C[2],[2]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δi2
i4
δi3

i5

Y [ p r , s t ]CLλρ
νµ
(
l̄L

i
sγ

ρ (DµlLpi)
) (
l̄L

j
tγ

λ (Dν lLrj)
)

C[2],[2]
f2f3,f4f5

[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi2
i4
δi3

i5

Y [ p r , s t ]CLλ
ν

ρ
µ
(
l̄L

i
sγ

ρ (DµlLpi)
) (
l̄L

j
tγ

λ (Dν lLrj)
)
C[2],[2]

f2f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩δi2

i4
δi3

i5

Y
[

p r , s
t

]
CLλ

ν
ρ

µ
(
l̄L

j
tγ

λlLrj

) (
l̄L

i
sγ

ρ (DµDν lLpi)
)

C[2],[1,1]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δi2
i4
δi3

i5

Y
[

p
r , s t

]
CLλ

ν
ρ

µ
(
l̄L

j
tγ

λlLrj

) (
l̄L

i
sγ

ρ (DµDν lLpi)
)

C[1,1],[2]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δi2
i4
δi3

i5

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
l̄L

j
tγ

λlLrj

) (
l̄L

i
sγ

ρ (DµDν lLpi)
)

C[1,1],[1,1]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δi2
i4
δi3

i5

Y
[

p
r ,

s
t

]
CLλρ

νµ
(
l̄L

i
sγ

ρ (DµlLpi)
) (
l̄L

j
tγ

λ (Dν lLrj)
)

C[1,1],[1,1]
f2f3,f4f5

[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi2
i4
δi3

i5

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
l̄L

i
sγ

ρ (DµlLpi)
) (
l̄L

j
tγ

λ (Dν lLrj)
)

C[1,1],[1,1]
f2f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩δi2
i4
δi3

i5

(4.282)

O(1∼4)
CLd̄RdRēReRD2

CLλ
ν

ρ
µ
(
ēRrγ

λeRt

) ((
DµDν d̄R

a
p

)
γρdRsa

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a2

CLλρ
νµ
((
Dµd̄R

a
p

)
γρdRsa

) (
(Dν ēRr) γλeRt

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2

CLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρdRsa

) (
(Dν ēRr) γλeRt

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρdRsa

) (
(DµDν ēRr) γλeRt

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4

a2

(4.283)

O(1∼4)
CLēReRūRuRD2

CLλ
ν

ρ
µ
(
ūR

a
rγ

λuRta

)
((DµDν ēRp) γρeRs) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa5

a3

CLλρ
νµ ((DµēRp) γρeRs)

(
(Dν ūR

a
r) γλuRta

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa5

a3

CLλ
ν

ρ
µ ((DµēRp) γρeRs)

(
(Dν ūR

a
r) γλuRta

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa5

a3

CLλ
ν

ρ
µ (ēRpγ

ρeRs)
(
(DµDν ūR

a
r) γλuRta

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa5

a3

(4.284)

O(1∼8)
CLd̄2

Rd2
RD2

Y [ p r , s t ]CLλ
ν

ρ
µ
(
d̄R

b
rγ

λdRtb

) ((
DµDν d̄R

a
p

)
γρdRsa

)
C[2],[2]

f2f3,f4f5
[34][35]⟨12⟩⟨13⟩3δa4

a2δ
a5
a3

Y [ p r , s t ]CLλρ
νµ
((
Dµd̄R

a
p

)
γρdRsa

) ((
Dν d̄R

b
r

)
γλdRtb

)
C[2],[2]

f2f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2δ
a5
a3

Y [ p r , s t ]CLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρdRsa

) ((
Dν d̄R

b
r

)
γλdRtb

)
C[2],[2]

f2f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2δ
a5
a3

Y
[

p r , s
t

]
CLλ

ν
ρ

µ
(
d̄R

b
rγ

λdRtb

) ((
DµDν d̄R

a
p

)
γρdRsa

)
C[2],[1,1]

f2f3,f4f5
[34][35]⟨12⟩⟨13⟩3δa4

a2δ
a5
a3

Y
[

p
r , s t

]
CLλ

ν
ρ

µ
(
d̄R

b
rγ

λdRtb

) ((
DµDν d̄R

a
p

)
γρdRsa

)
C[1,1],[2]

f2f3,f4f5
[34][35]⟨12⟩⟨13⟩3δa4

a2δ
a5
a3

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
d̄R

b
rγ

λdRtb

) ((
DµDν d̄R

a
p

)
γρdRsa

)
C[1,1],[1,1]

f2f3,f4f5
[34][35]⟨12⟩⟨13⟩3δa4

a2δ
a5
a3

Y
[

p
r ,

s
t

]
CLλρ

νµ
((
Dµd̄R

a
p

)
γρdRsa

) ((
Dν d̄R

b
r

)
γλdRtb

)
C[1,1],[1,1]

f2f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2δ
a5
a3

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
((
Dµd̄R

a
p

)
γρdRsa

) ((
Dν d̄R

b
r

)
γλdRtb

)
C[1,1],[1,1]

f2f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2δ
a5
a3

(4.285)

O(1∼8)
CLd̄RdRūRuRD2

CLλ
ν

ρ
µ
(
ūR

b
rγ

λuRtb

) ((
DµDν d̄R

a
p

)
γρdRsa

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a2δ
a5
a3

CLλρ
νµ
((
Dµd̄R

a
p

)
γρdRsa

) ((
Dν ūR

b
r

)
γλuRtb

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2δ
a5
a3

CLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρdRsa

) ((
Dν ūR

b
r

)
γλuRtb

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2δ
a5
a3

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρdRsa

) ((
DµDν ūR

b
r

)
γλuRtb

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4

a2δ
a5
a3

CLλ
ν

ρ
µ
(
ūR

b
rγ

λuRta

) ((
DµDν d̄R

a
p

)
γρdRsb

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa5

a2δ
a4
a3

CLλρ
νµ
((
Dµd̄R

a
p

)
γρdRsb

) ((
Dν ūR

b
r

)
γλuRta

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa5

a2δ
a4
a3

CLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρdRsb

) ((
Dν ūR

b
r

)
γλuRta

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa5

a2δ
a4
a3

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρdRsb

) ((
DµDν ūR

b
r

)
γλuRta

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa5

a2δ
a4
a3
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O(1∼8)
CLū2

Ru2
RD2

Y [ p r , s t ]CLλ
ν

ρ
µ
(
ūR

b
rγ

λuRtb

) ((
DµDν ūR

a
p

)
γρuRsa

)
C[2],[2]

f2f3,f4f5
[34][35]⟨12⟩⟨13⟩3δa4

a2δ
a5
a3

Y [ p r , s t ]CLλρ
νµ
((
DµūR

a
p

)
γρuRsa

) ((
Dν ūR

b
r

)
γλuRtb

)
C[2],[2]

f2f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2δ
a5
a3

Y [ p r , s t ]CLλ
ν

ρ
µ
((
DµūR

a
p

)
γρuRsa

) ((
Dν ūR

b
r

)
γλuRtb

)
C[2],[2]

f2f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2δ
a5
a3

Y
[

p r , s
t

]
CLλ

ν
ρ

µ
(
ūR

b
rγ

λuRtb

) ((
DµDν ūR

a
p

)
γρuRsa

)
C[2],[1,1]

f2f3,f4f5
[34][35]⟨12⟩⟨13⟩3δa4

a2δ
a5
a3

Y
[

p
r , s t

]
CLλ

ν
ρ

µ
(
ūR

b
rγ

λuRtb

) ((
DµDν ūR

a
p

)
γρuRsa

)
C[1,1],[2]

f2f3,f4f5
[34][35]⟨12⟩⟨13⟩3δa4

a2δ
a5
a3

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
ūR

b
rγ

λuRtb

) ((
DµDν ūR

a
p

)
γρuRsa

)
C[1,1],[1,1]

f2f3,f4f5
[34][35]⟨12⟩⟨13⟩3δa4

a2δ
a5
a3

Y
[

p
r ,

s
t

]
CLλρ

νµ
((
DµūR

a
p

)
γρuRsa

) ((
Dν ūR

b
r

)
γλuRtb

)
C[1,1],[1,1]

f2f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2δ
a5
a3

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
((
DµūR

a
p

)
γρuRsa

) ((
Dν ūR

b
r

)
γλuRtb

)
C[1,1],[1,1]

f2f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2δ
a5
a3

(4.287)

O(1∼4)
CLēRq̄2ūRD2

Y [ r s ] ϵabcϵijCLλρ
νµ
(
(DµēRp) γρCq̄L

bi
s

) (
(Dν ūR

a
r) γλCq̄L

cj
t

)
C[2]

f2,f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵi4i5ϵa3a4a5

Y
[

r
s

]
ϵabcϵijCLλ

ν
ρ

µ
(
ūR

a
rγ

λCq̄L
cj
t

) (
(DµDν ēRp) γρCq̄L

bi
s

)
C[1,1]

f2,f3,f4f5
[34][35]⟨12⟩⟨13⟩3ϵi4i5ϵa3a4a5

Y
[

r
s

]
ϵabcϵijCLλ

ν
ρ

µ
(
(DµēRp) γρCq̄L

bi
s

) (
(Dν ūR

a
r) γλCq̄L

cj
t

)
C[1,1]

f2,f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵi4i5ϵa3a4a5

Y
[

r
s

]
ϵabcϵijCLλ

ν
ρ

µ
(
ēRpγ

ρCq̄L
bi
s

) (
(DµDν ūR

a
r) γλCq̄L

cj
t

)
C[1,1]

f2,f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵi4i5ϵa3a4a5

(4.288)

O(1∼4)
CLd̄R l̄q̄ūRD2

ϵabcϵijCLλ
ν

ρ
µ
(
ūR

b
rγ

λCq̄L
cj
t

) ((
DµDν d̄R

a
p

)
γρCl̄L

i
s

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3ϵi4i5ϵa2a3a5

ϵabcϵijCLλρ
νµ
((
Dµd̄R

a
p

)
γρCl̄L

i
s

) ((
Dν ūR

b
r

)
γλCq̄L

cj
t

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵi4i5ϵa2a3a5

ϵabcϵijCLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρCl̄L

i
s

) ((
Dν ūR

b
r

)
γλCq̄L

cj
t

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩ϵi4i5ϵa2a3a5

ϵabcϵijCLλ
ν

ρ
µ
(
d̄R

a
pγ

ρCl̄L
i
s

) ((
DµDν ūR

b
r

)
γλCq̄L

cj
t

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩ϵi4i5ϵa2a3a5

(4.289)

O(1∼4)
CLdRlquRD2

ϵabcϵijCLλ
ν

ρ
µ
(
qLrajCγ

λuRtc

)
((DµDν lLpi)CγρdRsb) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3ϵi2i3ϵa3a4a5

ϵabcϵijCLλρ
νµ ((DµlLpi)CγρdRsb)

(
(DνqLraj)CγλuRtc

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵi2i3ϵa3a4a5

ϵabcϵijCLλ
ν

ρ
µ ((DµlLpi)CγρdRsb)

(
(DνqLraj)CγλuRtc

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩ϵi2i3ϵa3a4a5

ϵabcϵijCLλ
ν

ρ
µ (lLpiCγ

ρdRsb)
(
(DµDνqLraj)CγλuRtc

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩ϵi2i3ϵa3a4a5

(4.290)

O(1∼4)
CLeRq2uRD2

Y [ r s ] ϵabcϵijCLλ
ν

ρ
µ
(
qLrbjCγ

λuRtc

)
((DµDνqLpai)CγρeRs) C[2]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3ϵi2i3ϵa2a3a5

Y [ r s ] ϵabcϵijCLλρ
νµ ((DµqLpai)CγρeRs)

(
(DνqLrbj)CγλuRtc

)
C[2]

f2f3,f4,f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵi2i3ϵa2a3a5

Y
[

r
s

]
ϵabcϵijCLλ

ν
ρ

µ
(
qLrbjCγ

λuRtc

)
((DµDνqLpai)CγρeRs) C[1,1]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3ϵi2i3ϵa2a3a5

Y
[

r
s

]
ϵabcϵijCLλ

ν
ρ

µ ((DµqLpai)CγρeRs)
(
(DνqLrbj)CγλuRtc

)
C[1,1]

f2f3,f4,f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵi2i3ϵa2a3a5

(4.291)

O(1∼8)
CLll̄qq̄D2

CLλ
ν

ρ
µ
(
q̄L

aj
t γ

λqLraj

) (
l̄L

i
sγ

ρ (DµDν lLpi)
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δi2
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δi3
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a5

CLλρ
νµ
(
l̄L

i
sγ

ρ (DµlLpi)
) (
q̄L

aj
t γ

λ (DνqLraj)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
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i4
δi3

i5
δa3
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CLλ
ν

ρ
µ
(
l̄L

i
sγ

ρ (DµlLpi)
) (
q̄L

aj
t γ

λ (DνqLraj)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δi2

i4
δi3

i5
δa3

a5

CLλ
ν

ρ
µ
(
l̄L

i
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ρlLpi

) (
q̄L

aj
t γ

λ (DµDνqLraj)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δi2
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δi3
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δa3
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CLλ
ν

ρ
µ
(
q̄L

ai
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)
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δi3

i4
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CLλρ
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(
l̄L

j
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) (
q̄L
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CLλ
ν

ρ
µ
(
l̄L

j
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ρ (DµlLpi)
) (
q̄L
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t γ

λ (DνqLraj)
)

Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δi2
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δi3

i4
δa3
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CLλ
ν

ρ
µ
(
l̄L

j
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q̄L

ai
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)
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δi3

i4
δa3

a5
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O(1∼8)
CLd̄RdRqq̄D2
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bi
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ρ
µ
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CLλ
ν

ρ
µ
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a
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(4.293)

O(1∼8)
CLqq̄ūRuRD2

CLλ
ν

ρ
µ
(
ūR

a
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λuRtc
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q̄L

ci
s γ

ρ (DµDνqLpai)
)
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a4

CLλ
ν

ρ
µ
(
q̄L

ci
s γ

ρ (DµqLpai)
) (

(Dν ūR
a
r) γλuRtc

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δi2

i4
δa2

a3δ
a5
a4

CLλ
ν

ρ
µ
(
q̄L

ci
s γ

ρqLpai
) (

(DµDν ūR
a
r) γλuRtc

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δi2

i4
δa2

a3δ
a5
a4

CLλ
ν

ρ
µ
(
ūR

b
rγ

λuRtb

) (
q̄L

ai
s γ

ρ (DµDνqLpai)
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δi2
i4
δa2

a4δ
a5
a3

CLλρ
νµ
(
q̄L

ai
s γ

ρ (DµqLpai)
) ((

Dν ūR
b
r

)
γλuRtb

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i2
i4
δa2

a4δ
a5
a3

CLλ
ν

ρ
µ
(
q̄L

ai
s γ

ρ (DµqLpai)
) ((

Dν ūR
b
r

)
γλuRtb

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δi2

i4
δa2

a4δ
a5
a3

CLλ
ν

ρ
µ
(
q̄L

ai
s γ

ρqLpai
) ((

DµDν ūR
b
r

)
γλuRtb

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δi2

i4
δa2

a4δ
a5
a3

(4.294)

O(1∼16)
CLq2q̄2D2

Y [ p r , s t ]CLλ
ν

ρ
µ
(
q̄L

bj
t γ

λqLrbj

) (
q̄L

ai
s γ

ρ (DµDνqLpai)
)

C[2],[2]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δi2
i4
δi3

i5
δa2

a4δ
a3
a5

Y [ p r , s t ]CLλρ
νµ
(
q̄L

ai
s γ

ρ (DµqLpai)
) (
q̄L

bj
t γ

λ (DνqLrbj)
)

C[2],[2]
f2f3,f4f5

[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi2
i4
δi3

i5
δa2

a4δ
a3
a5

Y [ p r , s t ]CLλ
ν

ρ
µ
(
q̄L

ai
s γ

ρ (DµqLpai)
) (
q̄L

bj
t γ

λ (DνqLrbj)
)
C[2],[2]

f2f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩δi2

i4
δi3

i5
δa2

a4δ
a3
a5

Y [ p r , s t ]CLλ
ν

ρ
µ
(
q̄L

bi
t γ

λqLrbj

) (
q̄L

aj
s γ

ρ (DµDνqLpai)
)

C[2],[2]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δi2
i5
δi3

i4
δa2

a4δ
a3
a5

Y [ p r , s t ]CLλρ
νµ
(
q̄L

aj
s γ

ρ (DµqLpai)
) (
q̄L

bi
t γ

λ (DνqLrbj)
)

C[2],[2]
f2f3,f4f5

[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi2
i5
δi3

i4
δa2

a4δ
a3
a5

Y [ p r , s t ]CLλ
ν

ρ
µ
(
q̄L

aj
s γ

ρ (DµqLpai)
) (
q̄L

bi
t γ

λ (DνqLrbj)
)
C[2],[2]

f2f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩δi2

i5
δi3

i4
δa2

a4δ
a3
a5

Y
[

p r , s
t

]
CLλ

ν
ρ

µ
(
q̄L

bj
t γ

λqLrbj

) (
q̄L

ai
s γ

ρ (DµDνqLpai)
)

C[2],[1,1]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δi2
i4
δi3

i5
δa2

a4δ
a3
a5

Y
[

p r , s
t

]
CLλ

ν
ρ

µ
(
q̄L

bi
t γ

λqLrbj

) (
q̄L

aj
s γ

ρ (DµDνqLpai)
)

C[2],[1,1]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δi2
i5
δi3

i4
δa2

a4δ
a3
a5

Y
[

p
r , s t

]
CLλ

ν
ρ

µ
(
q̄L

bj
t γ

λqLrbj

) (
q̄L

ai
s γ

ρ (DµDνqLpai)
)

C[1,1],[2]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δi2
i4
δi3

i5
δa2

a4δ
a3
a5

Y
[

p
r , s t

]
CLλ

ν
ρ

µ
(
q̄L

bi
t γ

λqLrbj

) (
q̄L

aj
s γ

ρ (DµDνqLpai)
)

C[1,1],[2]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δi2
i5
δi3

i4
δa2

a4δ
a3
a5

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
q̄L

bj
t γ

λqLrbj

) (
q̄L

ai
s γ

ρ (DµDνqLpai)
)

C[1,1],[1,1]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δi2
i4
δi3

i5
δa2

a4δ
a3
a5

Y
[

p
r ,

s
t

]
CLλρ

νµ
(
q̄L

ai
s γ

ρ (DµqLpai)
) (
q̄L

bj
t γ

λ (DνqLrbj)
)

C[1,1],[1,1]
f2f3,f4f5

[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi2
i4
δi3

i5
δa2

a4δ
a3
a5

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
q̄L

ai
s γ

ρ (DµqLpai)
) (
q̄L

bj
t γ

λ (DνqLrbj)
)

C[1,1],[1,1]
f2f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩δi2
i4
δi3

i5
δa2

a4δ
a3
a5

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
q̄L

bi
t γ

λqLrbj

) (
q̄L

aj
s γ

ρ (DµDνqLpai)
)

C[1,1],[1,1]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δi2
i5
δi3

i4
δa2

a4δ
a3
a5

Y
[

p
r ,

s
t

]
CLλρ

νµ
(
q̄L

aj
s γ

ρ (DµqLpai)
) (
q̄L

bi
t γ

λ (DνqLrbj)
)

C[1,1],[1,1]
f2f3,f4f5

[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi2
i5
δi3

i4
δa2

a4δ
a3
a5

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
q̄L

aj
s γ

ρ (DµqLpai)
) (
q̄L

bi
t γ

λ (DνqLrbj)
)

C[1,1],[1,1]
f2f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩δi2
i5
δi3

i4
δa2

a4δ
a3
a5

(4.295)

Class CLFLFRϕ
2D2: 5 types

O(1∼3)
CLBLBRHH†D2

HiH
†iBηλ

R CLλ
ν

ρ
µ (DµDνBLη

ρ) [45]2⟨12⟩2⟨14⟩2δi3
i4

H†iBηλ
R CLλ

ν
ρ

µ (DνHi) (DµBLη
ρ) [35]2⟨12⟩2⟨13⟩2δi3

i4

H†iBηλ
R BLη

ρCLλ
ν

ρ
µ (DµDνHi) [35][45]⟨12⟩2⟨13⟩⟨14⟩δi3

i4

(4.296)

– 47 –



J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

O(1∼3)
CLBLWRHH†D2

τ I i
jHiH

†jW I
R

ηλCLλ
ν

ρ
µ (DµDνBLη

ρ) [45]2⟨12⟩2⟨14⟩2
(
τ I5
)i3

i4

τ I i
jH

†jW I
R

ηλCLλ
ν

ρ
µ (DνHi) (DµBLη

ρ) [35]2⟨12⟩2⟨13⟩2
(
τ I5
)i3

i4

τ I i
jH

†jW I
R

ηλBLη
ρCLλ

ν
ρ

µ (DµDνHi) [35][45]⟨12⟩2⟨13⟩⟨14⟩
(
τ I5
)i3

i4

(4.297)

O(1∼3)
CLBRWLHH†D2

τ I i
jHiH

†jBηλ
R CLλ

ν
ρ

µ
(
DµDνW

I
Lη

ρ
)

[45]2⟨12⟩2⟨14⟩2
(
τ I2
)i3

i4

τ I i
jH

†jBηλ
R CLλ

ν
ρ

µ (DνHi)
(
DµW

I
Lη

ρ
)
[35]2⟨12⟩2⟨13⟩2

(
τ I2
)i3

i4

τ I i
jH

†jBηλ
R W I

Lη
ρCLλ

ν
ρ

µ (DµDνHi) [35][45]⟨12⟩2⟨13⟩⟨14⟩
(
τ I2
)i3

i4

(4.298)

O(1∼6)
CLWLWRHH†D2

τKi
jϵ

IJKHiH
†jW J

R
ηλCLλ

ν
ρ

µ
(
DµDνW

I
Lη

ρ
)

[45]2⟨12⟩2⟨14⟩2ϵI2I5K
(
τK
)i3

i4

τKi
jϵ

IJKH†jW J
R

ηλCLλ
ν

ρ
µ (DνHi)

(
DµW

I
Lη

ρ
)
[35]2⟨12⟩2⟨13⟩2ϵI2I5K

(
τK
)i3

i4

τKi
jϵ

IJKH†jW J
R

ηλW I
Lη

ρCLλ
ν

ρ
µ (DµDνHi) [35][45]⟨12⟩2⟨13⟩⟨14⟩ϵI2I5K

(
τK
)i3

i4

HiH
†iW I

R
ηλCLλ

ν
ρ

µ
(
DµDνW

I
Lη

ρ
)

[45]2⟨12⟩2⟨14⟩2δi3
i4
δI5I2

H†iW I
R

ηλCLλ
ν

ρ
µ (DνHi)

(
DµW

I
Lη

ρ
)

[35]2⟨12⟩2⟨13⟩2δi3
i4
δI5I2

H†iW I
R

ηλW I
Lη

ρCLλ
ν

ρ
µ (DµDνHi) [35][45]⟨12⟩2⟨13⟩⟨14⟩δi3

i4
δI5I2

(4.299)

O(1∼3)
CLGLGRHH†D2

HiH
†iGA

R
ηλCLλ

ν
ρ

µ
(
DµDνG

A
L η

ρ
)

[45]2⟨12⟩2⟨14⟩2δi3
i4
δA2A5

H†iGA
R

ηλCLλ
ν

ρ
µ (DνHi)

(
DµG

A
L η

ρ
)
[35]2⟨12⟩2⟨13⟩2δi3

i4
δA2A5

H†iGA
R

ηλGA
L η

ρCLλ
ν

ρ
µ (DµDνHi) [35][45]⟨12⟩2⟨13⟩⟨14⟩δi3

i4
δA2A5

(4.300)

Class CLFLψ̄
2ϕD2: 8 types

O(1∼4)
CLBLq̄uRH†D2

(
q̄L

aj
p uRra

)
ϵijCLλρ

νµ
(
DνH

†i
) (
DµB

λρ
L

)
Cf4,f5 [45]2⟨12⟩2⟨14⟩⟨15⟩δa5

a4 ϵi3i4

ϵijH
†iCLλρ

νµ
(
DµB

λρ
L

) ((
Dν q̄L

aj
p

)
uRra

)
Cf4,f5 [34][35]⟨12⟩2⟨13⟩2δa5

a4 ϵi3i4

ϵijB
λρ
L CLλρ

νµ
(
DµH

†i
) ((

Dν q̄L
aj
p

)
uRra

)
Cf4,f5 [35][45]⟨12⟩2⟨13⟩⟨15⟩δa5

a4 ϵi3i4

ϵijH
†iCLλ

ν
ρ

µ (DµDνBLη
ρ)
(
q̄L

aj
p σ

ηλuRra

)
Cf4,f5 [34][45]⟨12⟩2⟨13⟩⟨14⟩δa5

a4 ϵi3i4

(4.301)

O(1∼4)
CLBLeR l̄HD2

(
l̄L

i
reRp

)
CLλρ

νµ (DνHi)
(
DµB

λρ
L

)
Cf4,f5 [45]2⟨12⟩2⟨14⟩⟨15⟩δi3

i5

HiCLλρ
νµ
(
DµB

λρ
L

) (
l̄L

i
r (DνeRp)

)
Cf4,f5 [34][35]⟨12⟩2⟨13⟩2δi3

i5

Bλρ
L CLλρ

νµ (DµHi)
(
l̄L

i
r (DνeRp)

)
Cf4,f5 [35][45]⟨12⟩2⟨13⟩⟨15⟩δi3

i5

HiCLλ
ν

ρ
µ (DµDνBLη

ρ)
(
l̄L

i
rσ

ηλeRp

)
Cf4,f5 [34][45]⟨12⟩2⟨13⟩⟨14⟩δi3

i5

(4.302)

O(1∼4)
CLBLdRq̄HD2

(
q̄L

ai
r dRpa

)
CLλρ

νµ (DνHi)
(
DµB

λρ
L

)
Cf4,f5 [45]2⟨12⟩2⟨14⟩⟨15⟩δi3

i5
δa4

a5

HiCLλρ
νµ
(
DµB

λρ
L

) (
q̄L

ai
r (DνdRpa)

)
Cf4,f5 [34][35]⟨12⟩2⟨13⟩2δi3

i5
δa4

a5

Bλρ
L CLλρ

νµ (DµHi)
(
q̄L

ai
r (DνdRpa)

)
Cf4,f5 [35][45]⟨12⟩2⟨13⟩⟨15⟩δi3

i5
δa4

a5

HiCLλ
ν

ρ
µ (DµDνBLη

ρ)
(
q̄L

ai
r σ

ηλdRpa

)
Cf4,f5 [34][45]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δa4

a5

(4.303)

– 48 –



J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

O(1∼4)
CLWLq̄uRH†D2

(
q̄L

aj
p uRra

)
τ I k

i ϵjkCLλρ
νµ
(
DνH

†i
) (
DµW

I
L

λρ
)

Cf4,f5 [45]2⟨12⟩2⟨14⟩⟨15⟩δa5
a4 ϵi4k

(
τ I2
)k

i3

τ I k
i ϵjkH

†iCLλρ
νµ
(
DµW

I
L

λρ
) ((

Dν q̄L
aj
p

)
uRra

)
Cf4,f5 [34][35]⟨12⟩2⟨13⟩2δa5

a4 ϵi4k
(
τ I2
)k

i3

τ I k
i ϵjkW

I
L

λρCLλρ
νµ
(
DµH

†i
) ((

Dν q̄L
aj
p

)
uRra

)
Cf4,f5 [35][45]⟨12⟩2⟨13⟩⟨15⟩δa5

a4 ϵi4k
(
τ I2
)k

i3

τ I k
i ϵjkH

†iCLλ
ν

ρ
µ
(
DµDνW

I
Lη

ρ
) (
q̄L

aj
p σ

ηλuRra

)
Cf4,f5 [34][45]⟨12⟩2⟨13⟩⟨14⟩δa5

a4 ϵi4k
(
τ I2
)k

i3

(4.304)

O(1∼4)
CLWLeR l̄HD2

(
l̄L

j
reRp

)
τ I i

jCLλρ
νµ (DνHi)

(
DµW

I
L

λρ
)

Cf4,f5 [45]2⟨12⟩2⟨14⟩⟨15⟩
(
τ I2
)i3

i5

τ I i
jHiCLλρ

νµ
(
DµW

I
L

λρ
) (
l̄L

j
r (DνeRp)

)
Cf4,f5 [34][35]⟨12⟩2⟨13⟩2

(
τ I2
)i3

i5

τ I i
jW

I
L

λρCLλρ
νµ (DµHi)

(
l̄L

j
r (DνeRp)

)
Cf4,f5 [35][45]⟨12⟩2⟨13⟩⟨15⟩

(
τ I2
)i3

i5

τ I i
jHiCLλ

ν
ρ

µ
(
DµDνW

I
Lη

ρ
) (
l̄L

j
rσ

ηλeRp

)
Cf4,f5 [34][45]⟨12⟩2⟨13⟩⟨14⟩

(
τ I2
)i3

i5

(4.305)

O(1∼4)
CLWLdRq̄HD2

(
q̄L

aj
r dRpa

)
τ I i

jCLλρ
νµ (DνHi)

(
DµW

I
L

λρ
)

Cf4,f5 [45]2⟨12⟩2⟨14⟩⟨15⟩δa4
a5

(
τ I2
)i3

i5

τ I i
jHiCLλρ

νµ
(
DµW

I
L

λρ
) (
q̄L

aj
r (DνdRpa)

)
Cf4,f5 [34][35]⟨12⟩2⟨13⟩2δa4

a5

(
τ I2
)i3

i5

τ I i
jW

I
L

λρCLλρ
νµ (DµHi)

(
q̄L

aj
r (DνdRpa)

)
Cf4,f5 [35][45]⟨12⟩2⟨13⟩⟨15⟩δa4

a5

(
τ I2
)i3

i5

τ I i
jHiCLλ

ν
ρ

µ
(
DµDνW

I
Lη

ρ
) (
q̄L

aj
r σ

ηλdRpa

)
Cf4,f5 [34][45]⟨12⟩2⟨13⟩⟨14⟩δa4

a5

(
τ I2
)i3

i5

(4.306)

O(1∼4)
CLGLq̄uRH†D2

(
q̄L

aj
p uRrb

)
λAb

aϵijCLλρ
νµ
(
DνH

†i
) (
DµG

A
L

λρ
)

Cf4,f5 [45]2⟨12⟩2⟨14⟩⟨15⟩ϵi3i4

(
λA2

)a5

a4

λAb
aϵijH

†iCLλρ
νµ
(
DµG

A
L

λρ
) ((

Dν q̄L
aj
p

)
uRrb

)
Cf4,f5 [34][35]⟨12⟩2⟨13⟩2ϵi3i4

(
λA2

)a5

a4

λAb
aϵijG

A
L

λρCLλρ
νµ
(
DµH

†i
) ((

Dν q̄L
aj
p

)
uRrb

)
Cf4,f5 [35][45]⟨12⟩2⟨13⟩⟨15⟩ϵi3i4

(
λA2

)a5

a4

λAb
aϵijH

†iCLλ
ν

ρ
µ
(
DµDνG

A
L η

ρ
) (
q̄L

aj
p σ

ηλuRrb

)
Cf4,f5 [34][45]⟨12⟩2⟨13⟩⟨14⟩ϵi3i4

(
λA2

)a5

a4

(4.307)

O(1∼4)
CLGLdRq̄HD2

(
q̄L

bi
r dRpa

)
λAa

bCLλρ
νµ (DνHi)

(
DµG

A
L

λρ
)

Cf4,f5 [45]2⟨12⟩2⟨14⟩⟨15⟩δi3
i5

(
λA2

)a4

a5

λAa
bHiCLλρ

νµ
(
DµG

A
L

λρ
) (
q̄L

bi
r (DνdRpa)

)
Cf4,f5 [34][35]⟨12⟩2⟨13⟩2δi3

i5

(
λA2

)a4

a5

λAa
bG

A
L

λρCLλρ
νµ (DµHi)

(
q̄L

bi
r (DνdRpa)

)
Cf4,f5 [35][45]⟨12⟩2⟨13⟩⟨15⟩δi3

i5

(
λA2

)a4

a5

λAa
bHiCLλ

ν
ρ

µ
(
DµDνG

A
L η

ρ
) (
q̄L

bi
r σ

ηλdRpa

)
Cf4,f5 [34][45]⟨12⟩2⟨13⟩⟨14⟩δi3

i5

(
λA2

)a4

a5

(4.308)

Class CL
2FRϕ

2D2: 2 types

OCL2BRHH†D2 H†iBξλ
R CLξ

ηρµ (DνHi) (DµCLλρη
ν) [35][45]⟨12⟩4⟨34⟩δi3

i4
(4.309)

OCL2WRHH†D2 τ I i
jH

†jW I
R

ξλCLξ
ηρµ (DνHi) (DµCLλρη

ν) [35][45]⟨12⟩4⟨34⟩
(
τ I5
)i3

i4
(4.310)

Class CL
2ψ̄2ϕD2: 3 types

O(1∼3)
CL2q̄uRH†D2

(
q̄L

aj
p uRra

)
ϵijH

†i (DµCLνλρη)
(
DµCνλρη

L

)
Cf4,f5 [45]s45⟨12⟩4δa5

a4 ϵi3i4(
q̄L

aj
p uRra

)
ϵijC

νλρη
L (DµCLνλρη)

(
DµH†i

)
Cf4,f5 [45]s35⟨12⟩4δa5

a4 ϵi3i4

ϵijH
†iCνλρη

L (DµCLνλρη)
((
Dµq̄L

aj
p

)
uRra

)
Cf4,f5 [45]s34⟨12⟩4δa5

a4 ϵi3i4

(4.311)
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O(1∼3)
CL2eR l̄HD2

(
l̄L

i
reRp

)
Hi (DµCLνλρη)

(
DµCνλρη

L

)
Cf4,f5 [45]s45⟨12⟩4δi3

i5(
l̄L

i
reRp

)
Cνλρη

L (DµCLνλρη) (DµHi) Cf4,f5 [45]s35⟨12⟩4δi3
i5

HiC
νλρη
L (DµCLνλρη)

(
l̄L

i
r (DµeRp)

)
Cf4,f5 [45]s34⟨12⟩4δi3

i5

(4.312)

O(1∼3)
CL2dRq̄HD2

(
q̄L

ai
r dRpa

)
Hi (DµCLνλρη)

(
DµCνλρη

L

)
Cf4,f5 [45]s45⟨12⟩4δi3

i5
δa4

a5(
q̄L

ai
r dRpa

)
Cνλρη

L (DµCLνλρη) (DµHi) Cf4,f5 [45]s35⟨12⟩4δi3
i5
δa4

a5

HiC
νλρη
L (DµCLνλρη)

(
q̄L

ai
r (DµdRpa)

)
Cf4,f5 [45]s34⟨12⟩4δi3

i5
δa4

a5

(4.313)

Class CLψψ̄ϕ
2D3: 7 types

O(1∼5)
CLēReRHH†D3

H†iCLρ
νλµ (DλHi) ((DµDν ēRp) γρeRr) Cf2,f5 [45]2⟨12⟩⟨14⟩2⟨15⟩δi3

i4

H†iCLρ
λνµ (DλDνHi) ((DµēRp) γρeRr) Cf2,f5 [35]2⟨12⟩⟨13⟩2⟨15⟩δi3

i4

HiCLρ
νλµ

(
DλH

†i
)
((DµDν ēRp) γρeRr) Cf2,f5 [34][35]⟨12⟩⟨13⟩2⟨14⟩δi3

i4

CLρ
νλµ (DνHi)

(
DλH

†i
)
((DµēRp) γρeRr) Cf2,f5 [34][45]⟨12⟩⟨13⟩⟨14⟩2δi3

i4

CLρ
νλµ

(
DλH

†i
)
(DµDνHi) (ēRpγ

ρeRr) Cf2,f5 [35][45]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i3
i4

(4.314)

O(1∼10)
CLll̄HH†D3

H†iCLρ
νλµ (DλHj)

(
l̄L

j
rγ

ρ (DµDν lLpi)
)

Cf2,f5 [45]2⟨12⟩⟨14⟩2⟨15⟩δi2
i4
δi3

i5

H†iCLρ
λνµ (DλDνHj)

(
l̄L

j
rγ

ρ (DµlLpi)
)

Cf2,f5 [35]2⟨12⟩⟨13⟩2⟨15⟩δi2
i4
δi3

i5

HjCLρ
νλµ

(
DλH

†i
) (
l̄L

j
rγ

ρ (DµDν lLpi)
)

Cf2,f5 [34][35]⟨12⟩⟨13⟩2⟨14⟩δi2
i4
δi3

i5

CLρ
νλµ (DνHj)

(
DλH

†i
) (
l̄L

j
rγ

ρ (DµlLpi)
)

Cf2,f5 [34][45]⟨12⟩⟨13⟩⟨14⟩2δi2
i4
δi3

i5

CLρ
νλµ

(
DλH

†i
)
(DµDνHj)

(
l̄L

j
rγ

ρlLpi

)
Cf2,f5 [35][45]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i2
i4
δi3

i5

H†jCLρ
νλµ (DλHj)

(
l̄L

i
rγ

ρ (DµDν lLpi)
)

Cf2,f5 [45]2⟨12⟩⟨14⟩2⟨15⟩δi2
i5
δi3

i4

H†jCLρ
λνµ (DλDνHj)

(
l̄L

i
rγ

ρ (DµlLpi)
)

Cf2,f5 [35]2⟨12⟩⟨13⟩2⟨15⟩δi2
i5
δi3

i4

HjCLρ
νλµ

(
DλH

†j
) (
l̄L

i
rγ

ρ (DµDν lLpi)
)

Cf2,f5 [34][35]⟨12⟩⟨13⟩2⟨14⟩δi2
i5
δi3

i4

CLρ
νλµ (DνHj)

(
DλH

†j
) (
l̄L

i
rγ

ρ (DµlLpi)
)
Cf2,f5 [34][45]⟨12⟩⟨13⟩⟨14⟩2δi2

i5
δi3

i4

CLρ
νλµ

(
DλH

†j
)
(DµDνHj)

(
l̄L

i
rγ

ρlLpi

)
Cf2,f5 [35][45]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i2
i5
δi3

i4

(4.315)

O(1,2)
CLd̄RuRH†2D3

ϵijH
†jCLρ

νλµ
(
DλH

†i
) ((

DµDν d̄R
a
p

)
γρuRra

)
Cf2,f5 [45]2⟨12⟩⟨14⟩2⟨15⟩δa5

a2 ϵi3i4

ϵijH
†jCLρ

λνµ
(
DλDνH

†i
) ((

Dµd̄R
a
p

)
γρuRra

)
Cf2,f5 [34][35]⟨12⟩⟨13⟩2⟨14⟩δa5

a2 ϵi3i4

(4.316)

O(1∼5)
CLd̄RdRHH†D3

H†iCLρ
νλµ (DλHi)

((
DµDν d̄R

a
p

)
γρdRra

)
Cf2,f5 [45]2⟨12⟩⟨14⟩2⟨15⟩δi3

i4
δa5

a2

H†iCLρ
λνµ (DλDνHi)

((
Dµd̄R

a
p

)
γρdRra

)
Cf2,f5 [35]2⟨12⟩⟨13⟩2⟨15⟩δi3

i4
δa5

a2

HiCLρ
νλµ

(
DλH

†i
) ((

DµDν d̄R
a
p

)
γρdRra

)
Cf2,f5 [34][35]⟨12⟩⟨13⟩2⟨14⟩δi3

i4
δa5

a2

CLρ
νλµ (DνHi)

(
DλH

†i
) ((

Dµd̄R
a
p

)
γρdRra

)
Cf2,f5 [34][45]⟨12⟩⟨13⟩⟨14⟩2δi3

i4
δa5

a2

CLρ
νλµ

(
DλH

†i
)
(DµDνHi)

(
d̄R

a
pγ

ρdRra

)
Cf2,f5 [35][45]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i3
i4
δa5

a2

(4.317)
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O(1∼5)
CLūRuRHH†D3

H†iCLρ
νλµ (DλHi)

((
DµDν ūR

a
p

)
γρuRra

)
Cf2,f5 [45]2⟨12⟩⟨14⟩2⟨15⟩δi3

i4
δa5

a2

H†iCLρ
λνµ (DλDνHi)

((
DµūR

a
p

)
γρuRra

)
Cf2,f5 [35]2⟨12⟩⟨13⟩2⟨15⟩δi3

i4
δa5

a2

HiCLρ
νλµ

(
DλH

†i
) ((

DµDν ūR
a
p

)
γρuRra

)
Cf2,f5 [34][35]⟨12⟩⟨13⟩2⟨14⟩δi3

i4
δa5

a2

CLρ
νλµ (DνHi)

(
DλH

†i
) ((

DµūR
a
p

)
γρuRra

)
Cf2,f5 [34][45]⟨12⟩⟨13⟩⟨14⟩2δi3

i4
δa5

a2

CLρ
νλµ

(
DλH

†i
)
(DµDνHi)

(
ūR

a
pγ

ρuRra

)
Cf2,f5 [35][45]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i3
i4
δa5

a2

(4.318)

O(1,2)
CLdRūRH2D3

ϵijHjCLρ
νλµ (DλHi)

((
DµDν ūR

a
p

)
γρdRra

)
Cf2,f5 [45]2⟨12⟩⟨14⟩2⟨15⟩δa5

a2 ϵ
i3i4

ϵijHjCLρ
λνµ (DλDνHi)

((
DµūR

a
p

)
γρdRra

)
Cf2,f5 [34][35]⟨12⟩⟨13⟩2⟨14⟩δa5

a2 ϵ
i3i4

(4.319)

O(1∼10)
CLqq̄HH†D3

H†iCLρ
νλµ (DλHj)

(
q̄L

aj
r γ

ρ (DµDνqLpai)
)

Cf2,f5 [45]2⟨12⟩⟨14⟩2⟨15⟩δi2
i4
δi3

i5
δa2

a5

H†iCLρ
λνµ (DλDνHj)

(
q̄L

aj
r γ

ρ (DµqLpai)
)

Cf2,f5 [35]2⟨12⟩⟨13⟩2⟨15⟩δi2
i4
δi3

i5
δa2

a5

HjCLρ
νλµ

(
DλH

†i
) (
q̄L

aj
r γ

ρ (DµDνqLpai)
)

Cf2,f5 [34][35]⟨12⟩⟨13⟩2⟨14⟩δi2
i4
δi3

i5
δa2

a5

CLρ
νλµ (DνHj)

(
DλH

†i
) (
q̄L

aj
r γ

ρ (DµqLpai)
)
Cf2,f5 [34][45]⟨12⟩⟨13⟩⟨14⟩2δi2

i4
δi3

i5
δa2

a5

CLρ
νλµ

(
DλH

†i
)
(DµDνHj)

(
q̄L

aj
r γ

ρqLpai
)

Cf2,f5 [35][45]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i2
i4
δi3

i5
δa2

a5

H†jCLρ
νλµ (DλHj)

(
q̄L

ai
r γ

ρ (DµDνqLpai)
)

Cf2,f5 [45]2⟨12⟩⟨14⟩2⟨15⟩δi2
i5
δi3

i4
δa2

a5

H†jCLρ
λνµ (DλDνHj)

(
q̄L

ai
r γ

ρ (DµqLpai)
)

Cf2,f5 [35]2⟨12⟩⟨13⟩2⟨15⟩δi2
i5
δi3

i4
δa2

a5

HjCLρ
νλµ

(
DλH

†j
) (
q̄L

ai
r γ

ρ (DµDνqLpai)
)

Cf2,f5 [34][35]⟨12⟩⟨13⟩2⟨14⟩δi2
i5
δi3

i4
δa2

a5

CLρ
νλµ (DνHj)

(
DλH

†j
) (
q̄L

ai
r γ

ρ (DµqLpai)
)
Cf2,f5 [34][45]⟨12⟩⟨13⟩⟨14⟩2δi2

i5
δi3

i4
δa2

a5

CLρ
νλµ

(
DλH

†j
)
(DµDνHj)

(
q̄L

ai
r γ

ρqLpai
)

Cf2,f5 [35][45]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i2
i5
δi3

i4
δa2

a5

(4.320)

Class CLϕ
4D4: 1 types

O(1∼4)
CLH2H†2D4

H†iH†jCρνλµ
L (DµDνHi) (DλDρHj) [45]2⟨14⟩2⟨15⟩2δi2

i4
δi3

i5

H†jCρνλµ
L (DλHj)

(
DρH

†i
)
(DµDνHi) [35]2⟨13⟩2⟨15⟩2δi2

i4
δi3

i5

HjH
†jCρνλµ

L (DµDνHi)
(
DλDρH

†i
)

[34]2⟨13⟩2⟨14⟩2δi2
i4
δi3

i5

H†jCρνλµ
L (DµHi) (DνHj)

(
DλDρH

†i
)
[34][35]⟨13⟩2⟨14⟩⟨15⟩δi2

i4
δi3

i5

(4.321)

Class CLFLψ
4: 11 types

O(1∼4)
CLBLd̄RēRū2

R

Y [ s t ] ϵabcB
λρ
L CLµνλρd̄R

a
pCēRr

(
ūR

b
sσ

µνCūR
c
t

)
C[2]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩ϵa3a5a6

Y [ s t ] ϵabcB
λρ
L CLµνλρ

(
d̄R

a
pση

νCēRr

) (
ūR

b
sσ

ηµCūR
c
t

)
C[2]

f3,f4,f5f6
⟨12⟩2⟨14⟩⟨15⟩⟨36⟩ϵa3a5a6

Y [ s t ] ϵabcCLµνλρBLη
ρ
(
d̄R

a
pσ

ληCēRr

) (
ūR

b
sσ

µνCūR
c
t

)
C[2]

f3,f4,f5f6
⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩ϵa3a5a6

Y
[

s
t

]
ϵabcB

λρ
L CLµνλρūR

b
sCūR

c
t

(
d̄R

a
pσ

µνCēRr

)
C[1,1]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵa3a5a6

(4.322)
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O(1∼4)
CLBLēRlqūR

(ūR
a
t qLsaj) ϵijBλρ

L CLµνλρ (ēRpσ
µν lLri) Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa5

a6 ϵ
i4i5

(ēRplLri) ϵijBλρ
L CLµνλρ (ūR

a
t σ

µνqLsaj) Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa5
a6 ϵ

i4i5

ϵijBλρ
L CLµνλρ (ēRpση

ν lLri) (ūR
a
t σ

ηµqLsaj) Cf3,f4,f5,f6⟨12⟩2⟨14⟩⟨15⟩⟨36⟩δa5
a6 ϵ

i4i5

ϵijCLµνλρBLη
ρ
(
ēRpσ

ληlLri

)
(ūR

a
t σ

µνqLsaj) Cf3,f4,f5,f6⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa5
a6 ϵ

i4i5

(4.323)

O(1∼8)
CLBLd̄Rq2ūR

Y [ r s ]
(
ūR

b
tqLsaj

)
ϵijBλρ

L CLµνλρ

(
d̄R

a
pσ

µνqLrbi

)
C[2]

f3,f4f5,f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa5

a3δ
a4
a6 ϵ

i4i5

Y [ r s ]
(
d̄R

a
pqLrbi

)
ϵijBλρ

L CLµνλρ

(
ūR

b
tσ

µνqLsaj

)
C[2]

f3,f4f5,f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa5

a3δ
a4
a6 ϵ

i4i5

Y [ r s ] ϵijBλρ
L CLµνλρ

(
d̄R

a
pση

νqLrbi

) (
ūR

b
tσ

ηµqLsaj

)
C[2]

f3,f4f5,f6
⟨12⟩2⟨14⟩⟨15⟩⟨36⟩δa5

a3δ
a4
a6 ϵ

i4i5

Y [ r s ] ϵijCLµνλρBLη
ρ
(
d̄R

a
pσ

ληqLrbi

) (
ūR

b
tσ

µνqLsaj

)
C[2]

f3,f4f5,f6
⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa5

a3δ
a4
a6 ϵ

i4i5

Y
[

r
s

] (
ūR

b
tqLsaj

)
ϵijBλρ

L CLµνλρ

(
d̄R

a
pσ

µνqLrbi

)
C[1,1]

f3,f4f5,f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa5

a3δ
a4
a6 ϵ

i4i5

Y
[

r
s

] (
d̄R

a
pqLrbi

)
ϵijBλρ

L CLµνλρ

(
ūR

b
tσ

µνqLsaj

)
C[1,1]

f3,f4f5,f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa5

a3δ
a4
a6 ϵ

i4i5

Y
[

r
s

]
ϵijBλρ

L CLµνλρ

(
d̄R

a
pση

νqLrbi

) (
ūR

b
tσ

ηµqLsaj

)
C[1,1]

f3,f4f5,f6
⟨12⟩2⟨14⟩⟨15⟩⟨36⟩δa5

a3δ
a4
a6 ϵ

i4i5

Y
[

r
s

]
ϵijCLµνλρBLη

ρ
(
d̄R

a
pσ

ληqLrbi

) (
ūR

b
tσ

µνqLsaj

)
C[1,1]

f3,f4f5,f6
⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa5

a3δ
a4
a6 ϵ

i4i5

(4.324)

O(1∼5)
CLBLlq3

Y [ r s t ] ϵabcϵikϵjlBλρ
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ūR

b
tqLsaj

)
τ I i

kϵ
jkCLµνλρW

I
L

λρ
(
d̄R

a
pσ

µνqLrbi

)
C[2]

f3,f4f5,f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa5

a3δ
a4
a6 ϵ

i5k
(
τ I2
)i4

k

Y [ r s ]
(
d̄R

a
pqLrbi

)
τ I i

kϵ
jkCLµνλρW

I
L

λρ
(
ūR

b
tσ

µνqLsaj

)
C[2]

f3,f4f5,f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa5

a3δ
a4
a6 ϵ

i5k
(
τ I2
)i4

k

Y [ r s ] τ I i
kϵ

jkCLµνλρW
I
L

λρ
(
d̄R

a
pση

νqLrbi

) (
ūR
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R

Y [ s t ]λAd
bϵacdCLµνλρG

A
L

λρūR
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ūR

b
sσ

µνCūR
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Y [ r s ]
(
ūR
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c
tσ

µνqLscj) C[1,1]
f3,f4f5,f6

⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa5
a6 ϵ

i4i5
(
λA2

)a4

a3

Y
[

r
s

]
λAb

aϵ
ijCLµνλρG

A
L

λρ
(
d̄R

a
pση

νqLrbi

)
(ūR
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a6 ϵ

i4i5
(
λA2

)a4

a3

(4.331)

O(1∼11)
CLGLlq3

Y [ r s t ]λAb
dϵ

acdϵikϵjlCLµνλρG
A
L

λρqLsbkCqLtcl (lLpiCσ
µνqLraj)

Y [ r s t ]λAb
dϵ

acdϵijϵklCLµνλρG
A
L

λρlLpiCqLraj (qLsbkCσ
µνqLtcl)

Y [ r s t ]λAb
dϵ

acdϵijϵklCLµνλρG
A
L η

ρ
(
lLpiCσ

ληqLraj

)
(qLsbkCσ

µνqLtcl)
Y
[

r s
t

]
λAb

dϵ
acdϵikϵjlCLµνλρG

A
L

λρqLsbkCqLtcl (lLpiCσ
µνqLraj)

Y
[

r s
t

]
λAb

dϵ
acdϵikϵjlCLµνλρG

A
L

λρlLpiCqLraj (qLsbkCσ
µνqLtcl)

Y
[

r s
t

]
λAb

dϵ
acdϵikϵjlCLµνλρG

A
L η

ρ
(
lLpiCσ

ληqLraj

)
(qLsbkCσ

µνqLtcl)

Y
[

r s
t

]
λAb

dϵ
acdϵijϵklCLµνλρG

A
L

λρqLsbkCqLtcl (lLpiCσ
µνqLraj)

Y
[

r s
t

]
λAa

dϵ
bcdϵikϵjlCLµνλρG

A
L

λρqLsbkCqLtcl (lLpiCσ
µνqLraj)

Y
[

r
s
t

]
λAb

dϵ
acdϵikϵjlCLµνλρG

A
L

λρqLsbkCqLtcl (lLpiCσ
µνqLraj)

Y
[

r
s
t

]
λAb

dϵ
acdϵikϵjlCLµνλρG

A
L

λρlLpiCqLraj (qLsbkCσ
µνqLtcl)

Y
[

r
s
t

]
λAb

dϵ
acdϵikϵjlCLµνλρG

A
L η

ρ
(
lLpiCσ

ληqLraj

)
(qLsbkCσ

µνqLtcl)

C[3]
f3,f4f5f6

⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵi3i5ϵi4i6ϵa4a6d (λA2
)a5

d
C[3]

f3,f4f5f6
⟨12⟩2⟨14⟩⟨15⟩⟨36⟩ϵi3i4ϵi5i6ϵa4a6d (λA2

)a5

d
C[3]

f3,f4f5f6
⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩ϵi3i4ϵi5i6ϵa4a6d (λA2

)a5

d
C[2,1]

f3,f4f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵi3i5ϵi4i6ϵa4a6d (λA2

)a5

d
C[2,1]

f3,f4f5f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩ϵi3i5ϵi4i6ϵa4a6d (λA2

)a5

d
C[2,1]

f3,f4f5f6
⟨12⟩2⟨14⟩⟨15⟩⟨36⟩ϵi3i5ϵi4i6ϵa4a6d (λA2

)a5

d
C[2,1]

f3,f4f5f6
⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩ϵi3i5ϵi4i6ϵa4a6d (λA2

)a5

d
C[2,1]

f3,f4f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵi3i4ϵi5i6ϵa4a6d (λA2

)a5

d
C[1,1,1]

f3,f4f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵi3i5ϵi4i6ϵa4a6d (λA2

)a5

d
C[1,1,1]

f3,f4f5f6
⟨12⟩2⟨14⟩⟨15⟩⟨36⟩ϵi3i5ϵi4i6ϵa4a6d (λA2

)a5

d
C[1,1,1]

f3,f4f5f6
⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩ϵi3i5ϵi4i6ϵa4a6d (λA2

)a5

d

(4.332)
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Class CLFL
2ψ2ϕ: 16 types

O(1,2)
CLBL2ēRlH†

(ēRplLri)H†iBλρ
L Bµν

L CLµνλρ Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δi5
i6

H†iBλρ
L CLµνλρBLη

ν (ēRpσ
ηµlLri) Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δi5

i6

(4.333)

O(1,2)
CLBL2d̄RqH†

(
d̄R

a
pqLrai

)
H†iBλρ

L Bµν
L CLµνλρ Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δi5

i6
δa5

a4

H†iBλρ
L CLµνλρBLη

ν
(
d̄R

a
pσ

ηµqLrai

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δi5

i6
δa5

a4

(4.334)

O(1,2)
CLBL2qūRH

(ūR
a
rqLpai) ϵijHjB

λρ
L Bµν

L CLµνλρ Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δa4
a5 ϵ

i4i6

ϵijHjB
λρ
L CLµνλρBLη

ν (ūR
a
rσ

ηµqLpai) Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δa4
a5 ϵ

i4i6
(4.335)

O(1∼3)
CLBLWLēRlH†

(ēRplLri) τ I i
jH

†jBλρ
L CLµνλρW

I
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩
(
τ I3
)i5

i6

τ I i
jH

†jBλρ
L CLµνλρW

I
Lη

ν (ēRpσ
ηµlLri) Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩

(
τ I3
)i5

i6

τ I i
jH

†jCLµνλρW
I
L

ληBLη
ρ (ēRpσ

µν lLri) Cf4,f5⟨12⟩⟨13⟩2⟨14⟩⟨25⟩
(
τ I3
)i5

i6

(4.336)

O(1∼3)
CLBLWLd̄RqH†

(
d̄R

a
pqLrai

)
τ I i

jH
†jBλρ

L CLµνλρW
I
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δa5
a4

(
τ I3
)i5

i6

τ I i
jH

†jBλρ
L CLµνλρW

I
Lη

ν
(
d̄R

a
pσ

ηµqLrai

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δa5

a4

(
τ I3
)i5

i6

τ I i
jH

†jCLµνλρW
I
L

ληBLη
ρ
(
d̄R

a
pσ

µνqLrai

)
Cf4,f5⟨12⟩⟨13⟩2⟨14⟩⟨25⟩δa5

a4

(
τ I3
)i5

i6

(4.337)

O(1∼3)
CLBLWLqūRH

(ūR
a
rqLpai) τ I i

kϵ
jkHjB

λρ
L CLµνλρW

I
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δa4
a5 ϵ

i6k
(
τ I3
)i4

k

τ I i
kϵ

jkHjB
λρ
L CLµνλρW

I
Lη

ν (ūR
a
rσ

ηµqLpai) Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δa4
a5 ϵ

i6k
(
τ I3
)i4

k

τ I i
kϵ

jkHjCLµνλρW
I
L

ληBLη
ρ (ūR

a
rσ

µνqLpai) Cf4,f5⟨12⟩⟨13⟩2⟨14⟩⟨25⟩δa4
a5 ϵ

i6k
(
τ I3
)i4

k
(4.338)

O(1∼3)
CLWL2ēRlH†

(ēRplLri)H†iCLµνλρW
I
L

λρW I
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δi5
i6
δI2I3

H†iCLµνλρW
I
L

λρW I
Lη

ν (ēRpσ
ηµlLri) Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δi5

i6
δI2I3

τKi
jϵ

IJKH†jCLµνλρW
I
L

λρW J
L η

ν (ēRpσ
ηµlLri) Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩ϵI2I3K

(
τK
)i5

i6

(4.339)

O(1∼3)
CLWL2d̄RqH†

(
d̄R

a
pqLrai

)
H†iCLµνλρW

I
L

λρW I
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δi5
i6
δa5

a4δ
I2I3

H†iCLµνλρW
I
L

λρW I
Lη

ν
(
d̄R

a
pσ

ηµqLrai

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δi5

i6
δa5

a4δ
I2I3

τKi
jϵ

IJKH†jCLµνλρW
I
L

λρW J
L η

ν
(
d̄R

a
pσ

ηµqLrai

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δa5

a4 ϵ
I2I3K

(
τK
)i5

i6

(4.340)

O(1∼3)
CLWL2qūRH

(ūR
a
rqLpai) ϵijHjCLµνλρW

I
L

λρW I
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δa4
a5δ

I2I3ϵi4i6

ϵijHjCLµνλρW
I
L

λρW I
Lη

ν (ūR
a
rσ

ηµqLpai) Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δa4
a5δ

I2I3ϵi4i6

τKi
kϵ

IJKϵjkHjCLµνλρW
I
L

λρW J
L η

ν (ūR
a
rσ

ηµqLpai) Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δa4
a5 ϵ

i6kϵI2I3K
(
τK
)i4

k
(4.341)

O(1∼3)
CLBLGLd̄RqH†

(
d̄R

a
pqLrbi

)
λAb

aH
†iBλρ

L CLµνλρG
A
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δi5
i6

(
λA3

)a5

a4

λAb
aH

†iBλρ
L CLµνλρG

A
L η

ν
(
d̄R

a
pσ

ηµqLrbi

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δi5

i6

(
λA3

)a5

a4

λAb
aH

†iCLµνλρG
A
L

ληBLη
ρ
(
d̄R

a
pσ

µνqLrbi

)
Cf4,f5⟨12⟩⟨13⟩2⟨14⟩⟨25⟩δi5

i6

(
λA3

)a5

a4

(4.342)
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O(1∼3)
CLBLGLqūRH

(
ūR

b
rqLpai

)
λAa

b ϵ
ijHjB

λρ
L CLµνλρG

A
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩ϵi4i6
(
λA3

)a4

a5

λAa
b ϵ

ijHjB
λρ
L CLµνλρG

A
L η

ν
(
ūR

b
rσ

ηµqLpai

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩ϵi4i6

(
λA3

)a4

a5

λAa
b ϵ

ijHjCLµνλρG
A
L

ληBLη
ρ
(
ūR

b
rσ

µνqLpai

)
Cf4,f5⟨12⟩⟨13⟩2⟨14⟩⟨25⟩ϵi4i6

(
λA3

)a4

a5

(4.343)

O(1∼3)
CLGLWLd̄RqH†

(
d̄R

a
pqLrbi

)
λAb

aτ
I i

jH
†jCLµνλρG

A
L

λρW I
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩
(
λA2

)a5

a4

(
τ I3
)i5

i6

λAb
aτ

I i
jH

†jCLµνλρG
A
L

λρW I
Lη

ν
(
d̄R

a
pσ

ηµqLrbi

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩

(
λA2

)a5

a4

(
τ I3
)i5

i6

λAb
aτ

I i
jH

†jCLµνλρW
I
L

ληGA
L η

ρ
(
d̄R

a
pσ

µνqLrbi

)
Cf4,f5⟨12⟩⟨13⟩2⟨14⟩⟨25⟩

(
λA2

)a5

a4

(
τ I3
)i5

i6

(4.344)

O(1∼3)
CLGLWLqūRH

(
ūR

b
rqLpai

)
λAa

bτ
I i

kϵ
jkHjCLµνλρG

A
L

λρW I
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩ϵi6k
(
τ I3
)i4

k

(
λA2

)a4

a5

λAa
bτ

I i
kϵ

jkHjCLµνλρG
A
L

λρW I
Lη

ν
(
ūR

b
rσ

ηµqLpai

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩ϵi6k

(
τ I3
)i4

k

(
λA2

)a4

a5

λAa
bτ

I i
kϵ

jkHjCLµνλρW
I
L

ληGA
L η

ρ
(
ūR

b
rσ

µνqLpai

)
Cf4,f5⟨12⟩⟨13⟩2⟨14⟩⟨25⟩ϵi6k

(
τ I3
)i4

k

(
λA2

)a4

a5

(4.345)

O(1,2)
CLGL2ēRlH†

(ēRplLri)H†iCLµνλρG
A
L

λρGA
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δi5
i6
δA2A3

H†iCLµνλρG
A
L

λρGA
L η

ν (ēRpσ
ηµlLri) Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δi5

i6
δA2A3

(4.346)

O(1∼5)
CLGL2d̄RqH†

(
d̄R

a
pqLrai

)
H†iCLµνλρG

A
L

λρGA
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δi5
i6
δa5

a4δ
A2A3

H†iCLµνλρG
A
L

λρGA
L η

ν
(
d̄R

a
pσ

ηµqLrai

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δi5

i6
δa5

a4δ
A2A3(

d̄R
a
pqLrbi

)
dABCλCb

aH
†iCLµνλρG

A
L

λρGB
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δi5
i6
dCA2A3

(
λC
)a5

a4

dABCλCb
aH

†iCLµνλρG
A
L

λρGB
L η

ν
(
d̄R

a
pσ

ηµqLrbi

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δi5

i6
dCA2A3

(
λC
)a5

a4

fABCλCb
aH

†iCLµνλρG
A
L

λρGB
L η

ν
(
d̄R

a
pσ

ηµqLrbi

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δi5

i6
fCA2A3

(
λC
)a5

a4

(4.347)

O(1∼5)
CLGL2qūRH

(ūR
a
rqLpai) ϵijHjCLµνλρG

A
L

λρGA
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δa4
a5δ

A2A3ϵi4i6

ϵijHjCLµνλρG
A
L

λρGA
L η

ν (ūR
a
rσ

ηµqLpai) Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δa4
a5δ

A2A3ϵi4i6(
ūR

b
rqLpai

)
dABCλCa

b ϵ
ijHjCLµνλρG

A
L

λρGB
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩ϵi4i6dCA2A3
(
λC
)a4

a5

dABCλCa
b ϵ

ijHjCLµνλρG
A
L

λρGB
L η

ν
(
ūR

b
rσ

ηµqLpai

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩ϵi4i6dCA2A3

(
λC
)a4

a5

fABCλCa
b ϵ

ijHjCLµνλρG
A
L

λρGB
L η

ν
(
ūR

b
rσ

ηµqLpai

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩ϵi4i6fCA2A3

(
λC
)a4

a5

(4.348)

Class CLFL
3ϕ2: 5 types

OCLBL2WLHH† τ I i
jHiH

†jBλρ
L CLµνλρW

I
L

ηµBLη
ν ⟨12⟩2⟨13⟩⟨14⟩⟨34⟩

(
τ I4
)i5

i6
(4.349)

O(1,2)
CLBLWL2HH†

HiH
†iCLµνλρW

I
L

ληW I
L

µνBLη
ρ ⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δi5

i6
δI3I4

τKi
jϵ

IJKHiH
†jBλρ

L CLµνλρW
J
L

ηµW I
Lη

ν ⟨12⟩2⟨13⟩⟨14⟩⟨34⟩ϵI3I4K
(
τK
)i5

i6

(4.350)

OCLWL3HH† τLi
jHiH

†jCLµνλρW
I
L

λρWK
L

ηµW I
Lη

ν ⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δI4LδI2I3
(
τL
)i5

i6

(4.351)

OCLBLGL2HH† HiH
†iCLµνλρG

A
L

ληGA
L

µνBLη
ρ ⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δi5

i6
δA3A4 (4.352)

OCLGL2WLHH† τ I i
jHiH

†jCLµνλρG
A
L

λρW I
L

ηµGA
L η

ν ⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δA2A3
(
τ I4
)i5

i6
(4.353)
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Class CL
2ψ4: 4 types

O(1∼3)
CL2d̄RēRū2

R

Y [ s t ] ϵabcCLµνλρC
µνλρ
L

(
d̄R

a
pσηξCēRr

) (
ūR

b
sσ

ηξCūR
c
t

)
C[2]

f3,f4,f5f6
⟨12⟩4⟨35⟩⟨46⟩ϵa3a5a6

Y [ s t ] ϵabcCLµνλρCLηξ
λρ
(
d̄R

a
pσ

µνCēRr

) (
ūR

b
sσ

ηξCūR
c
t

)
C[2]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩ϵa3a5a6

Y
[

s
t

]
ϵabcCLµνλρC

µνλρ
L d̄R

a
pCēRrūR

b
sCūR

c
t C[1,1]

f3,f4,f5f6
⟨12⟩4⟨34⟩⟨56⟩ϵa3a5a6

(4.354)

O(1∼3)
CL2ēRlqūR

(ēRplLri) (ūR
a
t qLsaj) ϵijCLµνλρC

µνλρ
L Cf3,f4,f5,f6⟨12⟩4⟨34⟩⟨56⟩δa5

a6 ϵ
i4i5

ϵijCLµνλρC
µνλρ
L (ēRpσηξlLri)

(
ūR

a
t σ

ηξqLsaj

)
Cf3,f4,f5,f6⟨12⟩4⟨35⟩⟨46⟩δa5

a6 ϵ
i4i5

ϵijCLµνλρCLηξ
λρ (ēRpσ

µν lLri)
(
ūR

a
t σ

ηξqLsaj

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa5

a6 ϵ
i4i5

(4.355)

O(1∼6)
CL2d̄Rq2ūR

Y [ r s ]
(
d̄R

a
pqLrbi

) (
ūR

b
tqLsaj

)
ϵijCLµνλρC

µνλρ
L C[2]

f3,f4f5,f6
⟨12⟩4⟨34⟩⟨56⟩δa5

a3δ
a4
a6 ϵ

i4i5

Y [ r s ] ϵijCLµνλρC
µνλρ
L

(
d̄R

a
pσηξqLrbi

) (
ūR

b
tσ

ηξqLsaj

)
C[2]

f3,f4f5,f6
⟨12⟩4⟨35⟩⟨46⟩δa5

a3δ
a4
a6 ϵ

i4i5

Y [ r s ] ϵijCLµνλρCLηξ
λρ
(
d̄R

a
pσ

µνqLrbi

) (
ūR

b
tσ

ηξqLsaj

)
C[2]

f3,f4f5,f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa5

a3δ
a4
a6 ϵ

i4i5

Y
[

r
s

] (
d̄R

a
pqLrbi

) (
ūR

b
tqLsaj

)
ϵijCLµνλρC

µνλρ
L C[1,1]

f3,f4f5,f6
⟨12⟩4⟨34⟩⟨56⟩δa5

a3δ
a4
a6 ϵ

i4i5

Y
[

r
s

]
ϵijCLµνλρC

µνλρ
L

(
d̄R

a
pσηξqLrbi

) (
ūR

b
tσ

ηξqLsaj

)
C[1,1]

f3,f4f5,f6
⟨12⟩4⟨35⟩⟨46⟩δa5

a3δ
a4
a6 ϵ

i4i5

Y
[

r
s

]
ϵijCLµνλρCLηξ

λρ
(
d̄R

a
pσ

µνqLrbi

) (
ūR

b
tσ

ηξqLsaj

)
C[1,1]

f3,f4f5,f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa5

a3δ
a4
a6 ϵ

i4i5

(4.356)

O(1∼4)
CL2lq3

Y [ r s t ] ϵabcϵikϵjlCLµνλρC
µνλρ
L lLpiCqLrajqLsbkCqLtcl C[3]

f3,f4f5f6
⟨12⟩4⟨34⟩⟨56⟩ϵi3i5ϵi4i6ϵa4a5a6

Y
[

r s
t

]
ϵabcϵikϵjlCLµνλρC

µνλρ
L lLpiCqLrajqLsbkCqLtcl C[2,1]

f3,f4f5f6
⟨12⟩4⟨34⟩⟨56⟩ϵi3i5ϵi4i6ϵa4a5a6

Y
[

r s
t

]
ϵabcϵikϵjlCLµνλρCLηξ

λρ (lLpiCσ
µνqLraj)

(
qLsbkCσ

ηξqLtcl

)
C[2,1]

f3,f4f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩ϵi3i5ϵi4i6ϵa4a5a6

Y
[

r
s
t

]
ϵabcϵikϵjlCLµνλρC

µνλρ
L lLpiCqLrajqLsbkCqLtcl C[1,1,1]

f3,f4f5f6
⟨12⟩4⟨34⟩⟨56⟩ϵi3i5ϵi4i6ϵa4a5a6

(4.357)

Class CL
2FLψ

2ϕ: 8 types

O(1,2)
CL2BLēRlH†

H†iBLηξCLµνλρC
µνλρ
L

(
ēRpσ

ηξlLri

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩δi5

i6

H†iBµν
L CLµνλρCLηξ

λρ
(
ēRpσ

ηξlLri

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩δi5

i6

(4.358)

O(1,2)
CL2BLd̄RqH†

H†iBLηξCLµνλρC
µνλρ
L

(
d̄R

a
pσ

ηξqLrai

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩δi5

i6
δa5

a4

H†iBµν
L CLµνλρCLηξ

λρ
(
d̄R

a
pσ

ηξqLrai

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩δi5

i6
δa5

a4

(4.359)

O(1,2)
CL2BLqūRH

ϵijHjBLηξCLµνλρC
µνλρ
L

(
ūR

a
rσ

ηξqLpai

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩δa4

a5 ϵ
i4i6

ϵijHjB
µν
L CLµνλρCLηξ

λρ
(
ūR

a
rσ

ηξqLpai

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩δa4

a5 ϵ
i4i6

(4.360)

O(1,2)
CL2WLēRlH†

τ I i
jH

†jCLµνλρC
µνλρ
L W I

Lηξ

(
ēRpσ

ηξlLri

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩

(
τ I3
)i5

i6

τ I i
jH

†jCLµνλρW
I
L

µνCLηξ
λρ
(
ēRpσ

ηξlLri

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩

(
τ I3
)i5

i6

(4.361)

O(1,2)
CL2WLd̄RqH†

τ I i
jH

†jCLµνλρC
µνλρ
L W I

Lηξ

(
d̄R

a
pσ

ηξqLrai

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩δa5

a4

(
τ I3
)i5

i6

τ I i
jH

†jCLµνλρW
I
L

µνCLηξ
λρ
(
d̄R

a
pσ

ηξqLrai

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩δa5

a4

(
τ I3
)i5

i6

(4.362)
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O(1,2)
CL2WLqūRH

τ I i
kϵ

jkHjCLµνλρC
µνλρ
L W I

Lηξ

(
ūR

a
rσ

ηξqLpai

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩δa4

a5 ϵ
i6k
(
τ I3
)i4

k

τ I i
kϵ

jkHjCLµνλρW
I
L

µνCLηξ
λρ
(
ūR

a
rσ

ηξqLpai

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩δa4

a5 ϵ
i6k
(
τ I3
)i4

k
(4.363)

O(1,2)
CL2GLd̄RqH†

λAb
aH

†iCLµνλρC
µνλρ
L GA

L ηξ

(
d̄R

a
pσ

ηξqLrbi

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩δi5

i6

(
λA3

)a5

a4

λAb
aH

†iCLµνλρG
A
L

µνCLηξ
λρ
(
d̄R

a
pσ

ηξqLrbi

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩δi5

i6

(
λA3

)a5

a4

(4.364)

O(1,2)
CL2GLqūRH

λAa
b ϵ

ijHjCLµνλρC
µνλρ
L GA

L ηξ

(
ūR

b
rσ

ηξqLpai

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩ϵi4i6

(
λA3

)a4

a5

λAa
b ϵ

ijHjCLµνλρG
A
L

µνCLηξ
λρ
(
ūR

b
rσ

ηξqLpai

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩ϵi4i6

(
λA3

)a4

a5

(4.365)

Class CL
2FL

2ϕ2: 4 types

O(1,2)
CL2BL2HH†

HiH
†iBLηξB

ηξ
L CLµνλρC

µνλρ
L ⟨12⟩4⟨34⟩2δi5

i6

HiH
†iBηξ

L Bµν
L CLµνλρCLηξ

λρ ⟨12⟩2⟨13⟩2⟨24⟩2δi5
i6

(4.366)

O(1,2)
CL2BLWLHH†

τ I i
jHiH

†jBLηξCLµνλρC
µνλρ
L W I

L
ηξ ⟨12⟩4⟨34⟩2

(
τ I4
)i5

i6

τ I i
jHiH

†jBµν
L CLµνλρW

I
L

ηξCLηξ
λρ ⟨12⟩2⟨13⟩2⟨24⟩2

(
τ I4
)i5

i6

(4.367)

O(1,2)
CL2WL2HH†

HiH
†iCLµνλρC

µνλρ
L W I

LηξW
I
L

ηξ ⟨12⟩4⟨34⟩2δi5
i6
δI3I4

HiH
†iCLµνλρW

I
L

ηξW I
L

µνCLηξ
λρ ⟨12⟩2⟨13⟩2⟨24⟩2δi5

i6
δI3I4

(4.368)

O(1,2)
CL2GL2HH†

HiH
†iCLµνλρC

µνλρ
L GA

L ηξG
A
L

ηξ ⟨12⟩4⟨34⟩2δi5
i6
δA3A4

HiH
†iCLµνλρG

A
L

ηξGA
L

µνCLηξ
λρ ⟨12⟩2⟨13⟩2⟨24⟩2δi5

i6
δA3A4

(4.369)

Class CL
3ψ2ϕ: 3 types

OCL3ēRlH† (ēRplLri)H†iCLµνλρC
µνηξ
L CLηξ

λρ Cf4,f5⟨12⟩2⟨13⟩2⟨23⟩2⟨45⟩δi5
i6

(4.370)

OCL3d̄RqH†

(
d̄R

a
pqLrai

)
H†iCLµνλρC

µνηξ
L CLηξ

λρ Cf4,f5⟨12⟩2⟨13⟩2⟨23⟩2⟨45⟩δi5
i6
δa5

a4 (4.371)

OCL3qūRH (ūR
a
rqLpai) ϵijHjCLµνλρC

µνηξ
L CLηξ

λρ Cf4,f5⟨12⟩2⟨13⟩2⟨23⟩2⟨45⟩δa4
a5 ϵ

i4i6 (4.372)

Class CL
4ϕ2: 1 types

OCL4HH† HiH
†iCLηξτυCLµνλρC

ηξτυ
L Cµνλρ

L ⟨12⟩4⟨34⟩4δi5
i6

(4.373)

Class CLFLψ
2ψ̄2: 54 types

OCLBLē2
Re2

R
Y
[

p
r , s t

]
Bµν

L CLµνλρ (ēRpγ
ρeRs)

(
ēRrγ

λeRt

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩

(4.374)
OCLBLēReRll̄ B

µν
L CLµνλρ (ēRpγ

ρeRs)
(
l̄L

i
tγ

λlLri

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
(4.375)

OCLBLdRēRlq̄ B
µν
L CLµνλρ (ēRpγ

ρdRsa)
(
q̄L

ai
t γ

λlLri

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa5

a6

(4.376)
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J
H
E
P
1
0
(
2
0
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3
)
0
1
9

OCLBLd̄RdRll̄ B
µν
L CLµνλρ

(
d̄R

a
pγ

ρdRsa

) (
l̄L

i
tγ

λlLri

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa5

a3

(4.377)
OCLBLll̄ūRuR

Bµν
L CLµνλρ

(
l̄L

i
sγ

ρlLpi

) (
ūR

a
rγ

λuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δa6

a4

(4.378)
OCLBLēReRqq̄ B

µν
L CLµνλρ (ēRpγ

ρeRs)
(
q̄L

ai
t γ

λqLrai

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa4

a6

(4.379)
OCLBLd̄ReR l̄q B

µν
L CLµνλρ

(
d̄R

a
pγ

ρeRs

) (
l̄L

i
tγ

λqLrai

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa4

a3

(4.380)

O(1,2)
CLBLl2 l̄2

Y
[

p r , s
t

]
Bµν

L CLµνλρ

(
l̄L

i
sγ

ρlLpi

) (
l̄L

j
tγ

λlLrj

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δi4

i6

Y
[

p
r , s t

]
Bµν

L CLµνλρ

(
l̄L

i
sγ

ρlLpi

) (
l̄L

j
tγ

λlLrj

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δi4

i6

(4.381)
OCLBLd̄RdRēReR

Bµν
L CLµνλρ

(
d̄R

a
pγ

ρdRsa

) (
ēRrγ

λeRt

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(4.382)
OCLBLēReRūRuR Bµν

L CLµνλρ (ēRpγ
ρeRs)

(
ūR

a
rγ

λuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a4

(4.383)

O(1,2)
CLBLd̄2

Rd2
R

Y
[

p r , s
t

]
Bµν

L CLµνλρ

(
d̄R

a
pγ

ρdRsa

) (
d̄R

b
rγ

λdRtb

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3δ
a6
a4

Y
[

p
r , s t

]
Bµν

L CLµνλρ

(
d̄R

a
pγ

ρdRsa

) (
d̄R

b
rγ

λdRtb

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3δ
a6
a4

(4.384)

O(1,2)
CLBLd̄RdRūRuR

Bµν
L CLµνλρ

(
d̄R

a
pγ

ρdRsa

) (
ūR

b
rγ

λuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3δ
a6
a4

Bµν
L CLµνλρ

(
d̄R

a
pγ

ρdRsb

) (
ūR

b
rγ

λuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a3δ
a5
a4

(4.385)

O(1,2)
CLBLū2

Ru2
R

Y
[

p r , s
t

]
Bµν

L CLµνλρ

(
ūR

a
pγ

ρuRsa

) (
ūR

b
rγ

λuRtb

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3δ
a6
a4

Y
[

p
r , s t

]
Bµν

L CLµνλρ

(
ūR

a
pγ

ρuRsa

) (
ūR

b
rγ

λuRtb

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3δ
a6
a4

(4.386)
OCLBLēRq̄2ūR Y [ r s ] ϵabcϵijB

µν
L CLµνλρ

(
ēRpγ

ρCq̄L
bi
s

) (
ūR

a
rγ

λCq̄L
cj
t

)
C[2]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵi5i6ϵa4a5a6

(4.387)
OCLBLd̄R l̄q̄ūR

ϵabcϵijB
µν
L CLµνλρ

(
d̄R

a
pγ

ρCl̄L
i
s

) (
ūR

b
rγ

λCq̄L
cj
t

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵi5i6ϵa3a4a6

(4.388)
OCLBLdRlquR ϵabcϵijBµν

L CLµνλρ (lLpiCγ
ρdRsb)

(
qLrajCγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵi3i4ϵa4a5a6

(4.389)
OCLBLeRq2uR Y

[
r
s

]
ϵabcϵijBµν

L CLµνλρ (qLpaiCγ
ρeRs)

(
qLrbjCγ

λuRtc

)
C[2]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵi3i4ϵa3a4a6

(4.390)

O(1,2)
CLBLll̄qq̄

Bµν
L CLµνλρ

(
l̄L

i
sγ

ρlLpi

) (
q̄L

aj
t γ

λqLraj

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δi4

i6
δa4

a6

Bµν
L CLµνλρ

(
l̄L

j
sγ

ρlLpi

) (
q̄L

ai
t γ

λqLraj

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δi4

i5
δa4

a6

(4.391)

O(1,2)
CLBLd̄RdRqq̄

Bµν
L CLµνλρ

(
d̄R

a
pγ

ρdRsa

) (
q̄L

bi
t γ

λqLrbi

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa5

a3δ
a4
a6

Bµν
L CLµνλρ

(
d̄R

a
pγ

ρdRsc

) (
q̄L

ci
t γ

λqLrai

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa4

a3δ
a5
a6

(4.392)
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O(1,2)
CLBLqq̄ūRuR

Bµν
L CLµνλρ

(
q̄L

ci
s γ

ρqLpai
) (
ūR

a
rγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δa3

a4δ
a6
a5

Bµν
L CLµνλρ

(
q̄L

ai
s γ

ρqLpai
) (
ūR

b
rγ

λuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δa3

a5δ
a6
a4

(4.393)

O(1∼4)
CLBLq2q̄2

Y
[

p r , s
t

]
Bµν

L CLµνλρ

(
q̄L

ai
s γ

ρqLpai
) (
q̄L

bj
t γ

λqLrbj

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δi4

i6
δa3

a5δ
a4
a6

Y
[

p r , s
t

]
Bµν

L CLµνλρ

(
q̄L

aj
s γ

ρqLpai
) (
q̄L

bi
t γ

λqLrbj

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δi4

i5
δa3

a5δ
a4
a6

Y
[

p
r , s t

]
Bµν

L CLµνλρ

(
q̄L

ai
s γ

ρqLpai
) (
q̄L

bj
t γ

λqLrbj

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δi4

i6
δa3

a5δ
a4
a6

Y
[

p
r , s t

]
Bµν

L CLµνλρ

(
q̄L

aj
s γ

ρqLpai
) (
q̄L

bi
t γ

λqLrbj

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δi4

i5
δa3

a5δ
a4
a6

(4.394)

OCLWLēReRll̄ τ
I i

jCLµνλρW
I
L

µν (ēRpγ
ρeRs)

(
l̄L

j
tγ

λlLri

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩

(
τ I2
)i4

i6
(4.395)

OCLWLdRēRlq̄ τ
I i

jCLµνλρW
I
L

µν (ēRpγ
ρdRsa)

(
q̄L

aj
t γ

λlLri

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a6

(
τ I2
)i4

i6
(4.396)

OCLWLd̄RdRll̄ τ
I i

jCLµνλρW
I
L

µν
(
d̄R

a
pγ

ρdRsa

) (
l̄L

j
tγ

λlLri

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
τ I2
)i4

i6
(4.397)

OCLWLll̄ūRuR
τ I i

jCLµνλρW
I
L

µν
(
l̄L

j
sγ

ρlLpi

) (
ūR

a
rγ

λuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a4

(
τ I2
)i3

i5
(4.398)

OCLWLēReRqq̄ τ
I i

jCLµνλρW
I
L

µν (ēRpγ
ρeRs)

(
q̄L

aj
t γ

λqLrai

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a6

(
τ I2
)i4

i6
(4.399)

OCLWLd̄ReR l̄q τ
I i

jCLµνλρW
I
L

µν
(
d̄R

a
pγ

ρeRs

) (
l̄L

j
tγ

λqLrai

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(
τ I2
)i4

i6
(4.400)

O(1∼3)
CLWLl2 l̄2

Y [ p r , s t ] τ I j
kCLµνλρW

I
L

µν
(
l̄L

k
sγ

ρlLpi

) (
l̄L

i
tγ

λlLrj

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6

(
τ I2
)i4

i5

Y
[

p
r , s t

]
τ I j

kCLµνλρW
I
L

µν
(
l̄L

k
sγ

ρlLpi

) (
l̄L

i
tγ

λlLrj

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6

(
τ I2
)i4

i5

Y
[

p
r ,

s
t

]
τ I j

kCLµνλρW
I
L

µν
(
l̄L

k
sγ

ρlLpi

) (
l̄L

i
tγ

λlLrj

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6

(
τ I2
)i4

i5

(4.401)
OCLWLēRq̄2ūR Y

[
r
s

]
τ I k

i ϵabcϵjkCLµνλρW
I
L

µν
(
ēRpγ

ρCq̄L
bi
s

) (
ūR

a
rγ

λCq̄L
cj
t

)
C[2]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵi6kϵa4a5a6

(
τ I2
)k

i5

(4.402)

OCLWLd̄R l̄q̄ūR
τ I k

i ϵabcϵjkCLµνλρW
I
L

µν
(
d̄R

a
pγ

ρCl̄L
i
s

) (
ūR

b
rγ

λCq̄L
cj
t

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵi6kϵa3a4a6

(
τ I2
)k

i5

(4.403)
OCLWLdRlquR τ I i

kϵ
abcϵjkCLµνλρW

I
L

µν (lLpiCγ
ρdRsb)

(
qLrajCγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵi4kϵa4a5a6

(
τ I2
)i3

k

(4.404)
OCLWLeRq2uR Y [ r s ] τ I i

kϵ
abcϵjkCLµνλρW

I
L

µν (qLpaiCγ
ρeRs)

(
qLrbjCγ

λuRtc

)
C[2]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵi4kϵa3a4a6

(
τ I2
)i3

k

(4.405)

O(1∼3)
CLWLll̄qq̄

τ I j
kCLµνλρW

I
L

µν
(
l̄L

k
sγ

ρlLpi

) (
q̄L

ai
t γ

λqLraj

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δa4

a6

(
τ I2
)i4

i5

τ I i
kCLµνλρW

I
L

µν
(
l̄L

k
sγ

ρlLpi

) (
q̄L

aj
t γ

λqLraj

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa4

a6

(
τ I2
)i3

i5

τ I i
lCLµνλρW

I
L

µν
(
l̄L

j
sγ

ρlLpi

) (
q̄L

al
t γ

λqLraj

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i5
δa4

a6

(
τ I2
)i3

i6

(4.406)
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O(1,2)
CLWLd̄RdRqq̄

τ I i
jCLµνλρW

I
L

µν
(
d̄R

a
pγ

ρdRsa

) (
q̄L

bj
t γ

λqLrbi

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3δ
a4
a6

(
τ I2
)i4

i6

τ I i
jCLµνλρW

I
L

µν
(
d̄R

a
pγ

ρdRsc

) (
q̄L

cj
t γ

λqLrai

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3δ
a5
a6

(
τ I2
)i4

i6

(4.407)

O(1,2)
CLWLqq̄ūRuR

τ I i
jCLµνλρW

I
L

µν
(
q̄L

cj
s γ

ρqLpai
) (
ūR

a
rγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a4δ
a6
a5

(
τ I2
)i3

i5

τ I i
jCLµνλρW

I
L

µν
(
q̄L

aj
s γ

ρqLpai
) (
ūR

b
rγ

λuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a5δ
a6
a4

(
τ I2
)i3

i5

(4.408)

O(1∼6)
CLWLq2q̄2

Y [ p r , s t ] τ I j
kCLµνλρW

I
L

µν
(
q̄L

ak
s γρqLpai

) (
q̄L

bi
t γ

λqLrbj

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δa3

a5δ
a4
a6

(
τ I2
)i4

i5

Y [ p r , s t ] τ I i
kCLµνλρW

I
L

µν
(
q̄L

ak
s γρqLpai

) (
q̄L

bj
t γ

λqLrbj

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa3

a5δ
a4
a6

(
τ I2
)i3

i5

Y
[

p r , s
t

]
τ I j

kCLµνλρW
I
L

µν
(
q̄L

ak
s γρqLpai

) (
q̄L

bi
t γ

λqLrbj

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δa3

a5δ
a4
a6

(
τ I2
)i4

i5

Y
[

p
r , s t

]
τ I j

kCLµνλρW
I
L

µν
(
q̄L

ak
s γρqLpai

) (
q̄L

bi
t γ

λqLrbj

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δa3

a5δ
a4
a6

(
τ I2
)i4

i5

Y
[

p
r ,

s
t

]
τ I j

kCLµνλρW
I
L

µν
(
q̄L

ak
s γρqLpai

) (
q̄L

bi
t γ

λqLrbj

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δa3

a5δ
a4
a6

(
τ I2
)i4

i5

Y
[

p
r ,

s
t

]
τ I i

kCLµνλρW
I
L

µν
(
q̄L

ak
s γρqLpai

) (
q̄L

bj
t γ

λqLrbj

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa3

a5δ
a4
a6

(
τ I2
)i3

i5

(4.409)
OCLGLdRēRlq̄ λ

Aa
bCLµνλρG

A
L

µν (ēRpγ
ρdRsa)

(
q̄L

bi
t γ

λlLri

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6

(
λA2

)a5

a6
(4.410)

OCLGLd̄RdRll̄ λ
Ab

aCLµνλρG
A
L

µν
(
d̄R

a
pγ

ρdRsb

) (
l̄L

i
tγ

λlLri

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6

(
λA2

)a5

a3
(4.411)

OCLGLll̄ūRuR
λAb

aCLµνλρG
A
L

µν
(
l̄L

i
sγ

ρlLpi

) (
ūR

a
rγ

λuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5

(
λA2

)a6

a4
(4.412)

OCLGLēReRqq̄ λ
Aa

bCLµνλρG
A
L

µν (ēRpγ
ρeRs)

(
q̄L

bi
t γ

λqLrai

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6

(
λA2

)a4

a6
(4.413)

OCLGLd̄ReR l̄q λ
Ab

aCLµνλρG
A
L

µν
(
d̄R

a
pγ

ρeRs

) (
l̄L

i
tγ

λqLrbi

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6

(
λA2

)a4

a3
(4.414)

OCLGLd̄RdRēReR
λAb

aCLµνλρG
A
L

µν
(
d̄R

a
pγ

ρdRsb

) (
ēRrγ

λeRt

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a5

a3
(4.415)

OCLGLēReRūRuR λAb
aCLµνλρG

A
L

µν (ēRpγ
ρeRs)

(
ūR

a
rγ

λuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a6

a4
(4.416)

O(1∼4)
CLGLd̄2

Rd2
R

Y [ p r , s t ]λAd
bCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsa

) (
d̄R

b
rγ

λdRtd

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

Y
[

p r , s
t

]
λAd

bCLµνλρG
A
L

µν
(
d̄R

a
pγ

ρdRsa

) (
d̄R

b
rγ

λdRtd

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

Y
[

p
r , s t

]
λAd

bCLµνλρG
A
L

µν
(
d̄R

a
pγ

ρdRsa

) (
d̄R

b
rγ

λdRtd

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

Y
[

p
r ,

s
t

]
λAd

bCLµνλρG
A
L

µν
(
d̄R

a
pγ

ρdRsa

) (
d̄R

b
rγ

λdRtd

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

(4.417)

O(1∼4)
CLGLd̄RdRūRuR

λAd
bCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsa

) (
ūR

b
rγ

λuRtd

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

λAd
aCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsb

) (
ūR

b
rγ

λuRtd

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a4

(
λA2

)a6

a3

λAc
aCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsc

) (
ūR

b
rγ

λuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a4

(
λA2

)a5

a3

λAc
bCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsc

) (
ūR

b
rγ

λuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a3

(
λA2

)a5

a4

(4.418)
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O(1∼4)
CLGLū2

Ru2
R

Y [ p r , s t ]λAd
bCLµνλρG

A
L

µν
(
ūR

a
pγ

ρuRsa

) (
ūR

b
rγ

λuRtd

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

Y
[

p r , s
t

]
λAd

bCLµνλρG
A
L

µν
(
ūR

a
pγ

ρuRsa

) (
ūR

b
rγ

λuRtd

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

Y
[

p
r , s t

]
λAd

bCLµνλρG
A
L

µν
(
ūR

a
pγ

ρuRsa

) (
ūR

b
rγ

λuRtd

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

Y
[

p
r ,

s
t

]
λAd

bCLµνλρG
A
L

µν
(
ūR

a
pγ

ρuRsa

) (
ūR

b
rγ

λuRtd

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

(4.419)

O(1,2)
CLGLēRq̄2ūR

Y [ r s ]λAd
bϵacdϵijCLµνλρG

A
L

µν
(
ēRpγ

ρCq̄L
bi
s

) (
ūR

a
rγ

λCq̄L
cj
t

)
C[2]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵi5i6ϵa4a6d

(
λA2

)d
a5

Y
[

r
s

]
λAd

bϵacdϵijCLµνλρG
A
L

µν
(
ēRpγ

ρCq̄L
bi
s

) (
ūR

a
rγ

λCq̄L
cj
t

)
C[1,1]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵi5i6ϵa4a6d

(
λA2

)d
a5

(4.420)

O(1,2)
CLGLd̄R l̄q̄ūR

λAd
bϵacdϵijCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρCl̄L
i
s

) (
ūR

b
rγ

λCq̄L
cj
t

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵi5i6ϵa3a6d

(
λA2

)d

a4

λAd
aϵbcdϵijCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρCl̄L
i
s

) (
ūR

b
rγ

λCq̄L
cj
t

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵi5i6ϵa4a6d

(
λA2

)d

a3

(4.421)

O(1,2)
CLGLdRlquR

λAb
dϵ

acdϵijCLµνλρG
A
L

µν (lLpiCγ
ρdRsb)

(
qLrajCγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵi3i4ϵa4a6d (λA2

)a5

d
λAa

dϵ
bcdϵijCLµνλρG

A
L

µν (lLpiCγ
ρdRsb)

(
qLrajCγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵi3i4ϵa5a6d (λA2

)a4

d

(4.422)

O(1,2)
CLGLeRq2uR

Y [ r s ]λAb
dϵ

acdϵijCLµνλρG
A
L

µν (qLpaiCγ
ρeRs)

(
qLrbjCγ

λuRtc

)
C[2]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵi3i4ϵa3a6d (λA2

)a4

d
Y
[

r
s

]
λAb

dϵ
acdϵijCLµνλρG

A
L

µν (qLpaiCγ
ρeRs)

(
qLrbjCγ

λuRtc

)
C[1,1]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵi3i4ϵa3a6d (λA2

)a4

d

(4.423)

O(1,2)
CLGLll̄qq̄

λAa
bCLµνλρG

A
L

µν
(
l̄L

i
sγ

ρlLpi

) (
q̄L

bj
t γ

λqLraj

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δi4

i6

(
λA2

)a4

a6

λAa
bCLµνλρG

A
L

µν
(
l̄L

j
sγ

ρlLpi

) (
q̄L

bi
t γ

λqLraj

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δi4

i5

(
λA2

)a4

a6

(4.424)

O(1∼4)
CLGLd̄RdRqq̄

λAb
dCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsa

) (
q̄L

di
t γ

λqLrbi

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa5

a3

(
λA2

)a4

a6

λAb
aCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsc

) (
q̄L

ci
t γ

λqLrbi

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa5

a6

(
λA2

)a4

a3

λAc
dCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsc

) (
q̄L

di
t γ

λqLrai

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa4

a3

(
λA2

)a5

a6

λAc
aCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsc

) (
q̄L

bi
t γ

λqLrbi

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δa4

a6

(
λA2

)a5

a3

(4.425)

O(1∼4)
CLGLqq̄ūRuR

λAd
bCLµνλρG

A
L

µν
(
q̄L

ai
s γ

ρqLpai
) (
ūR

b
rγ

λuRtd

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δa3

a5

(
λA2

)a6

a4

λAa
bCLµνλρG

A
L

µν
(
q̄L

ci
s γ

ρqLpai
) (
ūR

b
rγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δa6

a5

(
λA2

)a3

a4

λAd
cCLµνλρG

A
L

µν
(
q̄L

ci
s γ

ρqLpai
) (
ūR

a
rγ

λuRtd

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δa3

a4

(
λA2

)a6

a5

λAa
cCLµνλρG

A
L

µν
(
q̄L

ci
s γ

ρqLpai
) (
ūR

b
rγ

λuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δa6

a4

(
λA2

)a3

a5

(4.426)

O(1∼8)
CLGLq2q̄2

Y [ p r , s t ]λAb
cCLµνλρG

A
L

µν
(
q̄L

ci
s γ

ρqLpai
) (
q̄L

aj
t γ

λqLrbj

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δi4

i6
δa3

a6

(
λA2

)a4

a5

Y [ p r , s t ]λAb
cCLµνλρG

A
L

µν
(
q̄L

cj
s γ

ρqLpai
) (
q̄L

ai
t γ

λqLrbj

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δi4

i5
δa3

a6

(
λA2

)a4

a5

Y
[

p r , s
t

]
λAb

cCLµνλρG
A
L

µν
(
q̄L

ci
s γ

ρqLpai
) (
q̄L

aj
t γ

λqLrbj

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δi4

i6
δa3

a6

(
λA2

)a4

a5

Y
[

p r , s
t

]
λAb

cCLµνλρG
A
L

µν
(
q̄L

cj
s γ

ρqLpai
) (
q̄L

ai
t γ

λqLrbj

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δi4

i5
δa3

a6

(
λA2

)a4

a5

Y
[

p
r , s t

]
λAb

cCLµνλρG
A
L

µν
(
q̄L

ci
s γ

ρqLpai
) (
q̄L

aj
t γ

λqLrbj

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δi4

i6
δa3

a6

(
λA2

)a4

a5

Y
[

p
r , s t

]
λAb

cCLµνλρG
A
L

µν
(
q̄L

cj
s γ

ρqLpai
) (
q̄L

ai
t γ

λqLrbj

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δi4

i5
δa3

a6

(
λA2

)a4

a5

Y
[

p
r ,

s
t

]
λAb

cCLµνλρG
A
L

µν
(
q̄L

ci
s γ

ρqLpai
) (
q̄L

aj
t γ

λqLrbj

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δi4

i6
δa3

a6

(
λA2

)a4

a5

Y
[

p
r ,

s
t

]
λAb

cCLµνλρG
A
L

µν
(
q̄L

cj
s γ

ρqLpai
) (
q̄L

ai
t γ

λqLrbj

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δi4

i5
δa3

a6

(
λA2

)a4

a5

(4.427)
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Class CLFL
2ψ̄2ϕ: 16 types

OCLBL2q̄uRH†

(
q̄L

aj
p uRra

)
ϵijH

†iBλρ
L Bµν

L CLµνλρ Cf5,f6 [56]⟨12⟩2⟨13⟩2δa6
a5 ϵi4i5 (4.428)

OCLBL2eR l̄H

(
l̄L

i
reRp

)
HiB

λρ
L Bµν

L CLµνλρ Cf5,f6 [56]⟨12⟩2⟨13⟩2δi4
i6

(4.429)

OCLBL2dRq̄H

(
q̄L

ai
r dRpa

)
HiB

λρ
L Bµν

L CLµνλρ Cf5,f6 [56]⟨12⟩2⟨13⟩2δi4
i6
δa5

a6
(4.430)

OCLBLWLq̄uRH†

(
q̄L

aj
p uRra

)
τ I k

i ϵjkH
†iBλρ

L CLµνλρW
I
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2δa6
a5 ϵi5k

(
τ I3
)k

i4

(4.431)

OCLBLWLeR l̄H

(
l̄L

j
reRp

)
τ I i

jHiB
λρ
L CLµνλρW

I
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2
(
τ I3
)i4

i6
(4.432)

OCLBLWLdRq̄H

(
q̄L

aj
r dRpa

)
τ I i

jHiB
λρ
L CLµνλρW

I
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2δa5
a6

(
τ I3
)i4

i6
(4.433)

OCLWL2q̄uRH†

(
q̄L

aj
p uRra

)
ϵijH

†iCLµνλρW
I
L

λρW I
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2δa6
a5δ

I2I3ϵi4i5

(4.434)

OCLWL2eR l̄H

(
l̄L

i
reRp

)
HiCLµνλρW

I
L

λρW I
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2δi4
i6
δI2I3 (4.435)

OCLWL2dRq̄H

(
q̄L

ai
r dRpa

)
HiCLµνλρW

I
L

λρW I
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2δi4
i6
δa5

a6δ
I2I3 (4.436)

OCLBLGLq̄uRH†

(
q̄L

aj
p uRrb

)
λAb

aϵijH
†iBλρ

L CLµνλρG
A
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2ϵi4i5

(
λA3

)a6

a5

(4.437)

OCLBLGLdRq̄H

(
q̄L

bi
r dRpa

)
λAa

bHiB
λρ
L CLµνλρG

A
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2δi4
i6

(
λA3

)a5

a6
(4.438)

OCLGLWLq̄uRH†

(
q̄L

aj
p uRrb

)
λAb

aτ
I k

i ϵjkH
†iCLµνλρG

A
L

λρW I
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2ϵi5k
(
τ I3
)k

i4

(
λA2

)a6

a5

(4.439)

OCLGLWLdRq̄H

(
q̄L

bj
r dRpa

)
λAa

bτ
I i

jHiCLµνλρG
A
L

λρW I
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2
(
λA2

)a5

a6

(
τ I3
)i4

i6

(4.440)

O(1,2)
CLGL2q̄uRH†

(
q̄L

aj
p uRra

)
ϵijH

†iCLµνλρG
A
L

λρGA
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2δa6
a5δ

A2A3ϵi4i5(
q̄L

aj
p uRrb

)
dABCλCb

aϵijH
†iCLµνλρG

A
L

λρGB
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2ϵi4i5d
CA2A3

(
λC
)a6

a5

(4.441)

OCLGL2eR l̄H

(
l̄L

i
reRp

)
HiCLµνλρG

A
L

λρGA
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2δi4
i6
δA2A3 (4.442)

O(1,2)
CLGL2dRq̄H

(
q̄L

ai
r dRpa

)
HiCLµνλρG

A
L

λρGA
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2δi4
i6
δa5

a6δ
A2A3(

q̄L
bi
r dRpa

)
dABCλCa

bHiCLµνλρG
A
L

λρGB
L

µν Cf5,f6 [56]⟨12⟩2⟨13⟩2δi4
i6
dCA2A3

(
λC
)a5

a6

(4.443)

Class CL
2ψ2ψ̄2: 21 types

OCL2ē2
Re2

R
Y [ p r , s t ]CLµνλρC

µνλρ
L (ēRpγηeRs) (ēRrγ

ηeRt) C[2],[2]
f3f4,f5f6

[56]⟨12⟩4⟨34⟩ (4.444)

OCL2ēReRll̄ CLµνλρC
µνλρ
L (ēRpγηeRs)

(
l̄L

i
tγ

ηlLri

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δi4

i6
(4.445)

OCL2dRēRlq̄ CLµνλρC
µνλρ
L (ēRpγηdRsa)

(
q̄L

ai
t γ

ηlLri
)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δi4

i6
δa5

a6
(4.446)

OCL2d̄RdRll̄ CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsa

) (
l̄L

i
tγ

ηlLri

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δi4

i6
δa5

a3 (4.447)
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OCL2ll̄ūRuR
CLµνλρC

µνλρ
L

(
l̄L

i
sγηlLpi

)
(ūR

a
rγ

ηuRta) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δi3
i5
δa6

a4 (4.448)

OCL2ēReRqq̄ CLµνλρC
µνλρ
L (ēRpγηeRs)

(
q̄L

ai
t γ

ηqLrai
)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δi4

i6
δa4

a6
(4.449)

OCL2d̄ReR l̄q CLµνλρC
µνλρ
L

(
d̄R

a
pγηeRs

) (
l̄L

i
tγ

ηqLrai

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δi4

i6
δa4

a3 (4.450)

O(1,2)
CL2l2 l̄2

Y [ p r , s t ]CLµνλρC
µνλρ
L

(
l̄L

i
sγηlLpi

) (
l̄L

j
tγ

ηlLrj

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δi3

i5
δi4

i6

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L

(
l̄L

i
sγηlLpi

) (
l̄L

j
tγ

ηlLrj

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δi3

i5
δi4

i6

(4.451)
OCL2d̄RdRēReR

CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsa

)
(ēRrγ

ηeRt) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5
a3 (4.452)

OCL2ēReRūRuR CLµνλρC
µνλρ
L (ēRpγηeRs) (ūR

a
rγ

ηuRta) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa6
a4

(4.453)

O(1,2)
CL2d̄2

Rd2
R

Y [ p r , s t ]CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsa

) (
d̄R

b
rγ

ηdRtb

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δa5

a3δ
a6
a4

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L

(
d̄R

a
pγηdRsa

) (
d̄R

b
rγ

ηdRtb

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δa5

a3δ
a6
a4

(4.454)

O(1,2)
CL2d̄RdRūRuR

CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsa

) (
ūR

b
rγ

ηuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5

a3δ
a6
a4

CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsb

) (
ūR

b
rγ

ηuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa6

a3δ
a5
a4

(4.455)

O(1,2)
CL2ū2

Ru2
R

Y [ p r , s t ]CLµνλρC
µνλρ
L

(
ūR

a
pγηuRsa

) (
ūR

b
rγ

ηuRtb

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δa5

a3δ
a6
a4

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L

(
ūR

a
pγηuRsa

) (
ūR

b
rγ

ηuRtb

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δa5

a3δ
a6
a4

(4.456)
OCL2ēRq̄2ūR Y [ r s ] ϵabcϵijCLµνλρC

µνλρ
L

(
ēRpγηCq̄L

bi
s

) (
ūR

a
rγ

ηCq̄L
cj
t

)
C[2]

f3,f4,f5f6
[56]⟨12⟩4⟨34⟩ϵi5i6ϵa4a5a6

(4.457)
OCL2d̄R l̄q̄ūR

ϵabcϵijCLµνλρC
µνλρ
L

(
d̄R

a
pγηCl̄L

i
s

) (
ūR

b
rγ

ηCq̄L
cj
t

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ϵi5i6ϵa3a4a6

(4.458)
OCL2dRlquR ϵabcϵijCLµνλρC

µνλρ
L (lLpiCγηdRsb) (qLrajCγ

ηuRtc) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ϵi3i4ϵa4a5a6

(4.459)
OCL2eRq2uR Y [ r s ] ϵabcϵijCLµνλρC

µνλρ
L (qLpaiCγηeRs) (qLrbjCγ

ηuRtc) C[2]
f3f4,f5,f6

[56]⟨12⟩4⟨34⟩ϵi3i4ϵa3a4a6

(4.460)

O(1,2)
CL2ll̄qq̄

CLµνλρC
µνλρ
L

(
l̄L

i
sγηlLpi

) (
q̄L

aj
t γ

ηqLraj

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δi3

i5
δi4

i6
δa4

a6

CLµνλρC
µνλρ
L

(
l̄L

j
sγηlLpi

) (
q̄L

ai
t γ

ηqLraj
)

Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δi3
i6
δi4

i5
δa4

a6

(4.461)

O(1,2)
CL2d̄RdRqq̄

CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsa

) (
q̄L

bi
t γ

ηqLrbi

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δi4

i6
δa5

a3δ
a4
a6

CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsc

) (
q̄L

ci
t γ

ηqLrai
)

Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δi4
i6
δa4

a3δ
a5
a6

(4.462)

O(1,2)
CL2qq̄ūRuR

CLµνλρC
µνλρ
L

(
q̄L

ci
s γηqLpai

)
(ūR

a
rγ

ηuRtc) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δi3
i5
δa3

a4δ
a6
a5

CLµνλρC
µνλρ
L

(
q̄L

ai
s γηqLpai

) (
ūR

b
rγ

ηuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δi3

i5
δa3

a5δ
a6
a4

(4.463)
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O(1∼4)
CL2q2q̄2

Y [ p r , s t ]CLµνλρC
µνλρ
L

(
q̄L

ai
s γηqLpai

) (
q̄L

bj
t γ

ηqLrbj

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δi3

i5
δi4

i6
δa3

a5δ
a4
a6

Y [ p r , s t ]CLµνλρC
µνλρ
L

(
q̄L

aj
s γηqLpai

) (
q̄L

bi
t γ

ηqLrbj

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δi3

i6
δi4

i5
δa3

a5δ
a4
a6

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L

(
q̄L

ai
s γηqLpai

) (
q̄L

bj
t γ

ηqLrbj

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δi3

i5
δi4

i6
δa3

a5δ
a4
a6

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L

(
q̄L

aj
s γηqLpai

) (
q̄L

bi
t γ

ηqLrbj

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δi3

i6
δi4

i5
δa3

a5δ
a4
a6

(4.464)

Class CL
3ψ̄2ϕ: 3 types

OCL3q̄uRH†

(
q̄L

aj
p uRra

)
ϵijH

†iCLµνλρC
µνηξ
L CLηξ

λρ Cf5,f6 [56]⟨12⟩2⟨13⟩2⟨23⟩2δa6
a5 ϵi4i5

(4.465)

OCL3eR l̄H

(
l̄L

i
reRp

)
HiCLµνλρC

µνηξ
L CLηξ

λρ Cf5,f6 [56]⟨12⟩2⟨13⟩2⟨23⟩2δi4
i6

(4.466)

OCL3dRq̄H

(
q̄L

ai
r dRpa

)
HiCLµνλρC

µνηξ
L CLηξ

λρ Cf5,f6 [56]⟨12⟩2⟨13⟩2⟨23⟩2δi4
i6
δa5

a6
(4.467)

Class CLψ
3ψ̄ϕD: 23 types

O(1∼3)
CLē2

ReRlH†D

Y [ p r ]H†iCLνλρ
µ ((DµēRp) γρeRt)

(
ēRrσ

νλlLsi

)
C[2]

f2f3,f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi4

i5

Y
[

p
r

]
H†iCLνλρ

µ ((DµēRp) γρeRt)
(
ēRrσ

νλlLsi

)
C[1,1]

f2f3,f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi4

i5

Y
[

p
r

]
H†iCLνλρ

µ (ēRpγ
ρeRt)

(
ēRrσ

νλ (DµlLsi)
)

C[1,1]
f2f3,f4,f6

[46]⟨12⟩⟨13⟩⟨14⟩2δi4
i5

(4.468)

O(1∼6)
CLēRl2 l̄H†D

Y [ r s ]H†iCLνλρ
µ
(
l̄L

j
tγ

ρC (DµēRp)
) (
lLriCσ

νλlLsj

)
C[2]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi3

i5
δi4

i6

Y [ r s ]H†iCLνλρ
µ
(
l̄L

j
tγ

ρCēRp

) (
(DµlLri)CσνλlLsj

)
C[2]

f2,f3f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2δi3

i5
δi4

i6

Y [ r s ]H†iCLνλρ
µ
(
l̄L

j
tγ

ρCēRp

) (
lLriCσ

νλ (DµlLsj)
)
C[2]

f2,f3f4,f6
[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi3

i5
δi4

i6

Y
[

r
s

]
H†iCLνλρ

µ
(
l̄L

j
tγ

ρC (DµēRp)
) (
lLriCσ

νλlLsj

)
C[1,1]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi3

i5
δi4

i6

Y
[

r
s

]
H†iCLνλρ

µ
(
l̄L

j
tγ

ρCēRp

) (
(DµlLri)CσνλlLsj

)
C[1,1]

f2,f3f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2δi3

i5
δi4

i6

Y
[

r
s

]
H†iCLνλρ

µ
(
l̄L

j
tγ

ρCēRp

) (
lLriCσ

νλ (DµlLsj)
)

C[1,1]
f2,f3f4,f6

[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi3
i5
δi4

i6

(4.469)

O(1∼3)
CLd̄RdRēRlH†D

H†iCLνλρ
µ
((
Dµd̄R

a
p

)
γρdRta

) (
ēRrσ

νλlLsi

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δi4

i5
δa6

a2

H†iCLνλρ
µ
(
d̄R

a
pγ

ρdRta

) (
(DµēRr)σνλlLsi

)
Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δi4

i5
δa6

a2

H†iCLνλρ
µ
(
d̄R

a
pγ

ρdRta

) (
ēRrσ

νλ (DµlLsi)
)

Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i4
i5
δa6

a2

(4.470)

O(1∼3)
CLēRlūRuRH†D

H†iCLνλρ
µ ((DµēRp) γρuRta)

(
ūR

a
sσ

νλlLri

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δi3

i5
δa6

a4

H†iCLνλρ
µ (ēRpγ

ρuRta)
(
ūR

a
sσ

νλ (DµlLri)
)
Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δi3

i5
δa6

a4

H†iCLνλρ
µ (ēRpγ

ρuRta)
(
(DµūR

a
s)σνλlLri

)
Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i3
i5
δa6

a4

(4.471)

O(1∼3)
CLd̄RēReRqH†D

H†iCLνλρ
µ
((
Dµd̄R

a
p

)
γρeRt

) (
ēRrσ

νλqLsai

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δi4

i5
δa4

a2

H†iCLνλρ
µ
(
d̄R

a
pγ

ρeRt

) (
(DµēRr)σνλqLsai

)
Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δi4

i5
δa4

a2

H†iCLνλρ
µ
(
d̄R

a
pγ

ρeRt

) (
ēRrσ

νλ (DµqLsai)
)

Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i4
i5
δa4

a2

(4.472)
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O(1∼3)
CLdRēRlūRHD

ϵijHjCLνλρ
µ ((DµēRp) γρdRta)

(
ūR

a
sσ

νλlLri

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δa6

a4 ϵ
i3i5

ϵijHjCLνλρ
µ (ēRpγ

ρdRta)
(
ūR

a
sσ

νλ (DµlLri)
)
Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δa6

a4 ϵ
i3i5

ϵijHjCLνλρ
µ (ēRpγ

ρdRta)
(
(DµūR

a
s)σνλlLri

)
Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa6

a4 ϵ
i3i5

(4.473)

O(1∼3)
CLēReRqūRHD

ϵijHjCLνλρ
µ ((DµēRp) γρeRt)

(
ūR

a
sσ

νλqLrai

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δa3

a4 ϵ
i3i5

ϵijHjCLνλρ
µ (ēRpγ

ρeRt)
(
ūR

a
sσ

νλ (DµqLrai)
)
Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δa3

a4 ϵ
i3i5

ϵijHjCLνλρ
µ (ēRpγ

ρeRt)
(
(DµūR

a
s)σνλqLrai

)
Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3

a4 ϵ
i3i5

(4.474)

O(1∼3)
CLd̄RēRq̄ūRH†D

ϵabcϵijH
†iCLνλρ

µ
(
q̄L

cj
t γ

ρC
(
Dµd̄R

a
p

)) (
ēRrσ

νλCūR
b
s

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩ϵi5i6ϵa2a4a6

ϵabcϵijH
†iCLνλρ

µ
(
q̄L

cj
t γ

ρCd̄R
a
p

) (
(DµēRr)σνλCūR

b
s

)
Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2ϵi5i6ϵa2a4a6

ϵabcϵijH
†iCLνλρ

µ
(
q̄L

cj
t γ

ρCd̄R
a
p

) (
ēRrσ

νλC
(
DµūR

b
s

))
Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵi5i6ϵa2a4a6

(4.475)

O(1∼3)
CLd̄2

R l̄ūRH†D

Y [ p r ] ϵabcϵijH
†iCLνλρ

µ
(
l̄L

j
tγ

ρC
(
Dµd̄R

a
p

)) (
d̄R

b
rσ

νλCūR
c
s

)
C[2]

f2f3,f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩ϵi5i6ϵa2a3a4

Y [ p r ] ϵabcϵijH
†iCLνλρ

µ
(
l̄L

j
tγ

ρCd̄R
a
p

) (
d̄R

b
rσ

νλC (DµūR
c
s)
)

C[2]
f2f3,f4,f6

[46]⟨12⟩⟨13⟩⟨14⟩2ϵi5i6ϵa2a3a4

Y
[

p
r

]
ϵabcϵijH

†iCLνλρ
µ
(
l̄L

j
tγ

ρC
(
Dµd̄R

a
p

)) (
d̄R

b
rσ

νλCūR
c
s

)
C[1,1]

f2f3,f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩ϵi5i6ϵa2a3a4

(4.476)

O(1∼3)
CLēRq̄ū2

RHD

Y [ s t ] ϵabcHiCLνλρ
µ
(
q̄L

ci
t γ

ρC (DµēRp)
) (
ūR

a
rσ

νλCūR
b
s

)
C[2]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi5

i6
ϵa3a4a6

Y [ s t ] ϵabcHiCLνλρ
µ
(
q̄L

ci
t γ

ρCēRp
) (

(DµūR
a
r)σνλCūR

b
s

)
C[2]

f2,f3f4,f6
[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi5

i6
ϵa3a4a6

Y
[

s
t

]
ϵabcHiCLνλρ

µ
(
q̄L

ci
t γ

ρCēRp
) (

(DµūR
a
r)σνλCūR

b
s

)
C[1,1]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi5

i6
ϵa3a4a6

(4.477)

O(1∼3)
CLd̄R l̄ū2

RHD

Y [ s t ] ϵabcHiCLνλρ
µ
(
l̄L

i
tγ

ρC
(
Dµd̄R

a
p

)) (
ūR

b
rσ

νλCūR
c
s

)
C[2]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi5

i6
ϵa2a3a4

Y [ s t ] ϵabcHiCLνλρ
µ
(
l̄L

i
tγ

ρCd̄R
a
p

) ((
DµūR

b
r

)
σνλCūR

c
s

)
C[2]

f2,f3f4,f6
[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi5

i6
ϵa2a3a4

Y
[

s
t

]
ϵabcHiCLνλρ

µ
(
l̄L

i
tγ

ρCd̄R
a
p

) ((
DµūR

b
r

)
σνλCūR

c
s

)
C[1,1]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi5

i6
ϵa2a3a4

(4.478)

O(1∼6)
CLēRlqq̄H†D

H†iCLνλρ
µ
(
q̄L

aj
t γ

ρC (DµēRp)
) (
lLriCσ

νλqLsaj

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δi3

i5
δi4

i6
δa4

a6

H†iCLνλρ
µ
(
q̄L

aj
t γ

ρCēRp

) (
(DµlLri)CσνλqLsaj

)
Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δi3

i5
δi4

i6
δa4

a6

H†iCLνλρ
µ
(
q̄L

aj
t γ

ρCēRp

) (
lLriCσ

νλ (DµqLsaj)
)
Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i3
i5
δi4

i6
δa4

a6

H†jCLνλρ
µ
(
q̄L

ai
t γ

ρC (DµēRp)
) (
lLriCσ

νλqLsaj

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δi3

i6
δi4

i5
δa4

a6

H†jCLνλρ
µ
(
q̄L

ai
t γ

ρCēRp
) (

(DµlLri)CσνλqLsaj

)
Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δi3

i6
δi4

i5
δa4

a6

H†jCLνλρ
µ
(
q̄L

ai
t γ

ρCēRp
) (
lLriCσ

νλ (DµqLsaj)
)

Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i3
i6
δi4

i5
δa4

a6

(4.479)

O(1∼6)
CLd̄Rll̄qH†D

H†iCLνλρ
µ
(
l̄L

j
tγ

ρC
(
Dµd̄R

a
p

)) (
lLriCσ

νλqLsaj

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δi3

i5
δi4

i6
δa4

a2

H†iCLνλρ
µ
(
l̄L

j
tγ

ρCd̄R
a
p

) (
(DµlLri)CσνλqLsaj

)
Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δi3

i5
δi4

i6
δa4

a2

H†iCLνλρ
µ
(
l̄L

j
tγ

ρCd̄R
a
p

) (
lLriCσ

νλ (DµqLsaj)
)

Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i3
i5
δi4

i6
δa4

a2

H†jCLνλρ
µ
(
l̄L

i
tγ

ρC
(
Dµd̄R

a
p

)) (
lLriCσ

νλqLsaj

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δi3

i6
δi4

i5
δa4

a2

H†jCLνλρ
µ
(
l̄L

i
tγ

ρCd̄R
a
p

) (
(DµlLri)CσνλqLsaj

)
Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δi3

i6
δi4

i5
δa4

a2

H†jCLνλρ
µ
(
l̄L

i
tγ

ρCd̄R
a
p

) (
lLriCσ

νλ (DµqLsaj)
)

Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i3
i6
δi4

i5
δa4

a2

(4.480)
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O(1∼6)
CLd̄2

RdRqH†D

Y [ p r ]H†iCLνλρ
µ
((
Dµd̄R

a
p

)
γρdRtb

) (
d̄R

b
rσ

νλqLsai

)
C[2]

f2f3,f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi4

i5
δa4

a2δ
a6
a3

Y [ p r ]H†iCLνλρ
µ
(
d̄R

a
pγ

ρdRtb

) ((
Dµd̄R

b
r

)
σνλqLsai

)
C[2]

f2f3,f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2δi4

i5
δa4

a2δ
a6
a3

Y [ p r ]H†iCLνλρ
µ
(
d̄R

a
pγ

ρdRtb

) (
d̄R

b
rσ

νλ (DµqLsai)
)

C[2]
f2f3,f4,f6

[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi4
i5
δa4

a2δ
a6
a3

Y
[

p
r

]
H†iCLνλρ

µ
((
Dµd̄R

a
p

)
γρdRtb

) (
d̄R

b
rσ

νλqLsai

)
C[1,1]

f2f3,f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi4

i5
δa4

a2δ
a6
a3

Y
[

p
r

]
H†iCLνλρ

µ
(
d̄R

a
pγ

ρdRtb

) ((
Dµd̄R

b
r

)
σνλqLsai

)
C[1,1]

f2f3,f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2δi4

i5
δa4

a2δ
a6
a3

Y
[

p
r

]
H†iCLνλρ

µ
(
d̄R

a
pγ

ρdRtb

) (
d̄R

b
rσ

νλ (DµqLsai)
)

C[1,1]
f2f3,f4,f6

[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi4
i5
δa4

a2δ
a6
a3

(4.481)

O(1∼6)
CLd̄RqūRuRH†D

H†iCLνλρ
µ
((
Dµd̄R

a
p

)
γρuRtc

) (
ūR

c
sσ

νλqLrai

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δi3

i5
δa3

a2δ
a6
a4

H†iCLνλρ
µ
(
d̄R

a
pγ

ρuRtc

) (
ūR

c
sσ

νλ (DµqLrai)
)

Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δi3
i5
δa3

a2δ
a6
a4

H†iCLνλρ
µ
(
d̄R

a
pγ

ρuRtc

) (
(DµūR

c
s)σνλqLrai

)
Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i3
i5
δa3

a2δ
a6
a4

H†iCLνλρ
µ
((
Dµd̄R

a
p

)
γρuRta

) (
ūR

b
sσ

νλqLrbi

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δi3

i5
δa6

a2δ
a3
a4

H†iCLνλρ
µ
(
d̄R

a
pγ

ρuRta

) (
ūR

b
sσ

νλ (DµqLrbi)
)

Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δi3
i5
δa6

a2δ
a3
a4

H†iCLνλρ
µ
(
d̄R

a
pγ

ρuRta

) ((
DµūR

b
s

)
σνλqLrbi

)
Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i3
i5
δa6

a2δ
a3
a4

(4.482)

O(1∼6)
CLll̄qūRHD

ϵjkHkCLνλρ
µ
(
l̄L

i
tγ

ρ (DµlLpi)
) (
ūR

a
sσ

νλqLraj

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δi2

i6
δa3

a4 ϵ
i5i3

ϵjkHkCLνλρ
µ
(
l̄L

i
tγ

ρlLpi

) (
ūR

a
sσ

νλ (DµqLraj)
)
Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δi2

i6
δa3

a4 ϵ
i5i3

ϵjkHkCLνλρ
µ
(
l̄L

i
tγ

ρlLpi

) (
(DµūR

a
s)σνλqLraj

)
Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i2
i6
δa3

a4 ϵ
i5i3

ϵijHkCLνλρ
µ
(
l̄L

k
t γ

ρ (DµlLpi)
) (
ūR

a
sσ

νλqLraj

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δi5

i6
δa3

a4 ϵ
i2i3

ϵijHkCLνλρ
µ
(
l̄L

k
t γ

ρlLpi

) (
ūR

a
sσ

νλ (DµqLraj)
)
Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δi5

i6
δa3

a4 ϵ
i2i3

ϵijHkCLνλρ
µ
(
l̄L

k
t γ

ρlLpi

) (
(DµūR

a
s)σνλqLraj

)
Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i5
i6
δa3

a4 ϵ
i2i3

(4.483)

O(1∼6)
CLd̄RdRqūRHD

ϵijHjCLνλρ
µ
((
Dµd̄R

a
p

)
γρdRtc

) (
ūR

c
sσ

νλqLrai

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δa3

a2δ
a6
a4 ϵ

i3i5

ϵijHjCLνλρ
µ
(
d̄R

a
pγ

ρdRtc

) (
ūR

c
sσ

νλ (DµqLrai)
)

Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δa3
a2δ

a6
a4 ϵ

i3i5

ϵijHjCLνλρ
µ
(
d̄R

a
pγ

ρdRtc

) (
(DµūR

c
s)σνλqLrai

)
Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3

a2δ
a6
a4 ϵ

i3i5

ϵijHjCLνλρ
µ
((
Dµd̄R

a
p

)
γρdRta

) (
ūR

b
sσ

νλqLrbi

)
Cf2,f3,f4,f6 [36]⟨12⟩⟨13⟩2⟨14⟩δa6

a2δ
a3
a4 ϵ

i3i5

ϵijHjCLνλρ
µ
(
d̄R

a
pγ

ρdRta

) (
ūR

b
sσ

νλ (DµqLrbi)
)

Cf2,f3,f4,f6 [46]⟨12⟩⟨13⟩⟨14⟩2δa6
a2δ

a3
a4 ϵ

i3i5

ϵijHjCLνλρ
µ
(
d̄R

a
pγ

ρdRta

) ((
DµūR

b
s

)
σνλqLrbi

)
Cf2,f3,f4,f6 [56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa6

a2δ
a3
a4 ϵ

i3i5

(4.484)

O(1∼6)
CLqū2

RuRHD

Y [ r s ] ϵijHjCLνλρ
µ (uRtcCγ

ρ (DµqLpai))
(
ūR

a
rσ

νλCūR
c
s

)
C[2]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δa2

a3δ
a6
a4 ϵ

i2i5

Y [ r s ] ϵijHjCLνλρ
µ (uRtcCγ

ρqLpai)
(
(DµūR

a
r)σνλCūR

c
s

)
C[2]

f2,f3f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2δa2

a3δ
a6
a4 ϵ

i2i5

Y [ r s ] ϵijHjCLνλρ
µ (uRtcCγ

ρqLpai)
(
ūR

a
rσ

νλC (DµūR
c
s)
)
C[2]

f2,f3f4,f6
[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2

a3δ
a6
a4 ϵ

i2i5

Y
[

r
s

]
ϵijHjCLνλρ

µ (uRtcCγ
ρ (DµqLpai))

(
ūR

a
rσ

νλCūR
c
s

)
C[1,1]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δa2

a3δ
a6
a4 ϵ

i2i5

Y
[

r
s

]
ϵijHjCLνλρ

µ (uRtcCγ
ρqLpai)

(
(DµūR

a
r)σνλCūR

c
s

)
C[1,1]

f2,f3f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2δa2

a3δ
a6
a4 ϵ

i2i5

Y
[

r
s

]
ϵijHjCLνλρ

µ (uRtcCγ
ρqLpai)

(
ūR

a
rσ

νλC (DµūR
c
s)
)

C[1,1]
f2,f3f4,f6

[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2
a3δ

a6
a4 ϵ

i2i5

(4.485)

O(1∼6)
CLlq2uRH†D

Y [ r s ] ϵabcϵjkH†iCLνλρ
µ (uRtcCγ

ρlLpi)
(
(DµqLraj)CσνλqLsbk

)
C[2]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi2

i5
ϵi4i3ϵa3a4a6

Y [ r s ] ϵabcϵijH†kCLνλρ
µ (uRtcCγ

ρ (DµlLpi))
(
qLrajCσ

νλqLsbk

)
C[2]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi4

i5
ϵi2i3ϵa3a4a6

Y [ r s ] ϵabcϵijH†kCLνλρ
µ (uRtcCγ

ρlLpi)
(
(DµqLraj)CσνλqLsbk

)
C[2]

f2,f3f4,f6
[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi4

i5
ϵi2i3ϵa3a4a6

Y
[

r
s

]
ϵabcϵjkH†iCLνλρ

µ (uRtcCγ
ρ (DµlLpi))

(
qLrajCσ

νλqLsbk

)
C[1,1]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi2

i5
ϵi4i3ϵa3a4a6

Y
[

r
s

]
ϵabcϵjkH†iCLνλρ

µ (uRtcCγ
ρlLpi)

(
(DµqLraj)CσνλqLsbk

)
C[1,1]

f2,f3f4,f6
[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi2

i5
ϵi4i3ϵa3a4a6

Y
[

r
s

]
ϵabcϵijH†kCLνλρ

µ (uRtcCγ
ρlLpi)

(
(DµqLraj)CσνλqLsbk

)
C[1,1]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi4

i5
ϵi2i3ϵa3a4a6

(4.486)
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O(1∼6)
CLdRlq2HD

Y [ s t ] ϵabcϵikϵjlHlCLνλρ
µ (dRtcCγ

ρ (DµlLpi))
(
qLrajCσ

νλqLsbk

)
C[2]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩ϵi2i4ϵi3i5ϵa3a4a6

Y [ s t ] ϵabcϵikϵjlHlCLνλρ
µ (dRtcCγ

ρlLpi)
(
(DµqLraj)CσνλqLsbk

)
C[2]

f2,f3f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2ϵi2i4ϵi3i5ϵa3a4a6

Y [ s t ] ϵabcϵikϵjlHlCLνλρ
µ (dRtcCγ

ρlLpi)
(
qLrajCσ

νλ (DµqLsbk)
)
C[2]

f2,f3f4,f6
[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵi2i4ϵi3i5ϵa3a4a6

Y
[

s
t

]
ϵabcϵikϵjlHlCLνλρ

µ (dRtcCγ
ρ (DµlLpi))

(
qLrajCσ

νλqLsbk

)
C[1,1]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩ϵi2i4ϵi3i5ϵa3a4a6

Y
[

s
t

]
ϵabcϵikϵjlHlCLνλρ

µ (dRtcCγ
ρlLpi)

(
(DµqLraj)CσνλqLsbk

)
C[1,1]

f2,f3f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2ϵi2i4ϵi3i5ϵa3a4a6

Y
[

s
t

]
ϵabcϵikϵjlHlCLνλρ

µ (dRtcCγ
ρlLpi)

(
qLrajCσ

νλ (DµqLsbk)
)

C[1,1]
f2,f3f4,f6

[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵi2i4ϵi3i5ϵa3a4a6

(4.487)

O(1∼4)
CLeRq3HD

Y [ r s t ] ϵabcϵikϵjlHlCLνλρ
µ (eRtCγ

ρ (DµqLpai))
(
qLrbjCσ

νλqLsck

)
C[3]

f2f3f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2ϵi2i4ϵi3i5ϵa2a3a4

Y
[

r s
t

]
ϵabcϵikϵjlHlCLνλρ

µ (eRtCγ
ρ (DµqLpai))

(
qLrbjCσ

νλqLsck

)
C[2,1]

f2f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩ϵi2i4ϵi3i5ϵa2a3a4

Y
[

r s
t

]
ϵabcϵikϵjlHlCLνλρ

µ (eRtCγ
ρqLpai)

(
(DµqLrbj)CσνλqLsck

)
C[2,1]

f2f3f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2ϵi2i4ϵi3i5ϵa2a3a4

Y
[

r
s
t

]
ϵabcϵikϵjlHlCLνλρ

µ (eRtCγ
ρ (DµqLpai))

(
qLrbjCσ

νλqLsck

)
C[1,1,1]

f2f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩ϵi2i4ϵi3i5ϵa2a3a4

(4.488)

O(1∼12)
CLd̄Rq2q̄H†D

Y [ r s ]H†iCLνλρ
µ
(
q̄L

bj
t γ

ρC
(
Dµd̄R

a
p

)) (
qLrbiCσ

νλqLsaj

)
C[2]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi3

i5
δi4

i6
δa4

a2δ
a3
a6

Y [ r s ]H†iCLνλρ
µ
(
q̄L

bj
t γ

ρCd̄R
a
p

) (
(DµqLrbi)CσνλqLsaj

)
C[2]

f2,f3f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2δi3

i5
δi4

i6
δa4

a2δ
a3
a6

Y [ r s ]H†iCLνλρ
µ
(
q̄L

bj
t γ

ρCd̄R
a
p

) (
qLrbiCσ

νλ (DµqLsaj)
)

C[2]
f2,f3f4,f6

[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi3
i5
δi4

i6
δa4

a2δ
a3
a6

Y [ r s ]H†jCLνλρ
µ
(
q̄L

bi
t γ

ρC
(
Dµd̄R

a
p

)) (
qLrbiCσ

νλqLsaj

)
C[2]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi3

i6
δi4

i5
δa4

a2δ
a3
a6

Y [ r s ]H†jCLνλρ
µ
(
q̄L

bi
t γ

ρCd̄R
a
p

) (
(DµqLrbi)CσνλqLsaj

)
C[2]

f2,f3f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2δi3

i6
δi4

i5
δa4

a2δ
a3
a6

Y [ r s ]H†jCLνλρ
µ
(
q̄L

bi
t γ

ρCd̄R
a
p

) (
qLrbiCσ

νλ (DµqLsaj)
)

C[2]
f2,f3f4,f6

[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi3
i6
δi4

i5
δa4

a2δ
a3
a6

Y
[

r
s

]
H†iCLνλρ

µ
(
q̄L

bj
t γ

ρC
(
Dµd̄R

a
p

)) (
qLrbiCσ

νλqLsaj

)
C[1,1]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi3

i5
δi4

i6
δa4

a2δ
a3
a6

Y
[

r
s

]
H†iCLνλρ

µ
(
q̄L

bj
t γ

ρCd̄R
a
p

) (
(DµqLrbi)CσνλqLsaj

)
C[1,1]

f2,f3f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2δi3

i5
δi4

i6
δa4

a2δ
a3
a6

Y
[

r
s

]
H†iCLνλρ

µ
(
q̄L

bj
t γ

ρCd̄R
a
p

) (
qLrbiCσ

νλ (DµqLsaj)
)

C[1,1]
f2,f3f4,f6

[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi3
i5
δi4

i6
δa4

a2δ
a3
a6

Y
[

r
s

]
H†jCLνλρ

µ
(
q̄L

bi
t γ

ρC
(
Dµd̄R

a
p

)) (
qLrbiCσ

νλqLsaj

)
C[1,1]

f2,f3f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi3

i6
δi4

i5
δa4

a2δ
a3
a6

Y
[

r
s

]
H†jCLνλρ

µ
(
q̄L

bi
t γ

ρCd̄R
a
p

) (
(DµqLrbi)CσνλqLsaj

)
C[1,1]

f2,f3f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2δi3

i6
δi4

i5
δa4

a2δ
a3
a6

Y
[

r
s

]
H†jCLνλρ

µ
(
q̄L

bi
t γ

ρCd̄R
a
p

) (
qLrbiCσ

νλ (DµqLsaj)
)

C[1,1]
f2,f3f4,f6

[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi3
i6
δi4

i5
δa4

a2δ
a3
a6

(4.489)

O(1∼12)
CLq2q̄ūRHD

Y [ p r ] ϵjkHkCLνλρ
µ
(
q̄L

bi
t γ

ρ (DµqLpai)
) (
ūR

a
sσ

νλqLrbj

)
C[2]

f2f3,f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi2

i6
δa2

a4δ
a3
a6 ϵ

i5i3

Y [ p r ] ϵjkHkCLνλρ
µ
(
q̄L

bi
t γ

ρqLpai

) (
ūR

a
sσ

νλ (DµqLrbj)
)
C[2]

f2f3,f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2δi2

i6
δa2

a4δ
a3
a6 ϵ

i5i3

Y [ p r ] ϵjkHkCLνλρ
µ
(
q̄L

bi
t γ

ρqLpai

) (
(DµūR

a
s)σνλqLrbj

)
C[2]

f2f3,f4,f6
[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi2

i6
δa2

a4δ
a3
a6 ϵ

i5i3

Y [ p r ] ϵijHkCLνλρ
µ
(
q̄L

bk
t γ

ρ (DµqLpai)
) (
ūR

a
sσ

νλqLrbj

)
C[2]

f2f3,f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi5

i6
δa2

a4δ
a3
a6 ϵ

i2i3

Y [ p r ] ϵijHkCLνλρ
µ
(
q̄L

bk
t γ

ρqLpai

) (
ūR

a
sσ

νλ (DµqLrbj)
)
C[2]

f2f3,f4,f6
[46]⟨12⟩⟨13⟩⟨14⟩2δi5

i6
δa2

a4δ
a3
a6 ϵ

i2i3

Y [ p r ] ϵijHkCLνλρ
µ
(
q̄L

bk
t γ

ρqLpai

) (
(DµūR

a
s)σνλqLrbj

)
C[2]

f2f3,f4,f6
[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi5

i6
δa2

a4δ
a3
a6 ϵ

i2i3

Y
[

p
r

]
ϵjkHkCLνλρ

µ
(
q̄L

bi
t γ

ρ (DµqLpai)
) (
ūR

a
sσ

νλqLrbj

)
C[1,1]

f2f3,f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi2

i6
δa2

a4δ
a3
a6 ϵ

i5i3

Y
[

p
r

]
ϵjkHkCLνλρ

µ
(
q̄L

bi
t γ

ρqLpai

) (
ūR

a
sσ

νλ (DµqLrbj)
)

C[1,1]
f2f3,f4,f6

[46]⟨12⟩⟨13⟩⟨14⟩2δi2
i6
δa2

a4δ
a3
a6 ϵ

i5i3

Y
[

p
r

]
ϵjkHkCLνλρ

µ
(
q̄L

bi
t γ

ρqLpai

) (
(DµūR

a
s)σνλqLrbj

)
C[1,1]

f2f3,f4,f6
[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi2

i6
δa2

a4δ
a3
a6 ϵ

i5i3

Y
[

p
r

]
ϵijHkCLνλρ

µ
(
q̄L

bk
t γ

ρ (DµqLpai)
) (
ūR

a
sσ

νλqLrbj

)
C[1,1]

f2f3,f4,f6
[36]⟨12⟩⟨13⟩2⟨14⟩δi5

i6
δa2

a4δ
a3
a6 ϵ

i2i3

Y
[

p
r

]
ϵijHkCLνλρ

µ
(
q̄L

bk
t γ

ρqLpai

) (
ūR

a
sσ

νλ (DµqLrbj)
)

C[1,1]
f2f3,f4,f6

[46]⟨12⟩⟨13⟩⟨14⟩2δi5
i6
δa2

a4δ
a3
a6 ϵ

i2i3

Y
[

p
r

]
ϵijHkCLνλρ

µ
(
q̄L

bk
t γ

ρqLpai

) (
(DµūR

a
s)σνλqLrbj

)
C[1,1]

f2f3,f4,f6
[56]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi5

i6
δa2

a4δ
a3
a6 ϵ

i2i3

(4.490)

Class CLFLψψ̄ϕ
2D: 19 types

O(1∼3)
CLBLēReRHH†D

HiH
†iCLνλρ

µ
(
DµB

νλ
L

)
(ēRpγ

ρeRr) Cf3,f6 [36]⟨12⟩2⟨13⟩2δi4
i5

HiH
†iBνλ

L CLνλρ
µ ((DµēRp) γρeRr) Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi4

i5

H†iBνλ
L CLνλρ

µ (DµHi) (ēRpγ
ρeRr) Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi4

i5

(4.491)
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J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

O(1∼6)
CLBLll̄HH†D

HjH
†iCLνλρ

µ
(
DµB

νλ
L

) (
l̄L

j
rγ

ρlLpi

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi3

i5
δi4

i6

HjH
†iBνλ

L CLνλρ
µ
(
l̄L

j
rγ

ρ (DµlLpi)
)

Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi3
i5
δi4

i6

H†iBνλ
L CLνλρ

µ (DµHj)
(
l̄L

j
rγ

ρlLpi

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δi4

i6

HjH
†jCLνλρ

µ
(
DµB

νλ
L

) (
l̄L

i
rγ

ρlLpi

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi3

i6
δi4

i5

HjH
†jBνλ

L CLνλρ
µ
(
l̄L

i
rγ

ρ (DµlLpi)
)

Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi3
i6
δi4

i5

H†jBνλ
L CLνλρ

µ (DµHj)
(
l̄L

i
rγ

ρlLpi

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δi4

i5

(4.492)

OCLBLd̄RuRH†2D ϵijH
†jBνλ

L CLνλρ
µ
(
DµH

†i
) (
d̄R

a
pγ

ρuRra

)
Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δa6

a3 ϵi4i5

(4.493)

O(1∼3)
CLBLd̄RdRHH†D

HiH
†iCLνλρ

µ
(
DµB

νλ
L

) (
d̄R

a
pγ

ρdRra

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi4

i5
δa6

a3

HiH
†iBνλ

L CLνλρ
µ
((
Dµd̄R

a
p

)
γρdRra

)
Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi4

i5
δa6

a3

H†iBνλ
L CLνλρ

µ (DµHi)
(
d̄R

a
pγ

ρdRra

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi4

i5
δa6

a3

(4.494)

O(1∼3)
CLBLūRuRHH†D

HiH
†iCLνλρ

µ
(
DµB

νλ
L

) (
ūR

a
pγ

ρuRra

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi4

i5
δa6

a3

HiH
†iBνλ

L CLνλρ
µ
((
DµūR

a
p

)
γρuRra

)
Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi4

i5
δa6

a3

H†iBνλ
L CLνλρ

µ (DµHi)
(
ūR

a
pγ

ρuRra

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi4

i5
δa6

a3

(4.495)

OCLBLdRūRH2D ϵijHjB
νλ
L CLνλρ

µ (DµHi)
(
ūR

a
pγ

ρdRra

)
Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δa6

a3 ϵ
i4i5

(4.496)

O(1∼6)
CLBLqq̄HH†D

HjH
†iCLνλρ

µ
(
DµB

νλ
L

) (
q̄L

aj
r γ

ρqLpai
)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi3

i5
δi4

i6
δa3

a6

HjH
†iBνλ

L CLνλρ
µ
(
q̄L

aj
r γ

ρ (DµqLpai)
)

Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi3
i5
δi4

i6
δa3

a6

H†iBνλ
L CLνλρ

µ (DµHj)
(
q̄L

aj
r γ

ρqLpai
)

Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi3
i5
δi4

i6
δa3

a6

HjH
†jCLνλρ

µ
(
DµB

νλ
L

) (
q̄L

ai
r γ

ρqLpai
)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi3

i6
δi4

i5
δa3

a6

HjH
†jBνλ

L CLνλρ
µ
(
q̄L

ai
r γ

ρ (DµqLpai)
)

Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi3
i6
δi4

i5
δa3

a6

H†jBνλ
L CLνλρ

µ (DµHj)
(
q̄L

ai
r γ

ρqLpai
)

Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi3
i6
δi4

i5
δa3

a6

(4.497)

O(1∼3)
CLWLēReRHH†D

τ I i
jHiH

†jCLνλρ
µ
(
DµW

I
L

νλ
)
(ēRpγ

ρeRr) Cf3,f6 [36]⟨12⟩2⟨13⟩2
(
τ I2
)i4

i5

τ I i
jHiH

†jW I
L

νλCLνλρ
µ ((DµēRp) γρeRr) Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩

(
τ I2
)i4

i5

τ I i
jH

†jW I
L

νλCLνλρ
µ (DµHi) (ēRpγ

ρeRr) Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩
(
τ I2
)i4

i5

(4.498)
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J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

O(1∼9)
CLWLll̄HH†D

τ I j
kHjH

†kCLνλρ
µ
(
DµW

I
L

νλ
) (
l̄L

i
rγ

ρlLpi

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi3

i6

(
τ I2
)i4

i5

τ I j
kHjH

†kW I
L

νλCLνλρ
µ
(
l̄L

i
rγ

ρ (DµlLpi)
)

Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi3
i6

(
τ I2
)i4

i5

τ I j
kH

†kW I
L

νλCLνλρ
µ (DµHj)

(
l̄L

i
rγ

ρlLpi

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi3

i6

(
τ I2
)i4

i5

τ I i
kHjH

†kCLνλρ
µ
(
DµW

I
L

νλ
) (
l̄L

j
rγ

ρlLpi

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi4

i6

(
τ I2
)i3

i5

τ I i
kHjH

†kW I
L

νλCLνλρ
µ
(
l̄L

j
rγ

ρ (DµlLpi)
)

Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi4
i6

(
τ I2
)i3

i5

τ I i
kH

†kW I
L

νλCLνλρ
µ (DµHj)

(
l̄L

j
rγ

ρlLpi

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi4

i6

(
τ I2
)i3

i5

τ I i
lHjH

†jCLνλρ
µ
(
DµW

I
L

νλ
) (
l̄L

l
rγ

ρlLpi

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi4

i5

(
τ I2
)i3

i6

τ I i
lHjH

†jW I
L

νλCLνλρ
µ
(
l̄L

l
rγ

ρ (DµlLpi)
)

Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi4
i5

(
τ I2
)i3

i6

τ I i
lH

†jW I
L

νλCLνλρ
µ (DµHj)

(
l̄L

l
rγ

ρlLpi

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi4

i5

(
τ I2
)i3

i6

(4.499)

O(1,2)
CLWLd̄RuRH†2D

τ I k
i ϵjkH

†iH†jCLνλρ
µ
(
DµW

I
L

νλ
) (
d̄R

a
pγ

ρuRra

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δa6

a3 ϵi5k
(
τ I2
)k

i4

τ I k
i ϵjkH

†iH†jW I
L

νλCLνλρ
µ
((
Dµd̄R

a
p

)
γρuRra

)
Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δa6

a3 ϵi5k
(
τ I2
)k

i4

(4.500)

O(1∼3)
CLWLd̄RdRHH†D

τ I i
jHiH

†jCLνλρ
µ
(
DµW

I
L

νλ
) (
d̄R

a
pγ

ρdRra

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δa6

a3

(
τ I2
)i4

i5

τ I i
jHiH

†jW I
L

νλCLνλρ
µ
((
Dµd̄R

a
p

)
γρdRra

)
Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δa6

a3

(
τ I2
)i4

i5

τ I i
jH

†jW I
L

νλCLνλρ
µ (DµHi)

(
d̄R

a
pγ

ρdRra

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δa6

a3

(
τ I2
)i4

i5

(4.501)

O(1∼3)
CLWLūRuRHH†D

τ I i
jHiH

†jCLνλρ
µ
(
DµW

I
L

νλ
) (
ūR

a
pγ

ρuRra

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δa6

a3

(
τ I2
)i4

i5

τ I i
jHiH

†jW I
L

νλCLνλρ
µ
((
DµūR

a
p

)
γρuRra

)
Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δa6

a3

(
τ I2
)i4

i5

τ I i
jH

†jW I
L

νλCLνλρ
µ (DµHi)

(
ūR

a
pγ

ρuRra

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δa6

a3

(
τ I2
)i4

i5

(4.502)

O(1,2)
CLWLdRūRH2D

τ I i
kϵ

jkHiHjCLνλρ
µ
(
DµW

I
L

νλ
) (
ūR

a
pγ

ρdRra

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δa6

a3 ϵ
i5k
(
τ I2
)i4

k

τ I i
kϵ

jkHiHjW
I
L

νλCLνλρ
µ
((
DµūR

a
p

)
γρdRra

)
Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δa6

a3 ϵ
i5k
(
τ I2
)i4

k
(4.503)
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J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

O(1∼9)
CLWLqq̄HH†D

τ I j
kHjH

†kCLνλρ
µ
(
DµW

I
L

νλ
) (
q̄L

ai
r γ

ρqLpai
)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi3

i6
δa3

a6

(
τ I2
)i4

i5

τ I j
kHjH

†kW I
L

νλCLνλρ
µ
(
q̄L

ai
r γ

ρ (DµqLpai)
)

Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi3
i6
δa3

a6

(
τ I2
)i4

i5

τ I j
kH

†kW I
L

νλCLνλρ
µ (DµHj)

(
q̄L

ai
r γ

ρqLpai
)

Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi3
i6
δa3

a6

(
τ I2
)i4

i5

τ I i
kHjH

†kCLνλρ
µ
(
DµW

I
L

νλ
) (
q̄L

aj
r γ

ρqLpai
)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi4

i6
δa3

a6

(
τ I2
)i3

i5

τ I i
kHjH

†kW I
L

νλCLνλρ
µ
(
q̄L

aj
r γ

ρ (DµqLpai)
)

Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi4
i6
δa3

a6

(
τ I2
)i3

i5

τ I i
kH

†kW I
L

νλCLνλρ
µ (DµHj)

(
q̄L

aj
r γ

ρqLpai
)

Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi4
i6
δa3

a6

(
τ I2
)i3

i5

τ I i
lHjH

†jCLνλρ
µ
(
DµW

I
L

νλ
) (
q̄L

al
r γ

ρqLpai

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi4

i5
δa3

a6

(
τ I2
)i3

i6

τ I i
lHjH

†jW I
L

νλCLνλρ
µ
(
q̄L

al
r γ

ρ (DµqLpai)
)

Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi4
i5
δa3

a6

(
τ I2
)i3

i6

τ I i
lH

†jW I
L

νλCLνλρ
µ (DµHj)

(
q̄L

al
r γ

ρqLpai

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi4

i5
δa3

a6

(
τ I2
)i3

i6

(4.504)

OCLGLd̄RuRH†2D λAb
aϵijH

†jGA
L

νλCLνλρ
µ
(
DµH

†i
) (
d̄R

a
pγ

ρuRrb

)
Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩ϵi4i5

(
λA2

)a6

a3

(4.505)

O(1∼3)
CLGLd̄RdRHH†D

λAb
aHiH

†iCLνλρ
µ
(
DµG

A
L

νλ
) (
d̄R

a
pγ

ρdRrb

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi4

i5

(
λA2

)a6

a3

λAb
aHiH

†iGA
L

νλCLνλρ
µ
((
Dµd̄R

a
p

)
γρdRrb

)
Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi4

i5

(
λA2

)a6

a3

λAb
aH

†iGA
L

νλCLνλρ
µ (DµHi)

(
d̄R

a
pγ

ρdRrb

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi4

i5

(
λA2

)a6

a3

(4.506)

O(1∼3)
CLGLūRuRHH†D

λAb
aHiH

†iCLνλρ
µ
(
DµG

A
L

νλ
) (
ūR

a
pγ

ρuRrb

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi4

i5

(
λA2

)a6

a3

λAb
aHiH

†iGA
L

νλCLνλρ
µ
((
DµūR

a
p

)
γρuRrb

)
Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi4

i5

(
λA2

)a6

a3

λAb
aH

†iGA
L

νλCLνλρ
µ (DµHi)

(
ūR

a
pγ

ρuRrb

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi4

i5

(
λA2

)a6

a3

(4.507)

OCLGLdRūRH2D λAb
aϵ

ijHjG
A
L

νλCLνλρ
µ (DµHi)

(
ūR

a
pγ

ρdRrb

)
Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩ϵi4i5

(
λA2

)a6

a3

(4.508)

O(1∼6)
CLGLqq̄HH†D

λAa
bHjH

†iCLνλρ
µ
(
DµG

A
L

νλ
) (
q̄L

bj
r γ

ρqLpai

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi3

i5
δi4

i6

(
λA2

)a3

a6

λAa
bHjH

†iGA
L

νλCLνλρ
µ
(
q̄L

bj
r γ

ρ (DµqLpai)
)

Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi3
i5
δi4

i6

(
λA2

)a3

a6

λAa
bH

†iGA
L

νλCLνλρ
µ (DµHj)

(
q̄L

bj
r γ

ρqLpai

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi3

i5
δi4

i6

(
λA2

)a3

a6

λAa
bHjH

†jCLνλρ
µ
(
DµG

A
L

νλ
) (
q̄L

bi
r γ

ρqLpai

)
Cf3,f6 [36]⟨12⟩2⟨13⟩2δi3

i6
δi4

i5

(
λA2

)a3

a6

λAa
bHjH

†jGA
L

νλCLνλρ
µ
(
q̄L

bi
r γ

ρ (DµqLpai)
)

Cf3,f6 [56]⟨12⟩2⟨13⟩⟨15⟩δi3
i6
δi4

i5

(
λA2

)a3

a6

λAa
bH

†jGA
L

νλCLνλρ
µ (DµHj)

(
q̄L

bi
r γ

ρqLpai

)
Cf3,f6 [46]⟨12⟩2⟨13⟩⟨14⟩δi3

i6
δi4

i5

(
λA2

)a3

a6

(4.509)

Class CL
2ψψ̄ϕ2D: 7 types

O(1,2)
CL2ēReRHH†D

HiH
†iCνλρη

L (DµCLνλρη) (ēRpγ
µeRr) Cf3,f6 [56]⟨12⟩4⟨35⟩δi4

i5

H†iCLνλρηC
νλρη
L (DµHi) (ēRpγ

µeRr) Cf3,f6 [46]⟨12⟩4⟨34⟩δi4
i5

(4.510)
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J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

O(1∼4)
CL2ll̄HH†D

HjH
†iCνλρη

L (DµCLνλρη)
(
l̄L

j
rγ

µlLpi

)
Cf3,f6 [56]⟨12⟩4⟨35⟩δi3

i5
δi4

i6

H†iCLνλρηC
νλρη
L (DµHj)

(
l̄L

j
rγ

µlLpi

)
Cf3,f6 [46]⟨12⟩4⟨34⟩δi3

i5
δi4

i6

HjH
†jCνλρη

L (DµCLνλρη)
(
l̄L

i
rγ

µlLpi

)
Cf3,f6 [56]⟨12⟩4⟨35⟩δi3

i6
δi4

i5

H†jCLνλρηC
νλρη
L (DµHj)

(
l̄L

i
rγ

µlLpi

)
Cf3,f6 [46]⟨12⟩4⟨34⟩δi3

i6
δi4

i5

(4.511)

OCL2d̄RuRH†2D ϵijH
†jCLνλρηC

νλρη
L

(
DµH

†i
) (
d̄R

a
pγ

µuRra

)
Cf3,f6 [56]⟨12⟩4⟨35⟩δa6

a3 ϵi4i5

(4.512)

O(1,2)
CL2d̄RdRHH†D

HiH
†iCνλρη

L (DµCLνλρη)
(
d̄R

a
pγ

µdRra

)
Cf3,f6 [56]⟨12⟩4⟨35⟩δi4

i5
δa6

a3

H†iCLνλρηC
νλρη
L (DµHi)

(
d̄R

a
pγ

µdRra

)
Cf3,f6 [46]⟨12⟩4⟨34⟩δi4

i5
δa6

a3

(4.513)

O(1,2)
CL2ūRuRHH†D

HiH
†iCνλρη

L (DµCLνλρη)
(
ūR

a
pγ

µuRra

)
Cf3,f6 [56]⟨12⟩4⟨35⟩δi4

i5
δa6

a3

H†iCLνλρηC
νλρη
L (DµHi)

(
ūR

a
pγ

µuRra

)
Cf3,f6 [46]⟨12⟩4⟨34⟩δi4

i5
δa6

a3

(4.514)

OCL2dRūRH2D ϵijHjCLνλρηC
νλρη
L (DµHi)

(
ūR

a
pγ

µdRra

)
Cf3,f6 [56]⟨12⟩4⟨35⟩δa6

a3 ϵ
i4i5 (4.515)

O(1∼4)
CL2qq̄HH†D

HjH
†iCνλρη

L (DµCLνλρη)
(
q̄L

aj
r γ

µqLpai
)
Cf3,f6 [56]⟨12⟩4⟨35⟩δi3

i5
δi4

i6
δa3

a6

H†iCLνλρηC
νλρη
L (DµHj)

(
q̄L

aj
r γ

µqLpai
)
Cf3,f6 [46]⟨12⟩4⟨34⟩δi3

i5
δi4

i6
δa3

a6

HjH
†jCνλρη

L (DµCLνλρη)
(
q̄L

ai
r γ

µqLpai
)
Cf3,f6 [56]⟨12⟩4⟨35⟩δi3

i6
δi4

i5
δa3

a6

H†jCLνλρηC
νλρη
L (DµHj)

(
q̄L

ai
r γ

µqLpai
)
Cf3,f6 [46]⟨12⟩4⟨34⟩δi3

i6
δi4

i5
δa3

a6

(4.516)

Class CLψ
2ϕ3D2: 3 types

O(1∼6)
CLēRlHH†2D2

HjH
†iH†jCLλρ

νµ
(
(DµēRp)σλρ (Dν lLri)

)
Cf2,f3 [36]⟨12⟩⟨13⟩2⟨16⟩δi3

i5
δi4

i6

H†iH†jCLλρ
νµ (DνHj)

(
(DµēRp)σλρlLri

)
Cf2,f3 [35]⟨12⟩⟨13⟩2⟨15⟩δi3

i5
δi4

i6

H†iH†jCLλρ
νµ (DνHj)

(
ēRpσ

λρ (DµlLri)
)

Cf2,f3 [34]⟨12⟩⟨13⟩2⟨14⟩δi3
i5
δi4

i6

HjH
†jCLλρ

νµ
(
DνH

†i
) (

(DµēRp)σλρlLri

)
Cf2,f3 [56]⟨12⟩⟨13⟩⟨15⟩⟨16⟩δ

i3
i5
δi4

i6

HjH
†jCLλρ

νµ
(
DνH

†i
) (
ēRpσ

λρ (DµlLri)
)
Cf2,f3 [46]⟨12⟩⟨13⟩⟨14⟩⟨16⟩δ

i3
i5
δi4

i6

H†jCLλρ
νµ (DµHj)

(
DνH

†i
) (
ēRpσ

λρlLri

)
Cf2,f3 [45]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i3
i5
δi4

i6

(4.517)

O(1∼6)
CLd̄RqHH†2D2

HjH
†iH†jCLλρ

νµ
((
Dµd̄R

a
p

)
σλρ (DνqLrai)

)
Cf2,f3 [36]⟨12⟩⟨13⟩2⟨16⟩δi3

i5
δi4

i6
δa3

a2

H†iH†jCLλρ
νµ (DνHj)

((
Dµd̄R

a
p

)
σλρqLrai

)
Cf2,f3 [35]⟨12⟩⟨13⟩2⟨15⟩δi3

i5
δi4

i6
δa3

a2

H†iH†jCLλρ
νµ (DνHj)

(
d̄R

a
pσ

λρ (DµqLrai)
)

Cf2,f3 [34]⟨12⟩⟨13⟩2⟨14⟩δi3
i5
δi4

i6
δa3

a2

HjH
†jCLλρ

νµ
(
DνH

†i
) ((

Dµd̄R
a
p

)
σλρqLrai

)
Cf2,f3 [56]⟨12⟩⟨13⟩⟨15⟩⟨16⟩δ

i3
i5
δi4

i6
δa3

a2

HjH
†jCLλρ

νµ
(
DνH

†i
) (
d̄R

a
pσ

λρ (DµqLrai)
)

Cf2,f3 [46]⟨12⟩⟨13⟩⟨14⟩⟨16⟩δ
i3
i5
δi4

i6
δa3

a2

H†jCLλρ
νµ (DµHj)

(
DνH

†i
) (
d̄R

a
pσ

λρqLrai

)
Cf2,f3 [45]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i3
i5
δi4

i6
δa3

a2

(4.518)
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J
H
E
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2
0
2
3
)
0
1
9

O(1∼6)
CLqūRH2H†D2

ϵjkHkH
†iCLλρ

νµ (DνHj)
(
ūR

a
rσ

λρ (DµqLpai)
)
Cf2,f3 [35]⟨12⟩⟨13⟩2⟨15⟩δi2

i6
δa2

a3 ϵ
i5i4

ϵjkHkH
†iCLλρ

νµ (DνHj)
(
(DµūR

a
r)σλρqLpai

)
Cf2,f3 [56]⟨12⟩⟨13⟩⟨15⟩⟨16⟩δ

i2
i6
δa2

a3 ϵ
i5i4

ϵjkH†iCLλρ
νµ (DµHj) (DνHk)

(
ūR

a
rσ

λρqLpai

)
Cf2,f3 [45]⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i2
i6
δa2

a3 ϵ
i5i4

ϵijHjHkH
†kCLλρ

νµ
(
(Dν ūR

a
r)σλρ (DµqLpai)

)
Cf2,f3 [36]⟨12⟩⟨13⟩2⟨16⟩δi5

i6
δa2

a3 ϵ
i2i4

ϵijHkH
†kCLλρ

νµ (DνHj)
(
ūR

a
rσ

λρ (DµqLpai)
)
Cf2,f3 [35]⟨12⟩⟨13⟩2⟨15⟩δi5

i6
δa2

a3 ϵ
i2i4

ϵijHkH
†kCLλρ

νµ (DνHj)
(
(DµūR

a
r)σλρqLpai

)
Cf2,f3 [56]⟨12⟩⟨13⟩⟨15⟩⟨16⟩δ

i5
i6
δa2

a3 ϵ
i2i4

(4.519)

Class CLFLϕ
4D2: 2 types

O(1,2)
CLBLH2H†2D2

HjH
†iH†jCLλρ

νµ (DνHi)
(
DµB

λρ
L

)
[46]⟨12⟩2⟨14⟩⟨16⟩δi3

i5
δi4

i6

HjH
†jBλρ

L CLλρ
νµ (DµHi)

(
DνH

†i
)
[45]⟨12⟩2⟨14⟩⟨15⟩δi3

i5
δi4

i6

(4.520)

O(1∼5)
CLWLH2H†2D2

τ I j
kHjH

†iH†kCLλρ
νµ (DνHi)

(
DµW

I
L

λρ
)

[56]⟨12⟩2⟨15⟩⟨16⟩δi3
i6

(
τ I2
)i4

i5

τ I j
kHiH

†iH†kCLλρ
νµ (DνHj)

(
DµW

I
L

λρ
)

[46]⟨12⟩2⟨14⟩⟨16⟩δi3
i6

(
τ I2
)i4

i5

τ I j
kH

†iH†kW I
L

λρCLλρ
νµ (DµHi) (DνHj) [45]⟨12⟩2⟨14⟩⟨15⟩δi3

i6

(
τ I2
)i4

i5

τ I j
kHiHjH

†iCLλρ
νµ
(
DνH

†k
) (
DµW

I
L

λρ
)
[36]⟨12⟩2⟨13⟩⟨16⟩δi3

i6

(
τ I2
)i4

i5

τ I j
kHjH

†iW I
L

λρCLλρ
νµ (DµHi)

(
DνH

†k
)

[34]⟨12⟩2⟨13⟩⟨14⟩δi3
i6

(
τ I2
)i4

i5

(4.521)

Class CL
2ϕ4D2: 1 types

O(1∼4)
CL2H2H†2D2

HiHjH
†iH†j (DµCLνλρη)

(
DµCνλρη

L

)
s56⟨12⟩4δi3

i5
δi4

i6

HjH
†iH†jCνλρη

L (DµCLνλρη) (DµHi) s46⟨12⟩4δi3
i5
δi4

i6

H†iH†jCLνλρηC
νλρη
L (DµHi) (DµHj) s45⟨12⟩4δi3

i5
δi4

i6

HjH
†jCLνλρηC

νλρη
L (DµHi)

(
DµH†i

)
s34⟨12⟩4δi3

i5
δi4

i6

(4.522)

Class CR
2ψ4: 4 types

O(1,2)
CR2d̄RēRū2

R

Y [ s t ] ϵabcCRµνλρC
µνλρ
R

(
d̄R

a
pσηξCēRr

) (
ūR

b
sσ

ηξCūR
c
t

)
C[2]

f1,f2,f3f4
[56]4⟨13⟩⟨24⟩ϵa1a3a4

Y
[

s
t

]
ϵabcCRµνλρC

µνλρ
R d̄R

a
pCēRrūR

b
sCūR

c
t C[1,1]

f1,f2,f3f4
[56]4⟨12⟩⟨34⟩ϵa1a3a4

(4.523)

O(1,2)
CR2ēRlqūR

(ēRplLri) (ūR
a
t qLsaj) ϵijCRµνλρC

µνλρ
R Cf1,f2,f3,f4 [56]4⟨12⟩⟨34⟩δa3

a4 ϵ
i2i3

ϵijCRµνλρC
µνλρ
R (ēRpσηξlLri)

(
ūR

a
t σ

ηξqLsaj

)
Cf1,f2,f3,f4 [56]4⟨13⟩⟨24⟩δa3

a4 ϵ
i2i3

(4.524)

O(1∼4)
CR2d̄Rq2ūR

Y [ r s ]
(
d̄R

a
pqLrbi

) (
ūR

b
tqLsaj

)
ϵijCRµνλρC

µνλρ
R C[2]

f1,f2f3,f4
[56]4⟨12⟩⟨34⟩δa3

a1δ
a2
a4 ϵ

i2i3

Y [ r s ] ϵijCRµνλρC
µνλρ
R

(
d̄R

a
pσηξqLrbi

) (
ūR

b
tσ

ηξqLsaj

)
C[2]

f1,f2f3,f4
[56]4⟨13⟩⟨24⟩δa3

a1δ
a2
a4 ϵ

i2i3

Y
[

r
s

] (
d̄R

a
pqLrbi

) (
ūR

b
tqLsaj

)
ϵijCRµνλρC

µνλρ
R C[1,1]

f1,f2f3,f4
[56]4⟨12⟩⟨34⟩δa3

a1δ
a2
a4 ϵ

i2i3

Y
[

r
s

]
ϵijCRµνλρC

µνλρ
R

(
d̄R

a
pσηξqLrbi

) (
ūR

b
tσ

ηξqLsaj

)
C[1,1]

f1,f2f3,f4
[56]4⟨13⟩⟨24⟩δa3

a1δ
a2
a4 ϵ

i2i3

(4.525)
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O(1∼3)
CR2lq3

Y [ r s t ] ϵabcϵikϵjlCRµνλρC
µνλρ
R lLpiCqLrajqLsbkCqLtcl C[3]

f1,f2f3f4
[56]4⟨12⟩⟨34⟩ϵi1i3ϵi2i4ϵa2a3a4

Y
[

r s
t

]
ϵabcϵikϵjlCRµνλρC

µνλρ
R lLpiCqLrajqLsbkCqLtcl C[2,1]

f1,f2f3f4
[56]4⟨12⟩⟨34⟩ϵi1i3ϵi2i4ϵa2a3a4

Y
[

r
s
t

]
ϵabcϵikϵjlCRµνλρC

µνλρ
R lLpiCqLrajqLsbkCqLtcl C[1,1,1]

f1,f2f3f4
[56]4⟨12⟩⟨34⟩ϵi1i3ϵi2i4ϵa2a3a4

(4.526)

Class CR
2FLψ

2ϕ: 8 types

OCR2BLēRlH† H†iBLηξCRµνλρC
µνλρ
R

(
ēRpσ

ηξlLri

)
Cf2,f3 [56]4⟨12⟩⟨13⟩δ

i3
i4

(4.527)

OCR2BLd̄RqH† H†iBLηξCRµνλρC
µνλρ
R

(
d̄R

a
pσ

ηξqLrai

)
Cf2,f3 [56]4⟨12⟩⟨13⟩δ

i3
i4
δa3

a2 (4.528)

OCR2BLqūRH ϵijHjBLηξCRµνλρC
µνλρ
R

(
ūR

a
rσ

ηξqLpai

)
Cf2,f3 [56]4⟨12⟩⟨13⟩δa2

a3 ϵ
i2i4 (4.529)

OCR2WLēRlH† τ I i
jH

†jCRµνλρC
µνλρ
R W I

Lηξ

(
ēRpσ

ηξlLri

)
Cf2,f3 [56]4⟨12⟩⟨13⟩

(
τ I1
)i3

i4
(4.530)

OCR2WLd̄RqH† τ I i
jH

†jCRµνλρC
µνλρ
R W I

Lηξ

(
d̄R

a
pσ

ηξqLrai

)
Cf2,f3 [56]4⟨12⟩⟨13⟩δa3

a2

(
τ I1
)i3

i4

(4.531)

OCR2WLqūRH τ I i
kϵ

jkHjCRµνλρC
µνλρ
R W I

Lηξ

(
ūR

a
rσ

ηξqLpai

)
Cf2,f3 [56]4⟨12⟩⟨13⟩δa2

a3 ϵ
i4k
(
τ I1
)i2

k
(4.532)

OCR2GLd̄RqH† λAb
aH

†iCRµνλρC
µνλρ
R GA

L ηξ

(
d̄R

a
pσ

ηξqLrbi

)
Cf2,f3 [56]4⟨12⟩⟨13⟩δ

i3
i4

(
λA1

)a3

a2

(4.533)

OCR2GLqūRH λAa
b ϵ

ijHjCRµνλρC
µνλρ
R GA

L ηξ

(
ūR

b
rσ

ηξqLpai

)
Cf2,f3 [56]4⟨12⟩⟨13⟩ϵi2i4

(
λA1

)a2

a3

(4.534)

Class CR
2FL

2ϕ2: 4 types

OCR2BL2HH† HiH
†iBLηξB

ηξ
L CRµνλρC

µνλρ
R [56]4⟨12⟩2δi3

i4
(4.535)

OCR2BLWLHH† τ I i
jHiH

†jBLηξCRµνλρC
µνλρ
R W I

L
ηξ [56]4⟨12⟩2

(
τ I2
)i3

i4
(4.536)

OCR2WL2HH† HiH
†iCRµνλρC

µνλρ
R W I

LηξW
I
L

ηξ [56]4⟨12⟩2δi3
i4
δI1I2 (4.537)

OCR2GL2HH† HiH
†iCRµνλρC

µνλρ
R GA

L ηξG
A
L

ηξ [56]4⟨12⟩2δi3
i4
δA1A2 (4.538)

Class CL
2CR

2ϕ2: 1 types

OCL2CR2HH† HiH
†iCLµνλρC

µνλρ
L CRηξτυC

ηξτυ
R [56]4⟨12⟩4δi3

i4
(4.539)

Class CLψ
4ϕ2: 8 types

OCLē2
Rl2H†2 Y

[
p
r ,

s
t

]
H†iH†jCLµνλρ (lLsiCσ

µν lLtj)
(
ēRpσ

λρCēRr

)
C[1,1],[1,1]

f2f3,f4f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi4

i6
δi5

i7

(4.540)
OCLd̄RēRū2

RHH† Y [ s t ] ϵabcHiH
†iCLµνλρ

(
d̄R

a
pσ

λρCēRr

) (
ūR

b
sσ

µνCūR
c
t

)
C[2]

f2,f3,f4f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi6

i7
ϵa2a4a5

(4.541)
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OCLd̄RēRlqH†2 H†iH†jCLµνλρ (lLsiCσ
µνqLtaj)

(
d̄R

a
pσ

λρCēRr

)
Cf2,f3,f4,f5⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ

i4
i6
δi5

i7
δa5

a2

(4.542)

O(1,2)
CLēRlqūRHH†

ϵjkHkH
†iCLµνλρ

(
ēRpσ

λρlLri

)
(ūR

a
t σ

µνqLsaj) Cf2,f3,f4,f5⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i3
i7
δa4

a5 ϵ
i6i4

ϵijHkH
†kCLµνλρ

(
ēRpσ

λρlLri

)
(ūR

a
t σ

µνqLsaj) Cf2,f3,f4,f5⟨12⟩⟨13⟩⟨14⟩⟨15⟩δ
i6
i7
δa4

a5 ϵ
i3i4

(4.543)

O(1,2)
CLd̄2

Rq2H†2
Y [ p r , s t ]H†iH†jCLµνλρ

(
d̄R

a
pσ

λρCd̄R
b
r

)
(qLsaiCσ

µνqLtbj) C[2],[2]
f2f3,f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi4
i6
δi5

i7
δa4

a2δ
a5
a3

Y
[

p
r ,

s
t

]
H†iH†jCLµνλρ

(
d̄R

a
pσ

λρCd̄R
b
r

)
(qLsaiCσ

µνqLtbj) C[1,1],[1,1]
f2f3,f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi4
i6
δi5

i7
δa4

a2δ
a5
a3

(4.544)

O(1∼4)
CLd̄Rq2ūRHH†

Y [ r s ] ϵjkHkH
†iCLµνλρ

(
d̄R

a
pσ

λρqLrbi

) (
ūR

b
tσ

µνqLsaj

)
C[2]

f2,f3f4,f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi3

i7
δa4

a2δ
a3
a5 ϵ

i6i4

Y [ r s ] ϵijHkH
†kCLµνλρ

(
d̄R

a
pσ

λρqLrbi

) (
ūR

b
tσ

µνqLsaj

)
C[2]

f2,f3f4,f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi6

i7
δa4

a2δ
a3
a5 ϵ

i3i4

Y
[

r
s

]
ϵjkHkH

†iCLµνλρ

(
d̄R

a
pσ

λρqLrbi

) (
ūR

b
tσ

µνqLsaj

)
C[1,1]

f2,f3f4,f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi3

i7
δa4

a2δ
a3
a5 ϵ

i6i4

Y
[

r
s

]
ϵijHkH

†kCLµνλρ

(
d̄R

a
pσ

λρqLrbi

) (
ūR

b
tσ

µνqLsaj

)
C[1,1]

f2,f3f4,f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi6

i7
δa4

a2δ
a3
a5 ϵ

i3i4

(4.545)

O(1,2)
CLq2ū2

RH2
Y [ p r , s t ] ϵikϵjlHkHlCLµνλρ

(
ūR

a
sσ

µνCūR
b
t

) (
qLpaiCσ

λρqLrbj

)
C[2],[2]

f2f3,f4f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2

a4δ
a3
a5 ϵ

i2i6ϵi3i7

Y
[

p
r ,

s
t

]
ϵikϵjlHkHlCLµνλρ

(
ūR

a
sσ

µνCūR
b
t

) (
qLpaiCσ

λρqLrbj

)
C[1,1],[1,1]

f2f3,f4f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2

a4δ
a3
a5 ϵ

i2i6ϵi3i7

(4.546)

O(1∼3)
CLlq3HH†

Y [ r s t ] ϵabcϵikϵjmHmH
†lCLµνλρ

(
lLpiCσ

λρqLraj

)
(qLsbkCσ

µνqLtcl) C[3]
f2,f3f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi5
i7
ϵi4i2ϵi6i3ϵa3a4a5

Y
[

r s
t

]
ϵabcϵjmϵklHmH

†iCLµνλρ

(
lLpiCσ

λρqLraj

)
(qLsbkCσ

µνqLtcl) C[2,1]
f2,f3f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi2
i7
ϵi6i3ϵi4i5ϵa3a4a5

Y
[

r s
t

]
ϵabcϵikϵjmHmH

†lCLµνλρ

(
lLpiCσ

λρqLraj

)
(qLsbkCσ

µνqLtcl) C[2,1]
f2,f3f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩δi4
i7
ϵi6i2ϵi5i3ϵa3a4a5

(4.547)

Class CLFLψ
2ϕ3: 8 types

OCLBLēRlHH†2 HjH
†iH†jBλρ

L CLµνλρ (ēRpσ
µν lLri) Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δi5

i7
(4.548)

OCLBLd̄RqHH†2 HjH
†iH†jBλρ

L CLµνλρ

(
d̄R

a
pσ

µνqLrai

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δi5

i7
δa4

a3 (4.549)

OCLBLqūRH2H† ϵijHjHkH
†kBλρ

L CLµνλρ (ūR
a
rσ

µνqLpai) Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi6
i7
δa3

a4 ϵ
i3i5

(4.550)

O(1,2)
CLWLēRlHH†2

τ I j
kHjH

†iH†kCLµνλρW
I
L

λρ (ēRpσ
µν lLri) Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi4

i7

(
τ I2
)i5

i6

τ I i
kHjH

†jH†kCLµνλρW
I
L

λρ (ēRpσ
µν lLri) Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi5

i7

(
τ I2
)i4

i6

(4.551)

O(1,2)
CLWLd̄RqHH†2

τ I j
kHjH

†iH†kCLµνλρW
I
L

λρ
(
d̄R

a
pσ

µνqLrai

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi4

i7
δa4

a3

(
τ I2
)i5

i6

τ I i
kHjH

†jH†kCLµνλρW
I
L

λρ
(
d̄R

a
pσ

µνqLrai

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi5

i7
δa4

a3

(
τ I2
)i4

i6

(4.552)

O(1,2)
CLWLqūRH2H†

τ I j
mϵ

imHjHkH
†kCLµνλρW

I
L

λρ (ūR
a
rσ

µνqLpai) Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi6
i7
δa3

a4 ϵ
i3m

(
τ I2
)i5

m

τ I j
l ϵ

ikHjHkH
†lCLµνλρW

I
L

λρ (ūR
a
rσ

µνqLpai) Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δa3
a4 ϵ

i3i6
(
τ I2
)i5

i7

(4.553)

OCLGLd̄RqHH†2 λAb
aHjH

†iH†jCLµνλρG
A
L

λρ
(
d̄R

a
pσ

µνqLrbi

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi4

i6
δi5

i7

(
λA2

)a4

a3

(4.554)
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OCLGLqūRH2H† λAa
b ϵ

ijHjHkH
†kCLµνλρG

A
L

λρ
(
ūR

b
rσ

µνqLpai

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δi6

i7
ϵi3i5

(
λA2

)a3

a4

(4.555)

Class CLFL
2ϕ4: 4 types

OCLBL2H2H†2 HiHjH
†iH†jBλρ

L Bµν
L CLµνλρ ⟨12⟩2⟨13⟩2δi4

i6
δi5

i7
(4.556)

OCLBLWLH2H†2 τ I j
kHiHjH

†iH†kBλρ
L CLµνλρW

I
L

µν ⟨12⟩2⟨13⟩2δi4
i7

(
τ I3
)i5

i6
(4.557)

O(1,2)
CLWL2H2H†2

τ I i
kτ

J j
lHiHjH

†kH†lCLµνλρW
I
L

λρW J
L

µν ⟨12⟩2⟨13⟩2
(
τ I2
)i4

i6

(
τ I3
)i5

i7

HiHjH
†iH†jCLµνλρW

I
L

λρW I
L

µν ⟨12⟩2⟨13⟩2δi4
i7
δi5

i6
δI2I3

(4.558)

OCLGL2H2H†2 HiHjH
†iH†jCLµνλρG

A
L

λρGA
L

µν ⟨12⟩2⟨13⟩2δi4
i6
δi5

i7
δA2A3 (4.559)

Class CL
2ψ2ϕ3: 3 types

OCL2ēRlHH†2 (ēRplLri)HjH
†iH†jCLµνλρC

µνλρ
L Cf3,f4⟨12⟩4⟨34⟩δi4

i6
δi5

i7
(4.560)

OCL2d̄RqHH†2

(
d̄R

a
pqLrai

)
HjH

†iH†jCLµνλρC
µνλρ
L Cf3,f4⟨12⟩4⟨34⟩δi4

i6
δi5

i7
δa4

a3 (4.561)

OCL2qūRH2H† (ūR
a
rqLpai) ϵijHjHkH

†kCLµνλρC
µνλρ
L Cf3,f4⟨12⟩4⟨34⟩δi6

i7
δa3

a4 ϵ
i3i5 (4.562)

Class CL
3ϕ4: 1 types

OCL3H2H†2 HiHjH
†iH†jCLµνλρC

µνηξ
L CLηξ

λρ ⟨12⟩2⟨13⟩2⟨23⟩2δi4
i6
δi5

i7
(4.563)

Class CL
2ψ̄2ϕ3: 3 types

OCL2q̄uRHH†2

(
q̄L

al
p uRra

)
ϵjlHiH

†iH†jCLµνλρC
µνλρ
L Cf6,f7 [67]⟨12⟩4δi3

i5
δa7

a6 ϵi6i4 (4.564)

OCL2eR l̄H2H†

(
l̄L

j
reRp

)
HiHjH

†iCLµνλρC
µνλρ
L Cf6,f7 [67]⟨12⟩4δi3

i5
δi4

i7
(4.565)

OCL2dRq̄H2H†
(
q̄L

aj
r dRpa

)
HiHjH

†iCLµνλρC
µνλρ
L Cf6,f7 [67]⟨12⟩4δi3

i5
δi4

i7
δa6

a7
(4.566)

Class CL
2ϕ6: 1 types

OCL2H3H†3 HiHjHkH
†iH†jH†kCLµνλρC

µνλρ
L ⟨12⟩4δi3

i6
δi4

i7
δi5

i8
(4.567)

5 GRLEFT operator/amplitude bases up to dim-10

5.1 Field content

The field content of the GRLEFT are listed in table 2. Similar as these in the GRSMEFT,
the operators are constructed in two-component Weyl spinor notation and then converted
to four-component Dirac spinor notation using the following relations:

νL =

(
ν

0

)
, eL =

(
e

0

)
, eR =

(
0
e†C

)
, uL =

(
u

0

)
, uR =

(
0
u†

C

)
, dL =

(
d

0

)
, dR =

(
0
d†C

)
.

(5.1)

ν̄L =
(
0 , ν†

)
, ēL =

(
0 , e†

)
, ēR =(eC , 0) , ūL =

(
0 , u†) , ūR =(uC , 0) , d̄L =

(
0 , d†

)
, d̄R =(dC , 0) .

(5.2)
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Fields SU(2)l × SU(2)r h SU(3)C U(1)EM Flavor B L

CLαβγδ (2, 0) −2 1 0 1 0 0
GA

Lαβ (1, 0) −1 8 0 1 0 0
FLαβ (1, 0) −1 1 0 1 0 0
να

(
1
2 , 0
)

−1
2 1 0 ne 0 1

eα

(
1
2 , 0
)

−1
2 1 −1 ne 0 1

eCα

(
1
2 , 0
)

−1
2 1 1 ne 0 −1

uαa

(
1
2 , 0
)

−1
2 3 2

3 nu
1
3 0

ua
Cα

(
1
2 , 0
)

−1
2 3 −2

3 nu −1
3 0

dαa

(
1
2 , 0
)

−1
2 3 −1

3 nd
1
3 0

da
Cα

(
1
2 , 0
)

−1
2 3 1

3 nd −1
3 0

Table 2. The field content of the GRLEFT, along with their representations under the Lorentz and
gauge groups. The representation under Lorentz group is denoted by (jl, jr), while the helicity of
the field is given by h = jr − jl. The numbers of lepton flavors, u-type quark flavors and d-type
quark flavors are denoted as ne, nu and nd respectively with ne = 3, nu = 2 and nd = 3 in the
GRLEFT. All of the fields are accompanied with their Hermitian conjugates that are omitted,
(CLαβγδ)† = CRα̇β̇γ̇δ̇ for gravitons, (FLαβ)† = FRα̇β̇ for gauge bosons and (ψα)† = (ψ†)α̇ for fermions,
which are under the conjugate representations of all the groups.

5.2 Dim-6 operator and amplitude bases

Class CLFL
2: 2 types

OCLFL2 Cλρµν
L FLλρFLµν ⟨12⟩2⟨13⟩2 (5.3)

OCLGL2 Cλρµν
L GA

L λρG
A
L µν ⟨12⟩2⟨13⟩2δA2A3 (5.4)

Class CL
3: 1 types

OCL3 CLµνλρC
µνηξ
L CLηξ

λρ ⟨12⟩2⟨13⟩2⟨23⟩2 (5.5)

5.3 Dim-7 operator and amplitude bases

Class CLFLψ
2: 6 types

OCLFLν2 Y
[

p
r

]
CLµνλρF

λρ
L (νLpCσ

µννLr) C[2]
f3f4

⟨12⟩2⟨13⟩⟨14⟩ (5.6)

OCLFLēReL CLµνλρF
λρ
L (ēRpσ

µνeLr) Cf3,f4⟨12⟩2⟨13⟩⟨14⟩ (5.7)

OCLFLd̄RdL
CLµνλρF

λρ
L

(
d̄R

a
pσ

µνdLra

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δa4

a3 (5.8)

OCLFLūRuL CLµνλρF
λρ
L

(
ūR

a
pσ

µνuLra

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩δa4

a3 (5.9)

OCLGLd̄RdL
λAb

aCLµνλρG
A
L

λρ
(
d̄R

a
pσ

µνdLrb

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a4

a3
(5.10)

OCLGLūRuL λAb
aCLµνλρG

A
L

λρ
(
ūR

a
pσ

µνuLrb

)
Cf3,f4⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a4

a3
(5.11)
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Class CL
2ψ2: 4 types

OCL2ν2 Y [ p r ]CLµνλρC
µνλρ
L νLpCνLr C[2]

f3f4
⟨12⟩4⟨34⟩ (5.12)

OCL2ēReL (ēRpeLr)CLµνλρC
µνλρ
L Cf3,f4⟨12⟩4⟨34⟩ (5.13)

OCL2d̄RdL

(
d̄R

a
pdLra

)
CLµνλρC

µνλρ
L Cf3,f4⟨12⟩4⟨34⟩δa4

a3 (5.14)

OCL2ūRuL

(
ūR

a
puLra

)
CLµνλρC

µνλρ
L Cf3,f4⟨12⟩4⟨34⟩δa4

a3 (5.15)

Class CL
2ψ̄2: 4 types

OCL2ν̄2 Y [ p r ]CLµνλρC
µνλρ
L ν̄LpCν̄Lr C[2]

f3f4
[34]⟨12⟩4 (5.16)

OCL2eRēL (ēLreRp)CLµνλρC
µνλρ
L Cf3,f4 [34]⟨12⟩4 (5.17)

OCL2dRd̄L

(
d̄Lr

adRpa

)
CLµνλρC

µνλρ
L Cf3,f4 [34]⟨12⟩4δa3

a4 (5.18)

OCL2uRūL (ūLr
auRpa)CLµνλρC

µνλρ
L Cf3,f4 [34]⟨12⟩4δa3

a4
(5.19)

5.4 Dim-8 operator and amplitude bases

Class CLFL
3: 1 types

OCLFLGL2 CLµνλρG
A
L

ληGA
L

µνFLη
ρ ⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δA3A4 (5.20)

Class CL
2FL

2: 2 types

O(1,2)
CL2FL2

CLµνλρC
µνλρ
L FLηξF

ηξ
L ⟨12⟩4⟨34⟩2

CLµνλρF
ηξ
L Fµν

L CLηξ
λρ ⟨12⟩2⟨13⟩2⟨24⟩2 (5.21)

O(1,2)
CL2GL2

CLµνλρC
µνλρ
L GA

L ηξG
A
L

ηξ ⟨12⟩4⟨34⟩2δA3A4

CLµνλρG
A
L

ηξGA
L

µνCLηξ
λρ ⟨12⟩2⟨13⟩2⟨24⟩2δA3A4

(5.22)

Class CL
4: 1 types

OCL4 CLηξτυCLµνλρC
ηξτυ
L Cµνλρ

L ⟨12⟩4⟨34⟩4 (5.23)

Class CLFLψψ̄D: 11 types

OCLFLνν̄D CLνλρ
µ
(
DµF

νλ
L

)
(ν̄Lrγ

ρνLp) Cf3,f4 [34]⟨12⟩2⟨13⟩2 (5.24)

OCLFLēReRD CLνλρ
µ
(
DµF

νλ
L

)
(ēRpγ

ρeRr) Cf3,f4 [34]⟨12⟩2⟨13⟩2 (5.25)

OCLFLeLēLD CLνλρ
µ
(
DµF

νλ
L

)
(ēLrγ

ρeLp) Cf3,f4 [34]⟨12⟩2⟨13⟩2 (5.26)

OCLFLd̄RdRD CLνλρ
µ
(
DµF

νλ
L

) (
d̄R

a
pγ

ρdRra

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2δa4

a3 (5.27)

OCLFLdLd̄LD CLνλρ
µ
(
DµF

νλ
L

) (
d̄Lr

aγρdLpa

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2δa3

a4 (5.28)

OCLFLūRuRD CLνλρ
µ
(
DµF

νλ
L

) (
ūR

a
pγ

ρuRra

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2δa4

a3 (5.29)

OCLFLuLūLD CLνλρ
µ
(
DµF

νλ
L

)
(ūLr

aγρuLpa) Cf3,f4 [34]⟨12⟩2⟨13⟩2δa3
a4 (5.30)
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OCLGLd̄RdRD λAb
aCLνλρ

µ
(
DµG

A
L

νλ
) (
d̄R

a
pγ

ρdRrb

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2

(
λA2

)a4

a3
(5.31)

OCLGLdLd̄LD λAa
bCLνλρ

µ
(
DµG

A
L

νλ
) (
d̄Lr

bγρdLpa

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2

(
λA2

)a3

a4
(5.32)

OCLGLūRuRD λAb
aCLνλρ

µ
(
DµG

A
L

νλ
) (
ūR

a
pγ

ρuRrb

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2

(
λA2

)a4

a3
(5.33)

OCLGLuLūLD λAa
bCLνλρ

µ
(
DµG

A
L

νλ
) (
ūLr

bγρuLpa

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2

(
λA2

)a3

a4
(5.34)

Class CR
2FL

2: 2 types

OCR2FL2 CRλρηξC
λρηξ
R FLµνF

µν
L [34]4⟨12⟩2 (5.35)

OCR2GL2 CRλρηξC
λρηξ
R GA

L µνG
A
L

µν [34]4⟨12⟩2δA1A2 (5.36)

Class CL
2CR

2: 1 types

OCL2CR2 CLµνλρC
µνλρ
L CRηξτυC

ηξτυ
R [34]4⟨12⟩4 (5.37)

Class CLψ
4: 17 types

OCLēReLν2 Y
[

s
t

]
CLµνλρ

(
ēRpσ

λρeLr

)
(νLsCσ

µννLt) C[2]
f2,f3,f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩ (5.38)

OCLē2
Re2

L
Y
[

p
r ,

s
t

]
CLµνλρ (eLsCσ

µνeLt)
(
ēRpσ

λρCēRr

)
C[2],[2]

f2f3,f4f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩ (5.39)

OCLd̄3
ReL

Y [ p r s ] ϵabcCLµνλρ

(
d̄R

c
sσ

µνeLt

) (
d̄R

a
pσ

λρCd̄R
b
r

)
C[3]

f2f3f4,f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

(5.40)
OCLd̄2

RνūR
Y [ p r ] ϵabcCLµνλρ (ūR

c
sσ

µννLt)
(
d̄R

a
pσ

λρCd̄R
b
r

)
C[2]

f2f3,f4,f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

(5.41)
OCLd̄RēRū2

R
Y [ s t ] ϵabcCLµνλρ

(
d̄R

a
pσ

λρCēRr

) (
ūR

b
sσ

µνCūR
c
t

)
C[2]

f2,f3,f4f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

(5.42)
OCLd̄RdLν2 Y

[
s
t

]
CLµνλρ

(
d̄R

a
pσ

λρdLra

)
(νLsCσ

µννLt) C[2]
f2,f3,f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3
a2

(5.43)
OCLd̄RdLēReL

CLµνλρ

(
d̄R

a
pσ

λρdLra

)
(ēRsσ

µνeLt) Cf2,f3,f4,f5⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3
a2 (5.44)

OCLdLēRνūR CLµνλρ

(
ēRrσ

λρdLpa

)
(ūR

a
sσ

µννLt) Cf2,f3,f4,f5⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2
a4 (5.45)

OCLd̄ReLνuL
CLµνλρ

(
d̄R

a
pσ

λρeLr

)
(uLsaCσ

µννLt) Cf2,f3,f4,f5⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a2 (5.46)

OCLν2ūRuL Y
[

s
t

]
CLµνλρ

(
ūR

a
pσ

λρuLra

)
(νLsCσ

µννLt) C[2]
f2,f3,f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3
a2

(5.47)
OCLēReLūRuL CLµνλρ

(
ēRpσ

λρeLr

)
(ūR

a
sσ

µνuLta) Cf2,f3,f4,f5⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa5
a4 (5.48)

O(1,2)
CLd̄2

Rd2
L

Y [ p r , s t ]CLµνλρ (dLsaCσ
µνdLtb)

(
d̄R

a
pσ

λρCd̄R
b
r

)
C[2],[2]

f2f3,f4f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2δ
a5
a3

Y
[

p
r ,

s
t

]
CLµνλρ (dLsaCσ

µνdLtb)
(
d̄R

a
pσ

λρCd̄R
b
r

)
C[1,1],[1,1]

f2f3,f4f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2δ
a5
a3

(5.49)

O(1,2)
CLd̄RdLūRuL

CLµνλρ

(
d̄R

a
pσ

λρdLra

)
(ūR

c
sσ

µνuLtc) Cf2,f3,f4,f5⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3
a2δ

a5
a4

CLµνλρ

(
d̄R

a
pσ

λρdLrb

) (
ūR

b
sσ

µνuLta

)
Cf2,f3,f4,f5⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa5

a2δ
a3
a4

(5.50)
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O(1,2)
CLū2

Ru2
L

Y [ p r , s t ]CLµνλρ

(
ūR

a
pσ

λρCūR
b
r

)
(uLsaCσ

µνuLtb) C[2],[2]
f2f3,f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a2δ

a5
a3

Y
[

p
r ,

s
t

]
CLµνλρ

(
ūR

a
pσ

λρCūR
b
r

)
(uLsaCσ

µνuLtb) C[1,1],[1,1]
f2f3,f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a2δ

a5
a3

(5.51)
OCLd3

LēR
Y [ p r s ] ϵabcCLµνλρ (ēRtσ

µνdLsc)
(
dLpaCσ

λρdLrb

)
C[3]

f2f3f4,f5
⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

(5.52)
OCLd2

LνuL
Y [ p r ] ϵabcCLµνλρ

(
dLpaCσ

λρdLrb

)
(uLscCσ

µννLt) C[2]
f2f3,f4,f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

(5.53)
OCLdLeLu2

L
Y [ s t ] ϵabcCLµνλρ

(
dLpaCσ

λρeLr

)
(uLsbCσ

µνuLtc) C[2]
f2,f3,f4f5

⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

(5.54)

5.5 Dim-9 operator and amplitude bases

Class CLFLψ
2D2: 6 types

O(1,2)
CLFLν2D2

Y [ p r ]F ρη
L (DµCLνλρη)

(
(DµνLp)CσνλνLr

)
C[2]

f3f4
[34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

Y
[

p
r

]
CLλρ

νµ
(
DµF

λρ
L

)
((DννLp)CνLr) C[1,1]

f3f4
s34⟨12⟩2⟨13⟩⟨14⟩

(5.55)

O(1,2)
CLFLēReLD2

CLλρ
νµ
(
DµF

λρ
L

)
((Dν ēRp) eLr) Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩

F ρη
L (DµCLνλρη)

(
(DµēRp)σνλeLr

)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

(5.56)

O(1,2)
CLFLd̄RdLD2

CLλρ
νµ
(
DµF

λρ
L

) ((
Dν d̄R

a
p

)
dLra

)
Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩δa4

a3

F ρη
L (DµCLνλρη)

((
Dµd̄R

a
p

)
σνλdLra

)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δa4

a3

(5.57)

O(1,2)
CLFLūRuLD2

CLλρ
νµ
(
DµF

λρ
L

) ((
Dν ūR

a
p

)
uLra

)
Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩δa4

a3

F ρη
L (DµCLνλρη)

((
DµūR

a
p

)
σνλuLra

)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δa4

a3

(5.58)

O(1,2)
CLGLd̄RdLD2

λAb
aCLλρ

νµ
(
DµG

A
L

λρ
) ((

Dν d̄R
a
p

)
dLrb

)
Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a4

a3

λAb
aG

A
L

ρη (DµCLνλρη)
((
Dµd̄R

a
p

)
σνλdLrb

)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

(
λA2

)a4

a3
(5.59)

O(1,2)
CLGLūRuLD2

λAb
aCLλρ

νµ
(
DµG

A
L

λρ
) ((

Dν ūR
a
p

)
uLrb

)
Cf3,f4s34⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a4

a3

λAb
aG

A
L

ρη (DµCLνλρη)
((
DµūR

a
p

)
σνλuLrb

)
Cf3,f4 [34]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

(
λA2

)a4

a3
(5.60)

Class CL
2ψ2D2: 4 types

O(1,2)
CL2ν2D2

Y [ p r ] νLpCνLr (DµCLνλρη)
(
DµCνλρη

L

)
C[2]

f3f4
s34⟨12⟩4⟨34⟩

Y [ p r ]CLξ
λρη (DµCLνλρη)

(
(DµνLp)CσξννLr

)
C[2]

f3f4
[34]⟨12⟩2⟨13⟩2⟨24⟩2 (5.61)

O(1,2)
CL2ēReLD2

(ēRpeLr) (DµCLνλρη)
(
DµCνλρη

L

)
Cf3,f4s34⟨12⟩4⟨34⟩

CLξ
λρη (DµCLνλρη)

(
(DµēRp)σξνeLr

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2⟨24⟩2 (5.62)

O(1,2)
CL2d̄RdLD2

(
d̄R

a
pdLra

)
(DµCLνλρη)

(
DµCνλρη

L

)
Cf3,f4s34⟨12⟩4⟨34⟩δa4

a3

CLξ
λρη (DµCLνλρη)

((
Dµd̄R

a
p

)
σξνdLra

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2⟨24⟩2δa4

a3

(5.63)

O(1,2)
CL2ūRuLD2

(
ūR

a
puLra

)
(DµCLνλρη)

(
DµCνλρη

L

)
Cf3,f4s34⟨12⟩4⟨34⟩δa4

a3

CLξ
λρη (DµCLνλρη)

((
DµūR

a
p

)
σξνuLra

)
Cf3,f4 [34]⟨12⟩2⟨13⟩2⟨24⟩2δa4

a3

(5.64)
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Class CLFRψ
2D2: 6 types

OCLFRν2D2 Y
[

p
r

]
FRη

ρCLλ
ν

ρ
µ
(
(DµDννLp)CσηλνLr

)
C[2]

f2f3
[34]2⟨12⟩⟨13⟩3 (5.65)

OCLFRēReLD2 FRη
ρCLλ

ν
ρ

µ
(
(DµDν ēRp)σηλeLr

)
Cf2,f3 [34]2⟨12⟩⟨13⟩3 (5.66)

OCLFRd̄RdLD2 FRη
ρCLλ

ν
ρ

µ
((
DµDν d̄R

a
p

)
σηλdLra

)
Cf2,f3 [34]2⟨12⟩⟨13⟩3δa3

a2 (5.67)

OCLFRūRuLD2 FRη
ρCLλ

ν
ρ

µ
((
DµDν ūR

a
p

)
σηλuLra

)
Cf2,f3 [34]2⟨12⟩⟨13⟩3δa3

a2 (5.68)

OCLGRd̄RdLD2 λAb
aG

A
Rη

ρCLλ
ν

ρ
µ
((
DµDν d̄R

a
p

)
σηλdLrb

)
Cf2,f3 [34]2⟨12⟩⟨13⟩3

(
λA4

)a3

a2
(5.69)

OCLGRūRuLD2 λAb
aG

A
Rη

ρCLλ
ν

ρ
µ
((
DµDν ūR

a
p

)
σηλuLrb

)
Cf2,f3 [34]2⟨12⟩⟨13⟩3

(
λA4

)a3

a2
(5.70)

Class CLFLψ̄
2D2: 6 types

OCLFLν̄2D2 Y
[

p
r

]
CLλρ

νµ
(
DµF

λρ
L

)
((Dν ν̄Lp)Cν̄Lr) C[2]

f3f4
[34]2⟨12⟩2⟨13⟩⟨14⟩ (5.71)

OCLFLeRēLD2 CLλρ
νµ
(
DµF

λρ
L

)
(ēLr (DνeRp)) Cf3,f4 [34]2⟨12⟩2⟨13⟩⟨14⟩ (5.72)

OCLFLdRd̄LD2 CLλρ
νµ
(
DµF

λρ
L

) (
d̄Lr

a (DνdRpa)
)
Cf3,f4 [34]2⟨12⟩2⟨13⟩⟨14⟩δa3

a4 (5.73)

OCLFLuRūLD2 CLλρ
νµ
(
DµF

λρ
L

)
(ūLr

a (DνuRpa)) Cf3,f4 [34]2⟨12⟩2⟨13⟩⟨14⟩δa3
a4 (5.74)

OCLGLdRd̄LD2 λAa
bCLλρ

νµ
(
DµG

A
L

λρ
) (
d̄Lr

b (DνdRpa)
)
Cf3,f4 [34]2⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a3

a4
(5.75)

OCLGLuRūLD2 λAa
bCLλρ

νµ
(
DµG

A
L

λρ
) (
ūLr

b (DνuRpa)
)
Cf3,f4 [34]2⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a3

a4
(5.76)

Class CL
2ψ̄2D2: 4 types

OCL2ν̄2D2 Y [ p r ] ν̄LpCν̄Lr (DµCLνλρη)
(
DµCνλρη

L

)
C[2]

f3f4
[34]s34⟨12⟩4 (5.77)

OCL2eRēLD2 (ēLreRp) (DµCLνλρη)
(
DµCνλρη

L

)
Cf3,f4 [34]s34⟨12⟩4 (5.78)

OCL2dRd̄LD2

(
d̄Lr

adRpa

)
(DµCLνλρη)

(
DµCνλρη

L

)
Cf3,f4 [34]s34⟨12⟩4δa3

a4 (5.79)

OCL2uRūLD2 (ūLr
auRpa) (DµCLνλρη)

(
DµCνλρη

L

)
Cf3,f4 [34]s34⟨12⟩4δa3

a4 (5.80)

Class CLFL
2ψ2: 10 types

O(1,2)
CLFL2ν2

Y [ p r ]CLµνλρF
λρ
L Fµν

L νLpCνLr C[2]
f4f5

⟨12⟩2⟨13⟩2⟨45⟩
Y
[

p
r

]
CLµνλρF

λρ
L FLη

ν (νLpCσ
ηµνLr) C[1,1]

f4f5
⟨12⟩2⟨13⟩⟨14⟩⟨35⟩

(5.81)

O(1,2)
CLFL2ēReL

(ēRpeLr)CLµνλρF
λρ
L Fµν

L Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩
CLµνλρF

λρ
L FLη

ν (ēRpσ
ηµeLr) Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩

(5.82)

O(1,2)
CLFL2d̄RdL

(
d̄R

a
pdLra

)
CLµνλρF

λρ
L Fµν

L Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δa5
a4

CLµνλρF
λρ
L FLη

ν
(
d̄R

a
pσ

ηµdLra

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δa5

a4

(5.83)
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O(1,2)
CLFL2ūRuL

(
ūR

a
puLra

)
CLµνλρF

λρ
L Fµν

L Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δa5
a4

CLµνλρF
λρ
L FLη

ν
(
ūR

a
pσ

ηµuLra

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δa5

a4

(5.84)

O(1∼3)
CLFLGLd̄RdL

(
d̄R

a
pdLrb

)
λAb

aCLµνλρF
λρ
L GA

L
µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩

(
λA3

)a5

a4

λAb
aCLµνλρF

λρ
L GA

L η
ν
(
d̄R

a
pσ

ηµdLrb

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩

(
λA3

)a5

a4

λAb
aCLµνλρG

A
L

ληFLη
ρ
(
d̄R

a
pσ

µνdLrb

)
Cf4,f5⟨12⟩⟨13⟩2⟨14⟩⟨25⟩

(
λA3

)a5

a4

(5.85)

O(1∼3)
CLFLGLūRuL

(
ūR

a
puLrb

)
λAb

aCLµνλρF
λρ
L GA

L
µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩

(
λA3

)a5

a4

λAb
aCLµνλρF

λρ
L GA

L η
ν
(
ūR

a
pσ

ηµuLrb

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩

(
λA3

)a5

a4

λAb
aCLµνλρG

A
L

ληFLη
ρ
(
ūR

a
pσ

µνuLrb

)
Cf4,f5⟨12⟩⟨13⟩2⟨14⟩⟨25⟩

(
λA3

)a5

a4
(5.86)

O(1,2)
CLGL2ν2

Y [ p r ]CLµνλρG
A
L

λρGA
L

µννLpCνLr C[2]
f4f5

⟨12⟩2⟨13⟩2⟨45⟩δA2A3

Y
[

p
r

]
CLµνλρG

A
L

λρGA
L η

ν (νLpCσ
ηµνLr) C[1,1]

f4f5
⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δA2A3

(5.87)

O(1,2)
CLGL2ēReL

(ēRpeLr)CLµνλρG
A
L

λρGA
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δA2A3

CLµνλρG
A
L

λρGA
L η

ν (ēRpσ
ηµeLr) Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δA2A3

(5.88)

O(1∼5)
CLGL2d̄RdL

(
d̄R

a
pdLra

)
CLµνλρG

A
L

λρGA
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δa5
a4δ

A2A3

CLµνλρG
A
L

λρGA
L η

ν
(
d̄R

a
pσ

ηµdLra

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δa5

a4δ
A2A3(

d̄R
a
pdLrb

)
dABCλCb

aCLµνλρG
A
L

λρGB
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩dCA2A3
(
λC
)a5

a4

dABCλCb
aCLµνλρG

A
L

λρGB
L η

ν
(
d̄R

a
pσ

ηµdLrb

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩dCA2A3

(
λC
)a5

a4

fABCλCb
aCLµνλρG

A
L

λρGB
L η

ν
(
d̄R

a
pσ

ηµdLrb

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩fCA2A3

(
λC
)a5

a4
(5.89)

O(1∼5)
CLGL2ūRuL

(
ūR

a
puLra

)
CLµνλρG

A
L

λρGA
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩δa5
a4δ

A2A3

CLµνλρG
A
L

λρGA
L η

ν
(
ūR

a
pσ

ηµuLra

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩δa5

a4δ
A2A3(

ūR
a
puLrb

)
dABCλCb

aCLµνλρG
A
L

λρGB
L

µν Cf4,f5⟨12⟩2⟨13⟩2⟨45⟩dCA2A3
(
λC
)a5

a4

dABCλCb
aCLµνλρG

A
L

λρGB
L η

ν
(
ūR

a
pσ

ηµuLrb

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩dCA2A3

(
λC
)a5

a4

fABCλCb
aCLµνλρG

A
L

λρGB
L η

ν
(
ūR

a
pσ

ηµuLrb

)
Cf4,f5⟨12⟩2⟨13⟩⟨14⟩⟨35⟩fCA2A3

(
λC
)a5

a4
(5.90)

Class CL
2FLψ

2: 6 types

O(1,2)
CL2FLν2

Y
[

p
r

]
CLµνλρC

µνλρ
L FLηξ

(
νLpCσ

ηξνLr

)
C[1,1]

f4f5
⟨12⟩4⟨34⟩⟨35⟩

Y
[

p
r

]
CLµνλρF

µν
L CLηξ

λρ
(
νLpCσ

ηξνLr

)
C[1,1]

f4f5
⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩

(5.91)

O(1,2)
CL2FLēReL

CLµνλρC
µνλρ
L FLηξ

(
ēRpσ

ηξeLr

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩

CLµνλρF
µν
L CLηξ

λρ
(
ēRpσ

ηξeLr

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩

(5.92)

O(1,2)
CL2FLd̄RdL

CLµνλρC
µνλρ
L FLηξ

(
d̄R

a
pσ

ηξdLra

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩δa5

a4

CLµνλρF
µν
L CLηξ

λρ
(
d̄R

a
pσ

ηξdLra

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩δa5

a4

(5.93)

O(1,2)
CL2FLūRuL

CLµνλρC
µνλρ
L FLηξ

(
ūR

a
pσ

ηξuLra

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩δa5

a4

CLµνλρF
µν
L CLηξ

λρ
(
ūR

a
pσ

ηξuLra

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩δa5

a4

(5.94)
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O(1,2)
CL2GLd̄RdL

λAb
aCLµνλρC

µνλρ
L GA

L ηξ

(
d̄R

a
pσ

ηξdLrb

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩

(
λA3

)a5

a4

λAb
aCLµνλρG

A
L

µνCLηξ
λρ
(
d̄R

a
pσ

ηξdLrb

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩

(
λA3

)a5

a4
(5.95)

O(1,2)
CL2GLūRuL

λAb
aCLµνλρC

µνλρ
L GA

L ηξ

(
ūR

a
pσ

ηξuLrb

)
Cf4,f5⟨12⟩4⟨34⟩⟨35⟩

(
λA3

)a5

a4

λAb
aCLµνλρG

A
L

µνCLηξ
λρ
(
ūR

a
pσ

ηξuLrb

)
Cf4,f5⟨12⟩2⟨13⟩2⟨24⟩⟨25⟩

(
λA3

)a5

a4
(5.96)

Class CL
3ψ2: 4 types

OCL3ν2 Y [ p r ]CLµνλρC
µνηξ
L CLηξ

λρνLpCνLr C[2]
f4f5

⟨12⟩2⟨13⟩2⟨23⟩2⟨45⟩ (5.97)

OCL3ēReL (ēRpeLr)CLµνλρC
µνηξ
L CLηξ

λρ Cf4,f5⟨12⟩2⟨13⟩2⟨23⟩2⟨45⟩ (5.98)

OCL3d̄RdL

(
d̄R

a
pdLra

)
CLµνλρC

µνηξ
L CLηξ

λρ Cf4,f5⟨12⟩2⟨13⟩2⟨23⟩2⟨45⟩δa5
a4 (5.99)

OCL3ūRuL

(
ūR

a
puLra

)
CLµνλρC

µνηξ
L CLηξ

λρ Cf4,f5⟨12⟩2⟨13⟩2⟨23⟩2⟨45⟩δa5
a4 (5.100)

Class CLFL
2ψ̄2: 10 types

OCLFL2ν̄2 Y [ p r ]CLµνλρF
λρ
L Fµν

L ν̄LpCν̄Lr C[2]
f4f5

[45]⟨12⟩2⟨13⟩2 (5.101)

OCLFL2eRēL (ēLreRp)CLµνλρF
λρ
L Fµν

L Cf4,f5 [45]⟨12⟩2⟨13⟩2 (5.102)

OCLFL2dRd̄L

(
d̄Lr

adRpa

)
CLµνλρF

λρ
L Fµν

L Cf4,f5 [45]⟨12⟩2⟨13⟩2δa4
a5 (5.103)

OCLFL2uRūL (ūLr
auRpa)CLµνλρF

λρ
L Fµν

L Cf4,f5 [45]⟨12⟩2⟨13⟩2δa4
a5

(5.104)

OCLFLGLdRd̄L

(
d̄Lr

bdRpa

)
λAa

bCLµνλρF
λρ
L GA

L
µν Cf4,f5 [45]⟨12⟩2⟨13⟩2

(
λA3

)a4

a5
(5.105)

OCLFLGLuRūL

(
ūLr

buRpa

)
λAa

bCLµνλρF
λρ
L GA

L
µν Cf4,f5 [45]⟨12⟩2⟨13⟩2

(
λA3

)a4

a5
(5.106)

OCLGL2ν̄2 Y [ p r ]CLµνλρG
A
L

λρGA
L

µν ν̄LpCν̄Lr C[2]
f4f5

[45]⟨12⟩2⟨13⟩2δA2A3 (5.107)

OCLGL2eRēL (ēLreRp)CLµνλρG
A
L

λρGA
L

µν Cf4,f5 [45]⟨12⟩2⟨13⟩2δA2A3 (5.108)

O(1,2)
CLGL2dRd̄L

(
d̄Lr

adRpa

)
CLµνλρG

A
L

λρGA
L

µν Cf4,f5 [45]⟨12⟩2⟨13⟩2δa4
a5δ

A2A3(
d̄Lr

bdRpa

)
dABCλCa

bCLµνλρG
A
L

λρGB
L

µν Cf4,f5 [45]⟨12⟩2⟨13⟩2dCA2A3
(
λC
)a4

a5
(5.109)

O(1,2)
CLGL2uRūL

(ūLr
auRpa)CLµνλρG

A
L

λρGA
L

µν Cf4,f5 [45]⟨12⟩2⟨13⟩2δa4
a5δ

A2A3(
ūLr

buRpa

)
dABCλCa

bCLµνλρG
A
L

λρGB
L

µν Cf4,f5 [45]⟨12⟩2⟨13⟩2dCA2A3
(
λC
)a4

a5
(5.110)

Class CL
3ψ̄2: 4 types

OCL3ν̄2 Y [ p r ]CLµνλρC
µνηξ
L CLηξ

λρν̄LpCν̄Lr C[2]
f4f5

[45]⟨12⟩2⟨13⟩2⟨23⟩2 (5.111)

OCL3eRēL (ēLreRp)CLµνλρC
µνηξ
L CLηξ

λρ Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨23⟩2 (5.112)

OCL3dRd̄L

(
d̄Lr

adRpa

)
CLµνλρC

µνηξ
L CLηξ

λρ Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨23⟩2δa4
a5 (5.113)

OCL3uRūL (ūLr
auRpa)CLµνλρC

µνηξ
L CLηξ

λρ Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨23⟩2δa4
a5

(5.114)
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Class CLψ
3ψ̄D: 52 types

OCLν3ν̄D Y
[

p r
s

]
CLνλρ

µ (ν̄Ltγ
ρ (DµνLp))

(
νLrCσ

νλνLs

)
C[2,1]

f2f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩

(5.115)

O(1,2)
CLēReRν2D

Y [ s t ]CLνλρ
µ (ēRpγ

ρeRt)
(
(DµνLr)CσνλνLs

)
C[2]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩

Y
[

s
t

]
CLνλρ

µ ((DµēRp) γρeRt)
(
νLrCσ

νλνLs

)
C[1,1]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩

(5.116)

O(1,2)
CLeLēLν2D

Y [ s t ]CLνλρ
µ (ēLtγ

ρeLp)
(
(DµνLr)CσνλνLs

)
C[2]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩

Y
[

s
t

]
CLνλρ

µ (ēLtγ
ρ (DµeLp))

(
νLrCσ

νλνLs

)
C[1,1]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩

(5.117)

O(1,2)
CLēReLνν̄D

CLνλρ
µ (ν̄Ltγ

ρC (DµēRp))
(
eLrCσ

νλνLs

)
Cf2,f3,f4,f5 [35]⟨12⟩⟨13⟩2⟨14⟩

CLνλρ
µ (ν̄Ltγ

ρCēRp)
(
(DµeLr)CσνλνLs

)
Cf2,f3,f4,f5 [45]⟨12⟩⟨13⟩⟨14⟩2 (5.118)

O(1,2)
CLē2

ReReLD

Y [ p r ]CLνλρ
µ ((DµēRp) γρeRt)

(
ēRrσ

νλeLs

)
C[2]

f2f3,f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩

Y
[

p
r

]
CLνλρ

µ ((DµēRp) γρeRt)
(
ēRrσ

νλeLs

)
C[1,1]

f2f3,f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩

(5.119)

O(1,2)
CLēRe2

LēLD

Y [ r s ]CLνλρ
µ (ēLtγ

ρCēRp)
(
(DµeLr)CσνλeLs

)
C[2]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩

Y
[

r
s

]
CLνλρ

µ (ēLtγ
ρC (DµēRp))

(
eLrCσ

νλeLs

)
C[1,1]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩

(5.120)

O(1,2)
CLd̄RdRν2D

Y [ s t ]CLνλρ
µ
(
d̄R

a
pγ

ρdRta

) (
(DµνLr)CσνλνLs

)
C[2]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩δa5

a2

Y
[

s
t

]
CLνλρ

µ
((
Dµd̄R

a
p

)
γρdRta

) (
νLrCσ

νλνLs

)
C[1,1]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩δa5

a2

(5.121)

O(1,2)
CLd̄ReLνuRD

CLνλρ
µ
((
Dµd̄R

a
p

)
γρuRta

) (
eLrCσ

νλνLs

)
Cf2,f3,f4,f5 [35]⟨12⟩⟨13⟩2⟨14⟩δa5

a2

CLνλρ
µ
(
d̄R

a
pγ

ρuRta

) (
(DµeLr)CσνλνLs

)
Cf2,f3,f4,f5 [45]⟨12⟩⟨13⟩⟨14⟩2δa5

a2

(5.122)

O(1,2)
CLd̄RdRēReLD

CLνλρ
µ
((
Dµd̄R

a
p

)
γρdRta

) (
ēRrσ

νλeLs

)
Cf2,f3,f4,f5 [35]⟨12⟩⟨13⟩2⟨14⟩δa5

a2

CLνλρ
µ
(
d̄R

a
pγ

ρdRta

) (
(DµēRr)σνλeLs

)
Cf2,f3,f4,f5 [45]⟨12⟩⟨13⟩⟨14⟩2δa5

a2

(5.123)

O(1,2)
CLdLd̄Lν2D

Y [ s t ]CLνλρ
µ
(
d̄Lt

aγρdLpa

) (
(DµνLr)CσνλνLs

)
C[2]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩δa2

a5

Y
[

s
t

]
CLνλρ

µ
(
d̄Lt

aγρ (DµdLpa)
) (
νLrCσ

νλνLs

)
C[1,1]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩δa2

a5

(5.124)

O(1,2)
CLdLēRνūLD

CLνλρ
µ (ūLt

aγρ (DµdLpa))
(
ēRrσ

νλνLs

)
Cf2,f3,f4,f5 [35]⟨12⟩⟨13⟩2⟨14⟩δa2

a5

CLνλρ
µ (ūLt

aγρdLpa)
(
(DµēRr)σνλνLs

)
Cf2,f3,f4,f5 [45]⟨12⟩⟨13⟩⟨14⟩2δa2

a5

(5.125)

O(1,2)
CLdLd̄LēReLD

CLνλρ
µ
(
d̄Lt

aγρ (DµdLpa)
) (
ēRrσ

νλeLs

)
Cf2,f3,f4,f5 [35]⟨12⟩⟨13⟩2⟨14⟩δa2

a5

CLνλρ
µ
(
d̄Lt

aγρdLpa

) (
(DµēRr)σνλeLs

)
Cf2,f3,f4,f5 [45]⟨12⟩⟨13⟩⟨14⟩2δa2

a5

(5.126)
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O(1,2)
CLd̄RdLνν̄D

CLνλρ
µ
(
ν̄Ltγ

ρC
(
Dµd̄R

a
p

)) (
dLraCσ

νλνLs

)
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ēLtγ

ρCd̄R
a
p

) (
(DµdLra)CσνλeLs

)
Cf2,f3,f4,f5 [45]⟨12⟩⟨13⟩⟨14⟩2δa3

a2

(5.129)

O(1,2)
CLν2ūRuRD
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CLēReLūRuRD

CLνλρ
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DµūR

a
p

)) (
uLraCσ

νλνLs

)
Cf2,f3,f4,f5 [35]⟨12⟩⟨13⟩2⟨14⟩δa3

a2

CLνλρ
µ
(
ν̄Ltγ

ρCūR
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µ ((DµēRp) γρeRt)

(
ūR
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ūLt

cγρC
(
Dµd̄R

a
p

)) (
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c
s

)
C[2]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a4

Y
[

s
t

]
ϵabcCLνλρ

µ
(
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d̄Lt

aγρ (DµdLpa)
) (
ūR

b
rσ

νλuLsb

)
Cf2,f3,f4,f5 [35]⟨12⟩⟨13⟩2⟨14⟩δa2

a5δ
a4
a3

CLνλρ
µ
(
d̄Lt

aγρdLpa

) ((
DµūR

b
r

)
σνλuLsb

)
Cf2,f3,f4,f5 [45]⟨12⟩⟨13⟩⟨14⟩2δa2

a5δ
a4
a3

(5.156)

O(1∼4)
CLū2

RuRuLD

Y [ p r ]CLνλρ
µ
((
DµūR

a
p

)
γρuRtb

) (
ūR

b
rσ

νλuLsa

)
C[2]

f2f3,f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩δa4

a2δ
a5
a3

Y [ p r ]CLνλρ
µ
(
ūR

a
pγ

ρuRtb

) ((
DµūR

b
r

)
σνλuLsa

)
C[2]

f2f3,f4,f5
[45]⟨12⟩⟨13⟩⟨14⟩2δa4

a2δ
a5
a3

Y
[

p
r

]
CLνλρ

µ
((
DµūR

a
p

)
γρuRtb

) (
ūR

b
rσ

νλuLsa

)
C[1,1]

f2f3,f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩δa4

a2δ
a5
a3

Y
[

p
r

]
CLνλρ

µ
(
ūR

a
pγ

ρuRtb

) ((
DµūR

b
r

)
σνλuLsa

)
C[1,1]

f2f3,f4,f5
[45]⟨12⟩⟨13⟩⟨14⟩2δa4

a2δ
a5
a3

(5.157)
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O(1∼4)
CLūRu2

LūLD

Y [ r s ]CLνλρ
µ
(
ūLt

bγρC
(
DµūR

a
p

)) (
uLrbCσ

νλuLsa

)
C[2]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩δa4

a2δ
a3
a5

Y [ r s ]CLνλρ
µ
(
ūLt

bγρCūR
a
p

) (
(DµuLrb)CσνλuLsa

)
C[2]

f2,f3f4,f5
[45]⟨12⟩⟨13⟩⟨14⟩2δa4

a2δ
a3
a5

Y
[

r
s

]
CLνλρ

µ
(
ūLt

bγρC
(
DµūR

a
p

)) (
uLrbCσ

νλuLsa

)
C[1,1]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩δa4

a2δ
a3
a5

Y
[

r
s

]
CLνλρ

µ
(
ūLt

bγρCūR
a
p

) (
(DµuLrb)CσνλuLsa

)
C[1,1]

f2,f3f4,f5
[45]⟨12⟩⟨13⟩⟨14⟩2δa4

a2δ
a3
a5

(5.158)

O(1,2)
CLd2

LνuRD

Y [ p r ] ϵabcCLνλρ
µ (uRtcCγ

ρ (DµdLpa))
(
dLrbCσ

νλνLs

)
C[2]

f2f3,f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a5

Y
[

p
r

]
ϵabcCLνλρ

µ (uRtcCγ
ρ (DµdLpa))

(
dLrbCσ

νλνLs

)
C[1,1]

f2f3,f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a5

(5.159)

O(1,2)
CLdRd2

LēRD

Y [ r s ] ϵabcCLνλρ
µ
(
ēRsσ

νλdLrb

)
(dRtcCγ

ρ (DµdLpa)) C[2]
f2f3,f4,f5

[35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a5

Y
[

r
s

]
ϵabcCLνλρ

µ
(
ēRsσ

νλdLrb

)
(dRtcCγ

ρ (DµdLpa)) C[1,1]
f2f3,f4,f5

[35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a5

(5.160)
OCLd3

LēLD Y
[

p r
s

]
ϵabcCLνλρ

µ (ēLtγ
ρ (DµdLpa))

(
dLrbCσ

νλdLsc

)
C[2,1]

f2f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a4

(5.161)

O(1,2)
CLdRdLνuLD

ϵabcCLνλρ
µ (dRtcCγ

ρ (DµdLpa))
(
uLrbCσ

νλνLs

)
Cf2,f3,f4,f5 [35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a5

ϵabcCLνλρ
µ (dRtcCγ

ρdLpa)
(
(DµuLrb)CσνλνLs

)
Cf2,f3,f4,f5 [45]⟨12⟩⟨13⟩⟨14⟩2ϵa2a3a5

(5.162)

O(1,2)
CLdLeLuRuLD

ϵabcCLνλρ
µ (uRtcCγ

ρ (DµdLpa))
(
eLrCσ

νλuLsb

)
Cf2,f3,f4,f5 [35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a4a5

ϵabcCLνλρ
µ (uRtcCγ

ρdLpa)
(
(DµeLr)CσνλuLsb

)
Cf2,f3,f4,f5 [45]⟨12⟩⟨13⟩⟨14⟩2ϵa2a4a5

(5.163)

O(1,2)
CLd2

Lν̄uLD

Y [ p r ] ϵabcCLνλρ
µ (ν̄Ltγ

ρ (DµdLpa))
(
dLrbCσ

νλuLsc

)
C[2]

f2f3,f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a4

Y
[

p
r

]
ϵabcCLνλρ

µ (ν̄Ltγ
ρ (DµdLpa))

(
dLrbCσ

νλuLsc

)
C[1,1]

f2f3,f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a4

(5.164)

O(1,2)
CLdReLu2

LD

Y [ s t ] ϵabcCLνλρ
µ (dRtcCγ

ρ (DµeLp))
(
uLraCσ

νλuLsb

)
C[2]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩ϵa3a4a5

Y
[

s
t

]
ϵabcCLνλρ

µ (dRtcCγ
ρeLp)

(
(DµuLra)CσνλuLsb

)
C[1,1]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩ϵa3a4a5

(5.165)

O(1,2)
CLdLeRu2

LD

Y [ s t ] ϵabcCLνλρ
µ (eRtCγ

ρ (DµdLpa))
(
uLrbCσ

νλuLsc

)
C[2]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a4

Y
[

s
t

]
ϵabcCLνλρ

µ (eRtCγ
ρdLpa)

(
(DµuLrb)CσνλuLsc

)
C[1,1]

f2,f3f4,f5
[35]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a4

(5.166)

Class CR
2FLψ

2: 6 types

OCR2FLν2 Y
[

p
r

]
CRµνλρC

µνλρ
R FLηξ

(
νLpCσ

ηξνLr

)
C[2]

f2f3
[45]4⟨12⟩⟨13⟩ (5.167)

OCR2FLēReL CRµνλρC
µνλρ
R FLηξ

(
ēRpσ

ηξeLr

)
Cf2,f3 [45]4⟨12⟩⟨13⟩ (5.168)

OCR2FLd̄RdL
CRµνλρC

µνλρ
R FLηξ

(
d̄R

a
pσ

ηξdLra

)
Cf2,f3 [45]4⟨12⟩⟨13⟩δa3

a2 (5.169)

OCR2FLūRuL CRµνλρC
µνλρ
R FLηξ

(
ūR

a
pσ

ηξuLra

)
Cf2,f3 [45]4⟨12⟩⟨13⟩δa3

a2 (5.170)

OCR2GLd̄RdL
λAb

aCRµνλρC
µνλρ
R GA

L ηξ

(
d̄R

a
pσ

ηξdLrb

)
Cf2,f3 [45]4⟨12⟩⟨13⟩

(
λA1

)a3

a2
(5.171)

OCR2GLūRuL λAb
aCRµνλρC

µνλρ
R GA

L ηξ

(
ūR

a
pσ

ηξuLrb

)
Cf2,f3 [45]4⟨12⟩⟨13⟩

(
λA1

)a3

a2
(5.172)
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5.6 Dim-10 operator and amplitude bases

Class CLFL
3D2: 2 types

OCLFLGL2D2 GA
L

λρGA
L

ξν (DµCLνλρη) (DµFLξ
η) s34⟨12⟩⟨13⟩2⟨14⟩⟨24⟩δA3A4 (5.173)

OCLGL3D2 fABCGC
L

ξνGB
L ξ

λ (DµCLνλρη)
(
DµGA

L
ρη
)
s34⟨12⟩2⟨13⟩⟨14⟩⟨34⟩fA2A3A4 (5.174)

Class CL
2FL

2D2: 2 types

O(1,2)
CL2FL2D2

FLξτF
ξτ
L (DµCLνλρη)

(
DµCνλρη

L

)
s34⟨12⟩4⟨34⟩2

F νλ
L F ξτ

L (DµCLνλρη) (DµCLξτ
ρη) s34⟨12⟩2⟨13⟩2⟨24⟩2 (5.175)

O(1,2)
CL2GL2D2

GA
L ξτG

A
L

ξτ (DµCLνλρη)
(
DµCνλρη

L

)
s34⟨12⟩4⟨34⟩2δA3A4

GA
L

νλGA
L

ξτ (DµCLνλρη) (DµCLξτ
ρη) s34⟨12⟩2⟨13⟩2⟨24⟩2δA3A4

(5.176)

Class CL
3FLD

2: 1 types

OCL3FLD2 F υξ
L CLυ

τνλ (DµCLνλρη) (DµCLξτ
ρη) s34⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩⟨34⟩ (5.177)

Class CL
4D2: 1 types

OCL4D2 CLξτυφC
ξτυφ
L (DµCLνλρη)

(
DµCνλρη

L

)
s34⟨12⟩4⟨34⟩4 (5.178)

Class CLFL
2FRD

2: 2 types

OCLFLGLGRD2 GA
R

ξλGA
L ξ

η (DνF
ρµ
L ) (DµCLλρη

ν) [34]2⟨12⟩⟨13⟩3⟨23⟩δA3A4 (5.179)

OCLGL2GRD2 fABCGC
R

ξλGB
L ξ

η
(
DνG

A
L

ρµ
)
(DµCLλρη

ν) [34]2⟨12⟩⟨13⟩3⟨23⟩fA2A3A4 (5.180)

Class CL
2FLFRD

2: 2 types

OCL2FLFRD2 Cρνξµ
L F τλ

R FLτ
η (DµDνCLλρηξ) [34]2⟨12⟩2⟨13⟩2⟨23⟩2 (5.181)

OCL2GLGRD2 Cρνξµ
L GA

R
τλGA

L τ
η (DµDνCLλρηξ) [34]2⟨12⟩2⟨13⟩2⟨23⟩2δA3A4 (5.182)

Class CLFLψψ̄D
3: 11 types

O(1,2)
CLFLνν̄D3

(DµCLλρη
ν) (ν̄Lrγ

ηνLp)
((
DνD

µF λρ
L

))
Cf3,f4 [34]s34⟨12⟩2⟨13⟩2(

DνF
λρ
L

)
(DµCLλρη

ν) (ν̄Lrγ
η (DµνLp)) Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩

(5.183)

O(1,2)
CLFLēReRD3

(DµCLλρη
ν) (ēRpγ

ηeRr)
(
DνD

µF λρ
L

)
Cf3,f4 [34]s34⟨12⟩2⟨13⟩2(

DνF
λρ
L

)
(DµCLλρη

ν) ((DµēRp) γηeRr) Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩
(5.184)

O(1,2)
CLFLeLēLD3

(DµCLλρη
ν) ((ēLrγ

ηeLp))
(
DνD

µF λρ
L

)
Cf3,f4 [34]s34⟨12⟩2⟨13⟩2(

DνF
λρ
L

)
(DµCLλρη

ν) (ēLrγ
η (DµeLp)) Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩

(5.185)
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O(1,2)
CLFLd̄RdRD3

(DµCLλρη
ν)
(
d̄R

a
pγ

ηdRra

) (
DνD

µF λρ
L

)
Cf3,f4 [34]s34⟨12⟩2⟨13⟩2δa4

a3(
DνF

λρ
L

)
(DµCLλρη

ν)
((
Dµd̄R

a
p

)
γηdRra

)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩δa4

a3

(5.186)

O(1,2)
CLFLdLd̄LD3

(DµCLλρη
ν)
((
d̄Lr

aγηdLpa

)) (
DνD

µF λρ
L

)
Cf3,f4 [34]s34⟨12⟩2⟨13⟩2δa3

a4(
DνF

λρ
L

)
(DµCLλρη

ν)
(
d̄Lr

aγη (DµdLpa)
)

Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩δa3
a4

(5.187)

O(1,2)
CLFLūRuRD3

(DµCLλρη
ν)
(
ūR

a
pγ

ηuRra

) (
DνD

µF λρ
L

)
Cf3,f4 [34]s34⟨12⟩2⟨13⟩2δa4

a3(
DνF

λρ
L

)
(DµCLλρη

ν)
((
DµūR

a
p

)
γηuRra

)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩δa4

a3

(5.188)

O(1,2)
CLFLuLūLD3

(DµCLλρη
ν) (ūLr

aγηuLpa)
((
DνD

µF λρ
L

))
Cf3,f4 [34]s34⟨12⟩2⟨13⟩2δa3

a4(
DνF

λρ
L

)
(DµCLλρη

ν) (ūLr
aγη (DµuLpa)) Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩δa3

a4

(5.189)

O(1,2)
CLGLd̄RdRD3

λAb
a (DµCLλρη

ν)
(
d̄R

a
pγ

ηdRrb

) (
DνD

µGA
L

λρ
)

Cf3,f4 [34]s34⟨12⟩2⟨13⟩2
(
λA2

)a4

a3

λAb
a

(
DνG

A
L

λρ
)
(DµCLλρη

ν)
((
Dµd̄R

a
p

)
γηdRrb

)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩

(
λA2

)a4

a3

(5.190)

O(1,2)
CLGLdLd̄LD3

λAa
b (DµCLλρη

ν)
(
d̄Lr

bγηdLpa

) (
DνD

µGA
L

λρ
)

Cf3,f4 [34]s34⟨12⟩2⟨13⟩2
(
λA2

)a3

a4

λAa
b

(
DνG

A
L

λρ
)
(DµCLλρη

ν)
(
d̄Lr

bγη (DµdLpa)
)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩

(
λA2

)a3

a4

(5.191)

O(1,2)
CLGLūRuRD3

λAb
a (DµCLλρη

ν)
(
ūR

a
pγ

ηuRrb

) (
DνD

µGA
L

λρ
)

Cf3,f4 [34]s34⟨12⟩2⟨13⟩2
(
λA2

)a4

a3

λAb
a

(
DνG

A
L

λρ
)
(DµCLλρη

ν)
((
DµūR

a
p

)
γηuRrb

)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩

(
λA2

)a4

a3

(5.192)

O(1,2)
CLGLuLūLD3

λAa
b (DµCLλρη

ν)
(
ūLr

bγηuLpa

) (
DνD

µGA
L

λρ
)

Cf3,f4 [34]s34⟨12⟩2⟨13⟩2
(
λA2

)a3

a4

λAa
b

(
DνG

A
L

λρ
)
(DµCLλρη

ν)
(
ūLr

bγη (DµuLpa)
)
Cf3,f4 [34]2⟨12⟩⟨13⟩3⟨24⟩

(
λA2

)a3

a4

(5.193)

Class CL
2ψψ̄D3: 7 types

OCL2νν̄D3 Cλρηξ
L (DµDνCLλρηξ) (ν̄Lrγ

ν (DµνLp)) Cf3,f4 [34]2⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩ (5.194)

OCL2ēReRD3 Cλρηξ
L (DµDνCLλρηξ) ((DµēRp) γνeRr) Cf3,f4 [34]2⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩ (5.195)

OCL2eLēLD3 Cλρηξ
L (DµDνCLλρηξ) (ēLrγ

ν (DµeLp)) Cf3,f4 [34]2⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩ (5.196)

OCL2d̄RdRD3 C
λρηξ
L (DµDνCLλρηξ)

((
Dµd̄R

a
p

)
γνdRra

)
Cf3,f4 [34]2⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa4

a3

(5.197)

OCL2dLd̄LD3 C
λρηξ
L (DµDνCLλρηξ)

(
d̄Lr

aγν (DµdLpa)
)
Cf3,f4 [34]2⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa3

a4

(5.198)
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OCL2ūRuRD3 Cλρηξ
L (DµDνCLλρηξ)

((
DµūR

a
p

)
γνuRra

)
Cf3,f4 [34]2⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa4

a3

(5.199)

OCL2uLūLD3 Cλρηξ
L (DµDνCLλρηξ) (ūLr

aγν (DµuLpa)) Cf3,f4 [34]2⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa3
a4

(5.200)

Class CR
2FL

2D2: 2 types

OCR2FL2D2 CRρηξτC
ρηξτ
R (DµFLνλ)

(
DµF νλ

L

)
[34]4s34⟨12⟩2 (5.201)

OCR2GL2D2 CRρηξτC
ρηξτ
R

(
DµG

A
L νλ

) (
DµGA

L
νλ
)
[34]4s34⟨12⟩2δA1A2 (5.202)

Class CRFL
2FRD

2: 2 types

OCRFLGLGRD2 Cηξρλ
R GA

Rηξ (DµFLλ
ν)
(
DνG

A
L ρ

µ
)
[34]4⟨12⟩⟨13⟩⟨23⟩δA2A3 (5.203)

OCRGL2GRD2 fABCCηξρλ
R GC

Rηξ

(
DµG

A
L λ

ν
) (
DνG

B
L ρ

µ
)
[34]4⟨12⟩⟨13⟩⟨23⟩fA1A2A3 (5.204)

Class CLCRFLFRD
2: 2 types

OCLCRFLFRD2 Cξτηλ
R FRξτCLλ

ν
ρ

µ (DµDνFLη
ρ) [34]4⟨12⟩2⟨13⟩2 (5.205)

OCLCRGLGRD2 Cξτηλ
R GA

RξτCLλ
ν

ρ
µ
(
DµDνG

A
L η

ρ
)
[34]4⟨12⟩2⟨13⟩2δA2A3 (5.206)

Class CL
2CR

2D2: 1 types

OCL2CR2D2 CRξτυφC
ξτυφ
R (DµCLνλρη)

(
DµCνλρη

L

)
[34]4s34⟨12⟩4 (5.207)

Class CRFLψψ̄D
3: 11 types

OCRFLνν̄D3 Cρ
Rη

λµ (DµFLρ
ν) (ν̄Lrγ

η (DλDννLp)) Cf2,f3 [34]4⟨13⟩2⟨23⟩ (5.208)

OCRFLēReRD3 Cρ
Rη

λµ (DµFLρ
ν) ((DλDν ēRp) γηeRr) Cf2,f3 [34]4⟨13⟩2⟨23⟩ (5.209)

OCRFLeLēLD3 Cρ
Rη

λµ (DµFLρ
ν) (ēLrγ

η (DλDνeLp)) Cf2,f3 [34]4⟨13⟩2⟨23⟩ (5.210)

OCRFLd̄RdRD3 C
ρ
Rη

λµ (DµFLρ
ν)
((
DλDν d̄R

a
p

)
γηdRra

)
Cf2,f3 [34]4⟨13⟩2⟨23⟩δa3

a2 (5.211)

OCRFLdLd̄LD3 C
ρ
Rη

λµ (DµFLρ
ν)
(
d̄Lr

aγη (DλDνdLpa)
)
Cf2,f3 [34]4⟨13⟩2⟨23⟩δa2

a3 (5.212)

OCRFLūRuRD3 Cρ
Rη

λµ (DµFLρ
ν)
((
DλDν ūR

a
p

)
γηuRra

)
Cf2,f3 [34]4⟨13⟩2⟨23⟩δa3

a2 (5.213)

OCRFLuLūLD3 Cρ
Rη

λµ (DµFLρ
ν) (ūLr

aγη (DλDνuLpa)) Cf2,f3 [34]4⟨13⟩2⟨23⟩δa2
a3 (5.214)

OCRGLd̄RdRD3 λAb
aC

ρ
Rη

λµ
(
DµG

A
L ρ

ν
) ((

DλDν d̄R
a
p

)
γηdRrb

)
Cf2,f3 [34]4⟨13⟩2⟨23⟩

(
λA1

)a3

a2

(5.215)

OCRGLdLd̄LD3 λAa
bC

ρ
Rη

λµ
(
DµG

A
L ρ

ν
) (
d̄Lr

bγη (DλDνdLpa)
)
Cf2,f3 [34]4⟨13⟩2⟨23⟩

(
λA1

)a2

a3

(5.216)

OCRGLūRuRD3 λAb
aC

ρ
Rη

λµ
(
DµG

A
L ρ

ν
) ((

DλDν ūR
a
p

)
γηuRrb

)
Cf2,f3 [34]4⟨13⟩2⟨23⟩

(
λA1

)a3

a2

(5.217)

OCRGLuLūLD3 λAa
bC

ρ
Rη

λµ
(
DµG

A
L ρ

ν
) (
ūLr

bγη (DλDνuLpa)
)
Cf2,f3 [34]4⟨13⟩2⟨23⟩

(
λA1

)a2

a3

(5.218)
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Class CLCRψψ̄D
3: 7 types

OCLCRνν̄D3 CRξ
ρληCLρ

ν
η

µ
(
ν̄Lrγ

ξ (DλDµDννLp)
)
Cf2,f3 [34]4⟨12⟩⟨13⟩3 (5.219)

OCLCRēReRD3 CRξ
ρληCLρ

ν
η

µ
(
(DλDµDν ēRp) γξeRr

)
Cf2,f3 [34]4⟨12⟩⟨13⟩3 (5.220)

OCLCReLēLD3 CRξ
ρληCLρ

ν
η

µ
(
ēLrγ

ξ (DλDµDνeLp)
)
Cf2,f3 [34]4⟨12⟩⟨13⟩3 (5.221)

OCLCRd̄RdRD3 CRξ
ρληCLρ

ν
η

µ
((
DλDµDν d̄R

a
p

)
γξdRra

)
Cf2,f3 [34]4⟨12⟩⟨13⟩3δa3

a2 (5.222)

OCLCRdLd̄LD3 CRξ
ρληCLρ

ν
η

µ
(
d̄Lr

aγξ (DλDµDνdLpa)
)
Cf2,f3 [34]4⟨12⟩⟨13⟩3δa2

a3 (5.223)

OCLCRūRuRD3 CRξ
ρληCLρ

ν
η

µ
((
DλDµDν ūR

a
p

)
γξuRra

)
Cf2,f3 [34]4⟨12⟩⟨13⟩3δa3

a2 (5.224)

OCLCRuLūLD3 CRξ
ρληCLρ

ν
η

µ
(
ūLr

aγξ (DλDµDνuLpa)
)
Cf2,f3 [34]4⟨12⟩⟨13⟩3δa2

a3 (5.225)

Class CLFL
4: 4 types

OCLFL4 CLµνλρFLηξF
ηξ
L F λρ

L Fµν
L ⟨12⟩2⟨13⟩2⟨45⟩2 (5.226)

O(1∼3)
CLFL2GL2

CLµνλρF
λρ
L Fµν

L GA
L ηξG

A
L

ηξ ⟨12⟩2⟨13⟩2⟨45⟩2δA4A5

CLµνλρFLηξF
λρ
L GA

L
ηξGA

L
µν ⟨12⟩2⟨14⟩2⟨35⟩2δA4A5

CLµνλρG
A
L

νλGA
L

ξµFLη
ρFLξ

η ⟨12⟩⟨13⟩⟨14⟩2⟨25⟩⟨35⟩δA4A5

(5.227)

O(1,2)
CLFLGL3

dABCCLµνλρF
λρ
L GA

L
µνGB

L ηξG
C
L

ηξ ⟨12⟩2⟨13⟩2⟨45⟩2dA3A4A5

dABCCLµνλρFLηξG
A
L

λρGB
L

µνGC
L

ηξ ⟨13⟩2⟨14⟩2⟨25⟩2dA3A4A5
(5.228)

O(1∼3)
CLGL4

dABEdCDECLµνλρG
A
L

λρGB
L

µνGC
L ηξG

D
L

ηξ ⟨12⟩2⟨13⟩2⟨45⟩2dEA2A3dEA4A5

dABEdCDECLµνλρG
A
L

λρGB
L ηξG

C
L

µνGD
L

ηξ ⟨12⟩2⟨14⟩2⟨35⟩2dEA2A3dEA4A5

fABEfCDECLµνλρG
A
L

λρGD
L

ξηGB
L η

νGC
L ξ

µ ⟨12⟩2⟨14⟩2⟨35⟩2fEA2A3fEA4A5

(5.229)

Class CL
2FL

3: 2 types

OCL2FLGL2 CLµνλρG
A
L

ξµGA
L

τηCLηξ
λρFLτ

ν ⟨12⟩⟨13⟩2⟨14⟩⟨24⟩⟨25⟩2δA4A5 (5.230)

OCL2GL3 fABCCLµνλρC
µνλρ
L GA

L ηξG
C
L

τηGB
L τ

ξ ⟨12⟩4⟨34⟩⟨35⟩⟨45⟩fA3A4A5 (5.231)

Class CL
3FL

2: 2 types

O(1,2)
CL3FL2

CLµνλρC
µνηξ
L FLτυF

τυ
L CLηξ

λρ ⟨12⟩4⟨34⟩2⟨35⟩2

CLηξτυCLµνλρC
µνλρ
L F ηξ

L F τυ
L ⟨12⟩2⟨13⟩2⟨23⟩2⟨45⟩2 (5.232)

O(1,2)
CL3GL2

CLµνλρC
µνηξ
L GA

L τυG
A
L

τυCLηξ
λρ ⟨12⟩4⟨34⟩2⟨35⟩2δA4A5

CLηξτυCLµνλρC
µνλρ
L GA

L
ηξGA

L
τυ ⟨12⟩2⟨13⟩2⟨23⟩2⟨45⟩2δA4A5

(5.233)

Class CL
5: 1 types

OCL5 CLµνλρCLτυφχC
µνηξ
L Cτυφχ

L CLηξ
λρ ⟨12⟩4⟨34⟩2⟨35⟩2⟨45⟩2 (5.234)

Class CLFL
2ψψ̄D: 18 types

O(1,2)
CLFL2νν̄D

F νλ
L F ρη

L (DµCLνλρη) (ν̄Lrγ
µνLp) Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩

F ην
L CLνλρ

µ
(
DµFLη

λ
)
(ν̄Lrγ

ρνLp) Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩ (5.235)
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O(1,2)
CLFL2ēReRD

F νλ
L F ρη

L (DµCLνλρη) (ēRpγ
µeRr) Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩

F ην
L CLνλρ

µ
(
DµFLη

λ
)
(ēRpγ

ρeRr) Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩ (5.236)

O(1,2)
CLFL2eLēLD

F νλ
L F ρη

L (DµCLνλρη) (ēLrγ
µeLp) Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩

F ην
L CLνλρ

µ
(
DµFLη

λ
)
(ēLrγ

ρeLp) Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩ (5.237)

O(1,2)
CLFL2d̄RdRD

F νλ
L F ρη

L (DµCLνλρη)
(
d̄R

a
pγ

µdRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa5

a4

F ην
L CLνλρ

µ
(
DµFLη

λ
) (
d̄R

a
pγ

ρdRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa5

a4

(5.238)

O(1,2)
CLFL2dLd̄LD

F νλ
L F ρη

L (DµCLνλρη)
(
d̄Lr

aγµdLpa

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa4

a5

F ην
L CLνλρ

µ
(
DµFLη

λ
) (
d̄Lr

aγρdLpa

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa4

a5

(5.239)

O(1,2)
CLFL2ūRuRD

F νλ
L F ρη

L (DµCLνλρη)
(
ūR

a
pγ

µuRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa5

a4

F ην
L CLνλρ

µ
(
DµFLη

λ
) (
ūR

a
pγ

ρuRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa5

a4

(5.240)

O(1,2)
CLFL2uLūLD

F νλ
L F ρη

L (DµCLνλρη) (ūLr
aγµuLpa) Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa4

a5

F ην
L CLνλρ

µ
(
DµFLη

λ
)
(ūLr

aγρuLpa) Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa4
a5

(5.241)

O(1∼4)
CLFLGLd̄RdRD

λAb
aF

ρη
L GA

L
νλ (DµCLνλρη)

(
d̄R

a
pγ

µdRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩

(
λA3

)a5

a4

λAb
aG

A
L

ηνCLνλρ
µ
(
DµFLη

λ
) (
d̄R

a
pγ

ρdRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩

(
λA3

)a5

a4

λAb
aCLνλρηG

A
L

νλ (DµF
ρη
L )

(
d̄R

a
pγ

µdRrb

)
Cf4,f5 [35]⟨12⟩⟨13⟩3⟨24⟩

(
λA3

)a5

a4

λAb
aCLνλρ

µFLη
λ
(
DµG

A
L

ην
) (
d̄R

a
pγ

ρdRrb

)
Cf4,f5 [45]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

(
λA3

)a5

a4

(5.242)

O(1∼4)
CLFLGLdLd̄LD

λAa
bF

ρη
L GA

L
νλ (DµCLνλρη)

(
d̄Lr

bγµdLpa

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩

(
λA3

)a4

a5

λAa
bG

A
L

ηνCLνλρ
µ
(
DµFLη

λ
) (
d̄Lr

bγρdLpa

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩

(
λA3

)a4

a5

λAa
bCLνλρηG

A
L

νλ (DµF
ρη
L )

(
d̄Lr

bγµdLpa

)
Cf4,f5 [35]⟨12⟩⟨13⟩3⟨24⟩

(
λA3

)a4

a5

λAa
bCLνλρ

µFLη
λ
(
DµG

A
L

ην
) (
d̄Lr

bγρdLpa

)
Cf4,f5 [45]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

(
λA3

)a4

a5

(5.243)

O(1∼4)
CLFLGLūRuRD

λAb
aF

ρη
L GA

L
νλ (DµCLνλρη)

(
ūR

a
pγ

µuRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩

(
λA3

)a5

a4

λAb
aG

A
L

ηνCLνλρ
µ
(
DµFLη

λ
) (
ūR

a
pγ

ρuRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩

(
λA3

)a5

a4

λAb
aCLνλρηG

A
L

νλ (DµF
ρη
L )

(
ūR

a
pγ

µuRrb

)
Cf4,f5 [35]⟨12⟩⟨13⟩3⟨24⟩

(
λA3

)a5

a4

λAb
aCLνλρ

µFLη
λ
(
DµG

A
L

ην
) (
ūR

a
pγ

ρuRrb

)
Cf4,f5 [45]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

(
λA3

)a5

a4

(5.244)

O(1∼4)
CLFLGLuLūLD

λAa
bF

ρη
L GA

L
νλ (DµCLνλρη)

(
ūLr

bγµuLpa

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩

(
λA3

)a4

a5

λAa
bG

A
L

ηνCLνλρ
µ
(
DµFLη

λ
) (
ūLr

bγρuLpa

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩

(
λA3

)a4

a5

λAa
bCLνλρηG

A
L

νλ (DµF
ρη
L )

(
ūLr

bγµuLpa

)
Cf4,f5 [35]⟨12⟩⟨13⟩3⟨24⟩

(
λA3

)a4

a5

λAa
bCLνλρ

µFLη
λ
(
DµG

A
L

ην
) (
ūLr

bγρuLpa

)
Cf4,f5 [45]⟨12⟩⟨13⟩2⟨14⟩⟨24⟩

(
λA3

)a4

a5

(5.245)

O(1,2)
CLGL2νν̄D

GA
L

νλGA
L

ρη (DµCLνλρη) (ν̄Lrγ
µνLp) Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δA2A3

GA
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
)
(ν̄Lrγ

ρνLp) Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δA2A3
(5.246)
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O(1,2)
CLGL2ēReRD

GA
L

νλGA
L

ρη (DµCLνλρη) (ēRpγ
µeRr) Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δA2A3

GA
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
)
(ēRpγ

ρeRr) Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δA2A3

(5.247)

O(1,2)
CLGL2eLēLD

GA
L

νλGA
L

ρη (DµCLνλρη) (ēLrγ
µeLp) Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δA2A3

GA
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
)
(ēLrγ

ρeLp) Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δA2A3

(5.248)

O(1∼6)
CLGL2d̄RdRD

GA
L

νλGA
L

ρη (DµCLνλρη)
(
d̄R

a
pγ

µdRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa5

a4δ
A2A3

GA
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
d̄R

a
pγ

ρdRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa5

a4δ
A2A3

dABCλCb
aG

A
L

ρηGB
L

νλ (DµCLνλρη)
(
d̄R

a
pγ

µdRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩dCA2A3

(
λC
)a5

a4

dABCλCb
aG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
d̄R

a
pγ

ρdRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩dCA2A3

(
λC
)a5

a4

fABCλCb
aG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
d̄R

a
pγ

ρdRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩fCA2A3

(
λC
)a5

a4

fABCλCb
aCLνλρηG

B
L

νλ
(
DµG

A
L

ρη
) (
d̄R

a
pγ

µdRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩fCA2A3

(
λC
)a5

a4

(5.249)

O(1∼6)
CLGL2dLd̄LD

GA
L

νλGA
L

ρη (DµCLνλρη)
(
d̄Lr

aγµdLpa

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa4

a5δ
A2A3

GA
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
d̄Lr

aγρdLpa

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa4

a5δ
A2A3

dABCλCa
bG

A
L

ρηGB
L

νλ (DµCLνλρη)
(
d̄Lr

bγµdLpa

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩dCA2A3

(
λC
)a4

a5

dABCλCa
bG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
d̄Lr

bγρdLpa

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩dCA2A3

(
λC
)a4

a5

fABCλCa
bG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
d̄Lr

bγρdLpa

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩fCA2A3

(
λC
)a4

a5

fABCλCa
bCLνλρηG

B
L

νλ
(
DµG

A
L

ρη
) (
d̄Lr

bγµdLpa

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩fCA2A3

(
λC
)a4

a5

(5.250)

O(1∼6)
CLGL2ūRuRD

GA
L

νλGA
L

ρη (DµCLνλρη)
(
ūR

a
pγ

µuRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa5

a4δ
A2A3

GA
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
ūR

a
pγ

ρuRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa5

a4δ
A2A3

dABCλCb
aG

A
L

ρηGB
L

νλ (DµCLνλρη)
(
ūR

a
pγ

µuRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩dCA2A3

(
λC
)a5

a4

dABCλCb
aG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
ūR

a
pγ

ρuRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩dCA2A3

(
λC
)a5

a4

fABCλCb
aG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
ūR

a
pγ

ρuRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩fCA2A3

(
λC
)a5

a4

fABCλCb
aCLνλρηG

B
L

νλ
(
DµG

A
L

ρη
) (
ūR

a
pγ

µuRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩fCA2A3

(
λC
)a5

a4

(5.251)

O(1∼6)
CLGL2uLūLD

GA
L

νλGA
L

ρη (DµCLνλρη) (ūLr
aγµuLpa) Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩δa4

a5δ
A2A3

GA
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
)
(ūLr

aγρuLpa) Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩δa4
a5δ

A2A3

dABCλCa
bG

A
L

ρηGB
L

νλ (DµCLνλρη)
(
ūLr

bγµuLpa

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩dCA2A3

(
λC
)a4

a5

dABCλCa
bG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
ūLr

bγρuLpa

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩dCA2A3

(
λC
)a4

a5

fABCλCa
bG

B
L

ηνCLνλρ
µ
(
DµG

A
L η

λ
) (
ūLr

bγρuLpa

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨34⟩fCA2A3

(
λC
)a4

a5

fABCλCa
bCLνλρηG

B
L

νλ
(
DµG

A
L

ρη
) (
ūLr

bγµuLpa

)
Cf4,f5 [45]⟨12⟩2⟨13⟩⟨14⟩⟨34⟩fCA2A3

(
λC
)a4

a5

(5.252)
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Class CL
2FLψψ̄D: 11 types

O(1∼3)
CL2FLνν̄D

F ξν
L CLξ

λρη (DµCLνλρη) (ν̄Lrγ
µνLp) Cf4,f5 [45]⟨12⟩4⟨34⟩2

F νλ
L Cρη

L ξ
µ (DµCLνλρη)

(
ν̄Lrγ

ξνLp

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩

CLηξ
νλCLνλρ

µ
(
DµF

ηξ
L

)
(ν̄Lrγ

ρνLp) Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2
(5.253)

O(1∼3)
CL2FLēReRD

F ξν
L CLξ

λρη (DµCLνλρη) (ēRpγ
µeRr) Cf4,f5 [45]⟨12⟩4⟨34⟩2

F νλ
L Cρη

L ξ
µ (DµCLνλρη)

(
ēRpγ

ξeRr

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩

CLηξ
νλCLνλρ

µ
(
DµF

ηξ
L

)
(ēRpγ

ρeRr) Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2
(5.254)

O(1∼3)
CL2FLeLēLD

F ξν
L CLξ

λρη (DµCLνλρη) (ēLrγ
µeLp) Cf4,f5 [45]⟨12⟩4⟨34⟩2

F νλ
L Cρη

L ξ
µ (DµCLνλρη)

(
ēLrγ

ξeLp

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩

CLηξ
νλCLνλρ

µ
(
DµF

ηξ
L

)
(ēLrγ

ρeLp) Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2
(5.255)

O(1∼3)
CL2FLd̄RdRD

F ξν
L CLξ

λρη (DµCLνλρη)
(
d̄R

a
pγ

µdRra

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2δa5

a4

F νλ
L Cρη

L ξ
µ (DµCLνλρη)

(
d̄R

a
pγ

ξdRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa5

a4

CLηξ
νλCLνλρ

µ
(
DµF

ηξ
L

) (
d̄R

a
pγ

ρdRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2δa5

a4

(5.256)

O(1∼3)
CL2FLdLd̄LD

F ξν
L CLξ

λρη (DµCLνλρη)
(
d̄Lr

aγµdLpa

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2δa4

a5

F νλ
L Cρη

L ξ
µ (DµCLνλρη)

(
d̄Lr

aγξdLpa

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa4

a5

CLηξ
νλCLνλρ

µ
(
DµF

ηξ
L

) (
d̄Lr

aγρdLpa

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2δa4

a5

(5.257)

O(1∼3)
CL2FLūRuRD

F ξν
L CLξ

λρη (DµCLνλρη)
(
ūR

a
pγ

µuRra

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2δa5

a4

F νλ
L Cρη

L ξ
µ (DµCLνλρη)

(
ūR

a
pγ

ξuRra

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa5

a4

CLηξ
νλCLνλρ

µ
(
DµF

ηξ
L

) (
ūR

a
pγ

ρuRra

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2δa5

a4

(5.258)

O(1∼3)
CL2FLuLūLD

F ξν
L CLξ

λρη (DµCLνλρη) (ūLr
aγµuLpa) Cf4,f5 [45]⟨12⟩4⟨34⟩2δa4

a5

F νλ
L Cρη

L ξ
µ (DµCLνλρη)

(
ūLr

aγξuLpa

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩δa4

a5

CLηξ
νλCLνλρ

µ
(
DµF

ηξ
L

)
(ūLr

aγρuLpa) Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2δa4
a5

(5.259)

O(1∼3)
CL2GLd̄RdRD

λAb
aG

A
L

ξνCLξ
λρη (DµCLνλρη)

(
d̄R

a
pγ

µdRrb

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2

(
λA3

)a5

a4

λAb
aG

A
L

νλCρη
L ξ

µ (DµCLνλρη)
(
d̄R

a
pγ

ξdRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩

(
λA3

)a5

a4

λAb
aCLηξ

νλCLνλρ
µ
(
DµG

A
L

ηξ
) (
d̄R

a
pγ

ρdRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2

(
λA3

)a5

a4

(5.260)

O(1∼3)
CL2GLdLd̄LD

λAa
bG

A
L

ξνCLξ
λρη (DµCLνλρη)

(
d̄Lr

bγµdLpa

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2

(
λA3

)a4

a5

λAa
bG

A
L

νλCρη
L ξ

µ (DµCLνλρη)
(
d̄Lr

bγξdLpa

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩

(
λA3

)a4

a5

λAa
bCLηξ

νλCLνλρ
µ
(
DµG

A
L

ηξ
) (
d̄Lr

bγρdLpa

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2

(
λA3

)a4

a5

(5.261)
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O(1∼3)
CL2GLūRuRD

λAb
aG

A
L

ξνCLξ
λρη (DµCLνλρη)

(
ūR

a
pγ

µuRrb

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2

(
λA3

)a5

a4

λAb
aG

A
L

νλCρη
L ξ

µ (DµCLνλρη)
(
ūR

a
pγ

ξuRrb

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩

(
λA3

)a5

a4

λAb
aCLηξ

νλCLνλρ
µ
(
DµG

A
L

ηξ
) (
ūR

a
pγ

ρuRrb

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2

(
λA3

)a5

a4

(5.262)

O(1∼3)
CL2GLuLūLD

λAa
bG

A
L

ξνCLξ
λρη (DµCLνλρη)

(
ūLr

bγµuLpa

)
Cf4,f5 [45]⟨12⟩4⟨34⟩2

(
λA3

)a4

a5

λAa
bG

A
L

νλCρη
L ξ

µ (DµCLνλρη)
(
ūLr

bγξuLpa

)
Cf4,f5 [35]⟨12⟩2⟨13⟩2⟨23⟩⟨24⟩

(
λA3

)a4

a5

λAa
bCLηξ

νλCLνλρ
µ
(
DµG

A
L

ηξ
) (
ūLr

bγρuLpa

)
Cf4,f5 [45]⟨12⟩2⟨13⟩2⟨24⟩2

(
λA3

)a4

a5

(5.263)

Class CLψ
4D2: 18 types

O(1∼4)
CLν4D2

Y [ p r s t ]CLλρ
νµνLsCνLt

(
(DµνLp)Cσλρ (DννLr)

)
C[4]

f2f3f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩

Y
[

p r s
t

]
CLλρ

νµνLsCνLt

(
(DµνLp)Cσλρ (DννLr)

)
C[3,1]

f2f3f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩

Y
[

p r
s t

]
CLλρ

νµνLsCνLt

(
(DµνLp)Cσλρ (DννLr)

)
C[2,2]

f2f3f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩

Y
[

p r
s
t

]
CLλρ

νµ ((DννLs)CνLt)
(
(DµνLp)CσλρνLr

)
C[2,1,1]

f2f3f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩

(5.264)

O(1∼9)
CLēReLν2D2

Y [ s t ]CLλρ
νµνLsCνLt

(
(DµēRp)σλρ (DνeLr)

)
C[2]

f2,f3,f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩

Y [ s t ]CLλρ
νµ ((DµēRp) eLr)

(
(DννLs)CσλρνLt

)
C[2]

f2,f3,f4f5
[45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩

Y [ s t ]CLλρ
νµ (ēRp (DµeLr))

(
(DννLs)CσλρνLt

)
C[2]

f2,f3,f4f5
[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩

Y [ s t ] (DµCLνλρη) (ēRpσ
ρηeLr)

(
(DµνLs)CσνλνLt

)
C[2]

f2,f3,f4f5
[34]⟨13⟩2⟨14⟩2⟨25⟩

Y [ s t ]CLλρ
νµ ((DµēRp)ση

ρeLr)
(
(DννLs)CσηλνLt

)
C[2]

f2,f3,f4f5
[45]⟨13⟩⟨14⟩2⟨15⟩⟨25⟩

Y
[

s
t

]
CLλρ

νµ ((DννLs)CνLt)
(
(DµēRp)σλρeLr

)
C[1,1]

f2,f3,f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩

Y
[

s
t

]
CLλρ

νµ ((DννLs)CνLt)
(
ēRpσ

λρ (DµeLr)
)

C[1,1]
f2,f3,f4f5

s45⟨12⟩⟨13⟩⟨14⟩⟨15⟩
Y
[

s
t

]
CLλρ

νµ ((DµēRp) (DνeLr))
(
νLsCσ

λρνLt

)
C[1,1]

f2,f3,f4f5
[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩

Y
[

s
t

]
(DµCLνλρη)

(
νLsCσ

νλνLt

)
((DµēRp)σρηeLr) C[1,1]

f2,f3,f4f5
[34]⟨13⟩2⟨14⟩2⟨25⟩

(5.265)

O(1∼9)
CLē2

Re2
LD2

Y [ p r , s t ]CLλρ
νµeLsCeLt

(
(DµēRp)σλρC (Dν ēRr)

)
C[2],[2]

f2f3,f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩

Y [ p r , s t ]CLλρ
νµ ((DµēRp)CēRr)

(
(DνeLs)CσλρeLt

)
C[2],[2]

f2f3,f4f5
[45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩

Y [ p r , s t ]CLλρ
νµ
(
(DνeLs)CσηλeLt

)
((DµēRp)ση

ρCēRr) C[2],[2]
f2f3,f4f5

[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩
Y
[

p r , s
t

]
CLλρ

νµ ((DνeLs)CeLt)
(
(DµēRp)σλρCēRr

)
C[2],[1,1]

f2f3,f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩

Y
[

p r , s
t

]
(DµCLνλρη)

(
eLsCσ

νλeLt

)
((DµēRp)σρηCēRr) C[2],[1,1]

f2f3,f4f5
[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩

Y
[

p
r , s t

]
CLλρ

νµ ((DµēRp)CēRr)
(
(DνeLs)CσλρeLt

)
C[1,1],[2]

f2f3,f4f5
[45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩

Y
[

p
r , s t

]
(DµCLνλρη) (ēRpσ

ρηCēRr)
(
(DµeLs)CσνλeLt

)
C[1,1],[2]

f2f3,f4f5
[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩

Y
[

p
r ,

s
t

]
CLλρ

νµ ((DνeLs)CeLt)
(
(DµēRp)σλρCēRr

)
C[1,1],[1,1]

f2f3,f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩

Y
[

p
r ,

s
t

]
CLλρ

νµ ((DµēRp)C (Dν ēRr))
(
eLsCσ

λρeLt

)
C[1,1],[1,1]

f2f3,f4f5
[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩

(5.266)

– 96 –



J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

O(1∼6)
CLd̄3

ReLD2

Y [ p r s ] ϵabcCLλρ
νµ
((
Dν d̄R

c
s

)
eLt

) ((
Dµd̄R

a
p

)
σλρCd̄R

b
r

)
C[3]

f2f3f4,f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩ϵa2a3a4

Y
[

p r
s

] (
d̄R

c
seLt

)
ϵabcCLλρ

νµ
((
Dµd̄R

a
p

)
σλρC

(
Dν d̄R

b
r

))
C[2,1]

f2f3f4,f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩ϵa2a3a4

Y
[

p r
s

]
ϵabcCLλρ

νµ
((
Dν d̄R

c
s

)
eLt

) ((
Dµd̄R

a
p

)
σλρCd̄R

b
r

)
C[2,1]

f2f3f4,f5
[34]⟨12⟩⟨13⟩2⟨14⟩⟨45⟩ϵa2a3a4

Y
[

p r
s

]
ϵabcCLλρ

νµ
((
Dν d̄R

c
s

)
eLt

) (
d̄R

a
pσ

λρC
(
Dµd̄R

b
r

))
C[2,1]

f2f3f4,f5
s45⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

Y
[

p
r
s

] (
d̄R

c
seLt

)
ϵabcCLλρ

νµ
((
Dµd̄R

a
p

)
σλρC

(
Dν d̄R

b
r

))
C[1,1,1]

f2f3f4,f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩ϵa2a3a4

Y
[

p
r
s

]
ϵabcCLλρ

νµ
((
Dν d̄R

c
s

)
eLt

) ((
Dµd̄R

a
p

)
σλρCd̄R

b
r

)
C[1,1,1]

f2f3f4,f5
[34]⟨12⟩⟨13⟩2⟨14⟩⟨45⟩ϵa2a3a4

(5.267)

O(1∼9)
CLd̄2

RνūRD2

Y [ p r ] ϵabcCLλρ
νµ ((Dν ūR

c
s) νLt)

((
Dµd̄R

a
p
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DµūR

a
p

)
uLra

) (
(DννLs)CσλρνLt

)
C[2]

f2,f3,f4f5
[45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩δa3

a2

Y [ s t ]CLλρ
νµ
(
ūR

a
p (DµuLra)

) (
(DννLs)CσλρνLt

)
C[2]

f2,f3,f4f5
[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩δa3

a2

Y [ s t ] (DµCLνλρη)
(
ūR
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c
s)uLtc)

(
d̄R

a
pσ

λρ (DµdLra)
)

Cf2,f3,f4,f5s45⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3
a2δ

a5
a4

CLλρ
νµ
((
Dµd̄R

a
p

)
(DνdLra)

) (
ūR
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ūR

b
sσ

λρuLta

)
Cf2,f3,f4,f5 [45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩δa5

a2δ
a3
a4

CLλρ
νµ
((
Dµd̄R

a
p

)
dLrb

) ((
Dν ūR
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DµūR

a
p

)
ση

ρCūR
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(5.279)

O(1∼9)
CLd2

LνuLD2

Y [ p r ] ϵabcCLλρ
νµ ((DνuLsc)CνLt)

(
(DµdLpa)CσλρdLrb

)
C[2]

f2f3,f4,f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩ϵa2a3a4

Y [ p r ] ϵabcCLλρ
νµ ((DµdLpa)C (DνdLrb))

(
uLscCσ

λρνLt

)
C[2]

f2f3,f4,f5
[45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩ϵa2a3a4

Y [ p r ] ϵabcCLλρ
νµ ((DµdLpa)CdLrb)

(
(DνuLsc)CσλρνLt

)
C[2]

f2f3,f4,f5
[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩ϵa2a3a4

Y [ p r ] ϵabc (DµCLνλρη) (dLpaCσ
ρηdLrb)

(
(DµuLsc)CσνλνLt

)
C[2]

f2f3,f4,f5
s35⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

Y
[

p
r

]
ϵabcCLλρ

νµuLscCνLt

(
(DµdLpa)Cσλρ (DνdLrb)

)
C[1,1]

f2f3,f4,f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩ϵa2a3a4

Y
[

p
r

]
ϵabcCLλρ

νµ ((DνuLsc)CνLt)
(
(DµdLpa)CσλρdLrb

)
C[1,1]

f2f3,f4,f5
[34]⟨12⟩⟨13⟩2⟨14⟩⟨45⟩ϵa2a3a4

Y
[

p
r

]
ϵabcCLλρ

νµ ((DµdLpa)CdLrb)
(
(DνuLsc)CσλρνLt

)
C[1,1]

f2f3,f4,f5
[45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩ϵa2a3a4

Y
[

p
r

]
ϵabc (DµCLνλρη)

(
uLscCσ

νλνLt

)
((DµdLpa)CσρηdLrb) C[1,1]

f2f3,f4,f5
[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩ϵa2a3a4

Y
[

p
r

]
ϵabcCLλρ

νµ ((DµdLpa)Cση
ρdLrb)

(
(DνuLsc)CσηλνLt

)
C[1,1]

f2f3,f4,f5
s35⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

(5.280)

O(1∼9)
CLdLeLu2

LD2

Y [ s t ] ϵabcCLλρ
νµ ((DνuLsb)CuLtc)

(
(DµdLpa)CσλρeLr

)
C[2]

f2,f3,f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩ϵa2a4a5

Y [ s t ] ϵabcCLλρ
νµ ((DνuLsb)CuLtc)

(
dLpaCσ

λρ (DµeLr)
)

C[2]
f2,f3,f4f5

s45⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

Y [ s t ] ϵabcCLλρ
νµ ((DµdLpa)C (DνeLr))

(
uLsbCσ

λρuLtc

)
C[2]

f2,f3,f4f5
[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩ϵa2a4a5

Y [ s t ] ϵabc (DµCLνλρη)
(
uLsbCσ

νλuLtc

)
((DµdLpa)CσρηeLr) C[2]

f2,f3,f4f5
[34]⟨13⟩2⟨14⟩2⟨25⟩ϵa2a4a5

Y
[

s
t

]
ϵabcCLλρ

νµuLsbCuLtc

(
(DµdLpa)Cσλρ (DνeLr)

)
C[1,1]

f2,f3,f4f5
[35]⟨12⟩⟨13⟩2⟨15⟩⟨45⟩ϵa2a4a5

Y
[

s
t

]
ϵabcCLλρ

νµ ((DµdLpa)CeLr)
(
(DνuLsb)CσλρuLtc

)
C[1,1]

f2,f3,f4f5
[45]⟨12⟩⟨14⟩2⟨15⟩⟨35⟩ϵa2a4a5

Y
[

s
t

]
ϵabcCLλρ

νµ (dLpaC (DµeLr))
(
(DνuLsb)CσλρuLtc

)
C[1,1]

f2,f3,f4f5
[34]⟨12⟩⟨13⟩⟨14⟩2⟨35⟩ϵa2a4a5

Y
[

s
t

]
ϵabc (DµCLνλρη) (dLpaCσ

ρηeLr)
(
(DµuLsb)CσνλuLtc

)
C[1,1]

f2,f3,f4f5
[34]⟨13⟩2⟨14⟩2⟨25⟩ϵa2a4a5

Y
[

s
t

]
ϵabcCLλρ

νµ ((DµdLpa)Cση
ρeLr)

(
(DνuLsb)CσηλuLtc

)
C[1,1]

f2,f3,f4f5
[45]⟨13⟩⟨14⟩2⟨15⟩⟨25⟩ϵa2a4a5

(5.281)

Class CR
2FL

3: 1 types

OCR2GL3 fABCCRµνλρC
µνλρ
R GA

L ηξG
C
L

τηGB
L τ

ξ [45]4⟨12⟩⟨13⟩⟨23⟩fA1A2A3 (5.282)

Class CLCR
2FL

2: 2 types

OCLCR2FL2 CLµνλρCRηξτυC
ηξτυ
R F λρ

L Fµν
L [45]4⟨12⟩2⟨13⟩2 (5.283)

OCLCR2GL2 CLµνλρCRηξτυC
ηξτυ
R GA

L
λρGA

L
µν [45]4⟨12⟩2⟨13⟩2δA2A3 (5.284)

Class CLFL
2FR

2: 7 types

OCLFL2FR2 CLµνλρF
λρ
L Fµν

L FRηξF
ηξ
R [45]2⟨12⟩2⟨13⟩2 (5.285)

OCLFL2GR2 CLµνλρF
λρ
L Fµν

L GA
RηξG

A
R

ηξ [45]2⟨12⟩2⟨13⟩2δA4A5 (5.286)

OCLFLFRGLGR CLµνλρF
λρ
L FRηξG

A
L

µνGA
R

ηξ [45]2⟨12⟩2⟨13⟩2δA3A5 (5.287)

OCLFR2GL2 CLµνλρFRηξF
ηξ
R GA

L
λρGA

L
µν [45]2⟨12⟩2⟨13⟩2δA2A3 (5.288)
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OCLFLGLGR2 dABCCLµνλρF
λρ
L GA

L
µνGB

RηξG
C
R

ηξ [45]2⟨12⟩2⟨13⟩2dA3A4A5 (5.289)

OCLFRGL2GR dABCCLµνλρFRηξG
A
L

λρGB
L

µνGC
R

ηξ [45]2⟨12⟩2⟨13⟩2dA2A3A5 (5.290)

O(1∼3)
CLGL2GR2

dABEdCDECLµνλρG
A
L

λρGB
L

µνGC
RηξG

D
R

ηξ [45]2⟨12⟩2⟨13⟩2dEA2A3dEA4A5

CLµνλρG
A
L

λρGA
L

µνGC
RηξG

C
R

ηξ [45]2⟨12⟩2⟨13⟩2δA2A3δA4A5

CLµνλρG
A
L

λρGB
L

µνGA
RηξG

B
R

ηξ [45]2⟨12⟩2⟨13⟩2δA2A4δA3A5

(5.291)

Class CL
3CR

2: 1 types

OCL3CR2 CLµνλρC
µνηξ
L CRτυφχC

τυφχ
R CLηξ

λρ [45]4⟨12⟩2⟨13⟩2⟨23⟩2 (5.292)

Class CL
3FR

2: 2 types

OCL3FR2 CLµνλρC
µνηξ
L FRτυF

τυ
R CLηξ

λρ [45]2⟨12⟩2⟨13⟩2⟨23⟩2 (5.293)

OCL3GR2 CLµνλρC
µνηξ
L GA

RτυG
A
R

τυCLηξ
λρ [45]2⟨12⟩2⟨13⟩2⟨23⟩2δA4A5 (5.294)

Class CLFLFRψψ̄D: 22 types

O(1,2)
CLFLFRνν̄D

F ην
R CLνλρ

µ (DµFLη
ρ)
(
ν̄Lrγ

λνLp

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

F ην
R CLνλρ

µFLη
ρ
(
ν̄Lrγ

λ (DµνLp)
)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2 (5.295)

O(1,2)
CLFLFRēReRD

F ην
R CLνλρ

µ (DµFLη
ρ)
(
ēRpγ

λeRr

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

F ην
R CLνλρ

µFLη
ρ
(
(DµēRp) γλeRr

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2 (5.296)

O(1,2)
CLFLFReLēLD

F ην
R CLνλρ

µ (DµFLη
ρ)
(
ēLrγ

λeLp

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

F ην
R CLνλρ

µFLη
ρ
(
ēLrγ

λ (DµeLp)
)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2 (5.297)

O(1,2)
CLFLFRd̄RdRD

F ην
R CLνλρ

µ (DµFLη
ρ)
(
d̄R

a
pγ

λdRra

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa4

a3

F ην
R CLνλρ

µFLη
ρ
((
Dµd̄R

a
p

)
γλdRra

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa4

a3

(5.298)

O(1,2)
CLFLFRdLd̄LD

F ην
R CLνλρ

µ (DµFLη
ρ)
(
d̄Lr

aγλdLpa

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa3

a4

F ην
R CLνλρ

µFLη
ρ
(
d̄Lr

aγλ (DµdLpa)
)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa3

a4

(5.299)

O(1,2)
CLFLFRūRuRD

F ην
R CLνλρ

µ (DµFLη
ρ)
(
ūR

a
pγ

λuRra

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa4

a3

F ην
R CLνλρ

µFLη
ρ
((
DµūR

a
p

)
γλuRra

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa4

a3

(5.300)

O(1,2)
CLFLFRuLūLD

F ην
R CLνλρ

µ (DµFLη
ρ)
(
ūLr

aγλuLpa

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa3

a4

F ην
R CLνλρ

µFLη
ρ
(
ūLr

aγλ (DµuLpa)
)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa3

a4

(5.301)

O(1,2)
CLFLGRd̄RdRD

λAb
aG

A
R

ηνCLνλρ
µ (DµFLη

ρ)
(
d̄R

a
pγ

λdRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA5

)a4

a3

λAb
aG

A
R

ηνCLνλρ
µFLη

ρ
((
Dµd̄R

a
p

)
γλdRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2

(
λA5

)a4

a3

(5.302)

O(1,2)
CLFLGRdLd̄LD

λAa
bG

A
R

ηνCLνλρ
µ (DµFLη

ρ)
(
d̄Lr

bγλdLpa

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA5

)a3

a4

λAa
bG

A
R

ηνCLνλρ
µFLη

ρ
(
d̄Lr

bγλ (DµdLpa)
)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2

(
λA5

)a3

a4

(5.303)
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O(1,2)
CLFLGRūRuRD

λAb
aG

A
R

ηνCLνλρ
µ (DµFLη

ρ)
(
ūR

a
pγ

λuRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA5

)a4

a3

λAb
aG

A
R

ηνCLνλρ
µFLη

ρ
((
DµūR

a
p

)
γλuRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2

(
λA5

)a4

a3

(5.304)

O(1,2)
CLFLGRuLūLD

λAa
bG

A
R

ηνCLνλρ
µ (DµFLη

ρ)
(
ūLr

bγλuLpa

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA5

)a3

a4

λAa
bG

A
R

ηνCLνλρ
µFLη

ρ
(
ūLr

bγλ (DµuLpa)
)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2

(
λA5

)a3

a4

(5.305)

O(1,2)
CLFRGLd̄RdRD

λAb
aF

ην
R CLνλρ

µ
(
DµG

A
L η

ρ
) (
d̄R

a
pγ

λdRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a4

a3

λAb
aF

ην
R CLνλρ

µGA
L η

ρ
((
Dµd̄R

a
p

)
γλdRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2

(
λA2

)a4

a3

(5.306)

O(1,2)
CLFRGLdLd̄LD

λAa
bF

ην
R CLνλρ

µ
(
DµG

A
L η

ρ
) (
d̄Lr

bγλdLpa

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a3

a4

λAa
bF

ην
R CLνλρ

µGA
L η

ρ
(
d̄Lr

bγλ (DµdLpa)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2
(
λA2

)a3

a4

(5.307)

O(1,2)
CLFRGLūRuRD

λAb
aF

ην
R CLνλρ

µ
(
DµG

A
L η

ρ
) (
ūR

a
pγ

λuRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a4

a3

λAb
aF

ην
R CLνλρ

µGA
L η

ρ
((
DµūR

a
p

)
γλuRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2

(
λA2

)a4

a3

(5.308)

O(1,2)
CLFRGLuLūLD

λAa
bF

ην
R CLνλρ

µ
(
DµG

A
L η

ρ
) (
ūLr

bγλuLpa

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a3

a4

λAa
bF

ην
R CLνλρ

µGA
L η

ρ
(
ūLr

bγλ (DµuLpa)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2
(
λA2

)a3

a4

(5.309)

O(1,2)
CLGLGRνν̄D

GA
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ν̄Lrγ

λνLp

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δA2A5

GA
R

ηνCLνλρ
µGA

L η
ρ
(
ν̄Lrγ

λ (DµνLp)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δA2A5
(5.310)

O(1,2)
CLGLGRēReRD

GA
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ēRpγ

λeRr

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δA2A5

GA
R

ηνCLνλρ
µGA

L η
ρ
(
(DµēRp) γλeRr

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δA2A5

(5.311)

O(1,2)
CLGLGReLēLD

GA
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ēLrγ

λeLp

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δA2A5

GA
R

ηνCLνλρ
µGA

L η
ρ
(
ēLrγ

λ (DµeLp)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δA2A5

(5.312)

O(1∼6)
CLGLGRd̄RdRD

dABCλCb
aG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
d̄R

a
pγ

λdRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩dCA2A5

(
λC
)a4

a3

dABCλCb
aG

B
R

ηνCLνλρ
µGA

L η
ρ
((
Dµd̄R

a
p

)
γλdRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2dCA2A5

(
λC
)a4

a3

fABCλCb
aG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
d̄R

a
pγ

λdRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩fCA2A5

(
λC
)a4

a3

fABCλCb
aG

B
R

ηνCLνλρ
µGA

L η
ρ
((
Dµd̄R

a
p

)
γλdRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2fCA2A5

(
λC
)a4

a3

GA
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
d̄R

a
pγ

λdRra

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa4

a3δ
A2A5

GA
R

ηνCLνλρ
µGA

L η
ρ
((
Dµd̄R

a
p

)
γλdRra

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa4

a3δ
A2A5

(5.313)

– 103 –



J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

O(1∼6)
CLGLGRdLd̄LD

dABCλCa
bG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
d̄Lr

bγλdLpa

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩dCA2A5

(
λC
)a3

a4

dABCλCa
bG

B
R

ηνCLνλρ
µGA

L η
ρ
(
d̄Lr

bγλ (DµdLpa)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2dCA2A5
(
λC
)a3

a4

fABCλCa
bG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
d̄Lr

bγλdLpa

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩fCA2A5

(
λC
)a3

a4

fABCλCa
bG

B
R

ηνCLνλρ
µGA

L η
ρ
(
d̄Lr

bγλ (DµdLpa)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2fCA2A5
(
λC
)a3

a4

GA
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
d̄Lr

aγλdLpa

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa3

a4δ
A2A5

GA
R

ηνCLνλρ
µGA

L η
ρ
(
d̄Lr

aγλ (DµdLpa)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa3
a4δ

A2A5

(5.314)

O(1∼6)
CLGLGRūRuRD

dABCλCb
aG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ūR

a
pγ

λuRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩dCA2A5

(
λC
)a4

a3

dABCλCb
aG

B
R

ηνCLνλρ
µGA

L η
ρ
((
DµūR

a
p

)
γλuRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2dCA2A5

(
λC
)a4

a3

fABCλCb
aG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ūR

a
pγ

λuRrb

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩fCA2A5

(
λC
)a4

a3

fABCλCb
aG

B
R

ηνCLνλρ
µGA

L η
ρ
((
DµūR

a
p

)
γλuRrb

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2fCA2A5

(
λC
)a4

a3

GA
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ūR

a
pγ

λuRra

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa4

a3δ
A2A5

GA
R

ηνCLνλρ
µGA

L η
ρ
((
DµūR

a
p

)
γλuRra

)
Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa4

a3δ
A2A5

(5.315)

O(1∼6)
CLGLGRuLūLD

dABCλCa
bG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ūLr

bγλuLpa

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩dCA2A5

(
λC
)a3

a4

dABCλCa
bG

B
R

ηνCLνλρ
µGA

L η
ρ
(
ūLr

bγλ (DµuLpa)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2dCA2A5
(
λC
)a3

a4

fABCλCa
bG

B
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ūLr

bγλuLpa

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩fCA2A5

(
λC
)a3

a4

fABCλCa
bG

B
R

ηνCLνλρ
µGA

L η
ρ
(
ūLr

bγλ (DµuLpa)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2fCA2A5
(
λC
)a3

a4

GA
R

ηνCLνλρ
µ
(
DµG

A
L η

ρ
) (
ūLr

aγλuLpa

)
Cf3,f4 [45]2⟨12⟩2⟨13⟩⟨14⟩δa3

a4δ
A2A5

GA
R

ηνCLνλρ
µGA

L η
ρ
(
ūLr

aγλ (DµuLpa)
)

Cf3,f4 [35][45]⟨12⟩2⟨13⟩2δa3
a4δ

A2A5

(5.316)

Class CL
2FRψψ̄D: 11 types

OCL2FRνν̄D F ξν
R CLξ

ρλµ (DµCLνλρη) (ν̄Lrγ
ηνLp) Cf3,f4 [45]2⟨12⟩4⟨34⟩ (5.317)

OCL2FRēReRD F ξν
R CLξ

ρλµ (DµCLνλρη) (ēRpγ
ηeRr) Cf3,f4 [45]2⟨12⟩4⟨34⟩ (5.318)

OCL2FReLēLD F ξν
R CLξ

ρλµ (DµCLνλρη) (ēLrγ
ηeLp) Cf3,f4 [45]2⟨12⟩4⟨34⟩ (5.319)

OCL2FRd̄RdRD F ξν
R CLξ

ρλµ (DµCLνλρη)
(
d̄R

a
pγ

ηdRra

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩δa4

a3 (5.320)

OCL2FRdLd̄LD F ξν
R CLξ

ρλµ (DµCLνλρη)
(
d̄Lr

aγηdLpa

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩δa3

a4 (5.321)

OCL2FRūRuRD F ξν
R CLξ

ρλµ (DµCLνλρη)
(
ūR

a
pγ

ηuRra

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩δa4

a3 (5.322)

OCL2FRuLūLD F ξν
R CLξ

ρλµ (DµCLνλρη) (ūLr
aγηuLpa) Cf3,f4 [45]2⟨12⟩4⟨34⟩δa3

a4
(5.323)

OCL2GRd̄RdRD λAb
aG

A
R

ξνCLξ
ρλµ (DµCLνλρη)

(
d̄R

a
pγ

ηdRrb

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩

(
λA5

)a4

a3

(5.324)

OCL2GRdLd̄LD λAa
bG

A
R

ξνCLξ
ρλµ (DµCLνλρη)

(
d̄Lr

bγηdLpa

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩

(
λA5

)a3

a4

(5.325)

OCL2GRūRuRD λAb
aG

A
R

ξνCLξ
ρλµ (DµCLνλρη)

(
ūR

a
pγ

ηuRrb

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩

(
λA5

)a4

a3

(5.326)

OCL2GRuLūLD λAa
bG

A
R

ξνCLξ
ρλµ (DµCLνλρη)

(
ūLr

bγηuLpa

)
Cf3,f4 [45]2⟨12⟩4⟨34⟩

(
λA5

)a3

a4

(5.327)
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Class CLψ
2ψ̄2D2: 72 types

O(1∼4)
CLν2ν̄2D2

Y [ p r , s t ]CLλρ
νµ (ν̄Lsγ

ρ (DµνLp))
(
ν̄Ltγ

λ (DννLr)
)
C[2],[2]

f2f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩

Y
[

p r , s
t

]
CLλ

ν
ρ

µ
(
ν̄Ltγ

λνLr

)
(ν̄Lsγ

ρ (DµDννLp)) C[2],[1,1]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
ν̄Ltγ

λνLr

)
(ν̄Lsγ

ρ (DµDννLp)) C[1,1],[1,1]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ (ν̄Lsγ
ρ (DµνLp))

(
ν̄Ltγ

λ (DννLr)
)

C[1,1],[1,1]
f2f3,f4f5

[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩
(5.328)

O(1∼4)
CLeRēLν2D2

Y [ s t ]CLλ
ν

ρ
µ
(
ēLtγ

λνLr

)
((DµDννLp)CγρeRs) C[2]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3

Y [ s t ]CLλρ
νµ
(
ēLtγ

λ (DννLr)
)
((DµνLp)CγρeRs) C[2]

f2f3,f4,f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩

Y
[

s
t

]
CLλ

ν
ρ

µ
(
ēLtγ

λνLr

)
((DµDννLp)CγρeRs) C[1,1]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3

Y
[

s
t

]
CLλ

ν
ρ

µ
(
ēLtγ

λ (DννLr)
)
((DµνLp)CγρeRs) C[1,1]

f2f3,f4,f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩

(5.329)

O(1∼4)
CLēReRνν̄D2

CLλ
ν

ρ
µ
(
ν̄Ltγ

λνLr

)
((DµDν ēRp) γρeRs) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3

CLλρ
νµ ((DµēRp) γρeRs)

(
ν̄Ltγ

λ (DννLr)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩
CLλ

ν
ρ

µ ((DµēRp) γρeRs)
(
ν̄Ltγ

λ (DννLr)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩

CLλ
ν

ρ
µ (ēRpγ

ρeRs)
(
ν̄Ltγ

λ (DµDννLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩
(5.330)

O(1∼4)
CLē2

Re2
RD2

Y [ p r , s t ]CLλρ
νµ ((DµēRp) γρeRs)

(
(Dν ēRr) γλeRt

)
C[2],[2]

f2f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩

Y
[

p r , s
t

]
CLλ

ν
ρ

µ
(
ēRrγ

λeRt

)
((DµDν ēRp) γρeRs) C[2],[1,1]

f2f3,f4f5
[34][35]⟨12⟩⟨13⟩3

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
ēRrγ

λeRt

)
((DµDν ēRp) γρeRs) C[1,1],[1,1]

f2f3,f4f5
[34][35]⟨12⟩⟨13⟩3

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ ((DµēRp) γρeRs)
(
(Dν ēRr) γλeRt

)
C[1,1],[1,1]

f2f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩

(5.331)

O(1∼4)
CLeLēLνν̄D2

CLλ
ν

ρ
µ
(
ν̄Ltγ

λνLr

)
(ēLsγ

ρ (DµDνeLp)) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3

CLλρ
νµ (ēLsγ

ρ (DµeLp))
(
ν̄Ltγ

λ (DννLr)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩
CLλ

ν
ρ

µ (ēLsγ
ρ (DµeLp))

(
ν̄Ltγ

λ (DννLr)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩

CLλ
ν

ρ
µ (ēLsγ

ρeLp)
(
ν̄Ltγ

λ (DµDννLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩
(5.332)

O(1∼4)
CLēReLν̄2D2

Y [ s t ]CLλρ
νµ
(
ν̄Ltγ

λ (DνeLr)
)
((DµēRp) γρCν̄Ls) C[2]

f2,f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩

Y
[

s
t

]
CLλ

ν
ρ

µ
(
ν̄Ltγ

λeLr

)
((DµDν ēRp) γρCν̄Ls) C[1,1]

f2,f3,f4f5
[34][35]⟨12⟩⟨13⟩3

Y
[

s
t

]
CLλ

ν
ρ

µ
(
ν̄Ltγ

λ (DνeLr)
)
((DµēRp) γρCν̄Ls) C[1,1]

f2,f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩

Y
[

s
t

]
CLλ

ν
ρ

µ (ēRpγ
ρCν̄Ls)

(
ν̄Ltγ

λ (DµDνeLr)
)

C[1,1]
f2,f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩
(5.333)

O(1∼4)
CLēReReLēLD2

CLλ
ν

ρ
µ
(
ēLtγ

λeLr

)
((DµDν ēRp) γρeRs) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3

CLλρ
νµ
(
ēLtγ

λ (DνeLr)
)
((DµēRp) γρeRs) Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩

CLλ
ν

ρ
µ
(
ēLtγ

λ (DνeLr)
)
((DµēRp) γρeRs) Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩

CLλ
ν

ρ
µ (ēRpγ

ρeRs)
(
ēLtγ

λ (DµDνeLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩
(5.334)
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O(1∼4)
CLe2

Lē2
LD2

Y [ p r , s t ]CLλρ
νµ (ēLsγ

ρ (DµeLp))
(
ēLtγ

λ (DνeLr)
)
C[2],[2]

f2f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩

Y
[

p r , s
t

]
CLλ

ν
ρ

µ
(
ēLtγ

λeLr

)
(ēLsγ

ρ (DµDνeLp)) C[2],[1,1]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
ēLtγ

λeLr

)
(ēLsγ

ρ (DµDνeLp)) C[1,1],[1,1]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ (ēLsγ
ρ (DµeLp))

(
ēLtγ

λ (DνeLr)
)

C[1,1],[1,1]
f2f3,f4f5

[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩
(5.335)

O(1∼4)
CLdRd̄Lν2D2

Y [ s t ]CLλ
ν

ρ
µ
(
d̄Lt

aγλνLr

)
((DµDννLp)CγρdRsa) C[2]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3δa4

a5

Y [ s t ]CLλρ
νµ
(
d̄Lt

aγλ (DννLr)
)
((DµνLp)CγρdRsa) C[2]

f2f3,f4,f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a5

Y
[

s
t

]
CLλ

ν
ρ

µ
(
d̄Lt

aγλνLr

)
((DµDννLp)CγρdRsa) C[1,1]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3δa4

a5

Y
[

s
t

]
CLλ

ν
ρ

µ
(
d̄Lt

aγλ (DννLr)
)
((DµνLp)CγρdRsa) C[1,1]

f2f3,f4,f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a5

(5.336)

O(1∼4)
CLν2uRūLD2

Y [ s t ]CLλ
ν

ρ
µ
(
ūLt

aγλνLr

)
((DµDννLp)CγρuRsa) C[2]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3δa4

a5

Y [ s t ]CLλρ
νµ
(
ūLt

aγλ (DννLr)
)
((DµνLp)CγρuRsa) C[2]

f2f3,f4,f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a5

Y
[

s
t

]
CLλ

ν
ρ

µ
(
ūLt

aγλνLr

)
((DµDννLp)CγρuRsa) C[1,1]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3δa4

a5

Y
[

s
t

]
CLλ

ν
ρ

µ
(
ūLt

aγλ (DννLr)
)
((DµνLp)CγρuRsa) C[1,1]

f2f3,f4,f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a5

(5.337)

O(1∼4)
CLdRēRνūLD2

CLλ
ν

ρ
µ
(
ūLt

aγλνLr

)
((DµDν ēRp) γρdRsa) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a5

CLλρ
νµ ((DµēRp) γρdRsa)

(
ūLt

aγλ (DννLr)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a5

CLλ
ν

ρ
µ ((DµēRp) γρdRsa)

(
ūLt

aγλ (DννLr)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a5

CLλ
ν

ρ
µ (ēRpγ

ρdRsa)
(
ūLt

aγλ (DµDννLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4
a5

(5.338)

O(1∼4)
CLd̄LeLνuRD2

CLλ
ν

ρ
µ
(
νLrCγ

λuRta

) (
d̄Ls

aγρ (DµDνeLp)
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa5
a4

CLλρ
νµ
(
d̄Ls

aγρ (DµeLp)
) (

(DννLr)CγλuRta

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa5

a4

CLλ
ν

ρ
µ
(
d̄Ls

aγρ (DµeLp)
) (

(DννLr)CγλuRta

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa5

a4

CLλ
ν

ρ
µ
(
d̄Ls

aγρeLp

) (
(DµDννLr)CγλuRta

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa5

a4

(5.339)

O(1∼4)
CLdRd̄LēReLD2

CLλ
ν

ρ
µ
(
d̄Lt

aγλeLr

)
((DµDν ēRp) γρdRsa) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a5

CLλρ
νµ ((DµēRp) γρdRsa)

(
d̄Lt

aγλ (DνeLr)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a5

CLλ
ν

ρ
µ ((DµēRp) γρdRsa)

(
d̄Lt

aγλ (DνeLr)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a5

CLλ
ν

ρ
µ (ēRpγ

ρdRsa)
(
d̄Lt

aγλ (DµDνeLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4
a5

(5.340)

O(1∼4)
CLēReLuRūLD2

CLλ
ν

ρ
µ
(
ūLt

aγλeLr

)
((DµDν ēRp) γρuRsa) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a5

CLλρ
νµ
(
ūLt

aγλ (DνeLr)
)
((DµēRp) γρuRsa) Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a5

CLλ
ν

ρ
µ
(
ūLt

aγλ (DνeLr)
)
((DµēRp) γρuRsa) Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a5

CLλ
ν

ρ
µ (ēRpγ

ρuRsa)
(
ūLt

aγλ (DµDνeLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4
a5

(5.341)
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O(1∼4)
CLd̄RdRνν̄D2

CLλ
ν

ρ
µ
(
ν̄Ltγ

λνLr

) ((
DµDν d̄R

a
p

)
γρdRsa

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a2

CLλρ
νµ
((
Dµd̄R

a
p

)
γρdRsa

) (
ν̄Ltγ

λ (DννLr)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a2

CLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρdRsa

) (
ν̄Ltγ

λ (DννLr)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρdRsa

) (
ν̄Ltγ

λ (DµDννLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4
a2

(5.342)

O(1∼4)
CLd̄ReRνuRD2

CLλ
ν

ρ
µ
(
νLrCγ

λuRta

) ((
DµDν d̄R

a
p

)
γρeRs

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa5

a2

CLλρ
νµ
((
Dµd̄R

a
p

)
γρeRs

) (
(DννLr)CγλuRta

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa5

a2

CLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρeRs

) (
(DννLr)CγλuRta

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa5

a2

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρeRs

) (
(DµDννLr)CγλuRta

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa5

a2

(5.343)

O(1∼4)
CLd̄RdRēReRD2

CLλ
ν

ρ
µ
(
ēRrγ

λeRt

) ((
DµDν d̄R

a
p

)
γρdRsa

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a2

CLλρ
νµ
((
Dµd̄R

a
p

)
γρdRsa

) (
(Dν ēRr) γλeRt

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2

CLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρdRsa

) (
(Dν ēRr) γλeRt

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρdRsa

) (
(DµDν ēRr) γλeRt

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4

a2

(5.344)

O(1∼4)
CLd̄RdReLēLD2

CLλ
ν

ρ
µ
(
ēLtγ

λeLr

) ((
DµDν d̄R

a
p

)
γρdRsa

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a2

CLλρ
νµ
((
Dµd̄R

a
p

)
γρdRsa

) (
ēLtγ

λ (DνeLr)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a2

CLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρdRsa

) (
ēLtγ

λ (DνeLr)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρdRsa

) (
ēLtγ

λ (DµDνeLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4
a2

(5.345)

O(1∼4)
CLd̄ReLν̄uRD2

CLλ
ν

ρ
µ
(
ν̄Ltγ

λeLr

) ((
DµDν d̄R

a
p

)
γρuRsa

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a2

CLλρ
νµ
(
ν̄Ltγ

λ (DνeLr)
) ((

Dµd̄R
a
p

)
γρuRsa

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2

CLλ
ν

ρ
µ
(
ν̄Ltγ

λ (DνeLr)
) ((

Dµd̄R
a
p

)
γρuRsa

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρuRsa

) (
ν̄Ltγ

λ (DµDνeLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4
a2

(5.346)

O(1∼4)
CLdLd̄Lνν̄D2

CLλ
ν

ρ
µ
(
ν̄Ltγ

λνLr

) (
d̄Ls

aγρ (DµDνdLpa)
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa2
a4

CLλρ
νµ
(
d̄Ls

aγρ (DµdLpa)
) (
ν̄Ltγ

λ (DννLr)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2
a4

CLλ
ν

ρ
µ
(
d̄Ls

aγρ (DµdLpa)
) (
ν̄Ltγ

λ (DννLr)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa2

a4

CLλ
ν

ρ
µ
(
d̄Ls

aγρdLpa

) (
ν̄Ltγ

λ (DµDννLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa2
a4

(5.347)

O(1∼4)
CLdLēLνūLD2

CLλ
ν

ρ
µ
(
ūLt

aγλνLr

)
(ēLsγ

ρ (DµDνdLpa)) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa2
a5

CLλρ
νµ (ēLsγ

ρ (DµdLpa))
(
ūLt

aγλ (DννLr)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2
a5

CLλ
ν

ρ
µ (ēLsγ

ρ (DµdLpa))
(
ūLt

aγλ (DννLr)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa2

a5

CLλ
ν

ρ
µ (ēLsγ

ρdLpa)
(
ūLt

aγλ (DµDννLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa2
a5

(5.348)
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O(1∼4)
CLdLd̄LēReRD2

CLλ
ν

ρ
µ
(
ēRrγ

λeRt

) (
d̄Ls

aγρ (DµDνdLpa)
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa2
a4

CLλρ
νµ
(
d̄Ls

aγρ (DµdLpa)
) (

(Dν ēRr) γλeRt

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2

a4

CLλ
ν

ρ
µ
(
d̄Ls

aγρ (DµdLpa)
) (

(Dν ēRr) γλeRt

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa2

a4

CLλ
ν

ρ
µ
(
d̄Ls

aγρdLpa

) (
(DµDν ēRr) γλeRt

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa2

a4

(5.349)

O(1∼4)
CLdLēRν̄ūLD2

CLλ
ν

ρ
µ
(
ēRrγ

λCν̄Lt

)
(ūLs

aγρ (DµDνdLpa)) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa2
a4

CLλρ
νµ (ūLs

aγρ (DµdLpa))
(
(Dν ēRr) γλCν̄Lt

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2

a4

CLλ
ν

ρ
µ (ūLs

aγρ (DµdLpa))
(
(Dν ēRr) γλCν̄Lt

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa2

a4

CLλ
ν

ρ
µ (ūLs

aγρdLpa)
(
(DµDν ēRr) γλCν̄Lt

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa2

a4

(5.350)

O(1∼4)
CLdLd̄LeLēLD2

CLλ
ν

ρ
µ
(
ēLtγ

λeLr

) (
d̄Ls

aγρ (DµDνdLpa)
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa2
a4

CLλρ
νµ
(
d̄Ls

aγρ (DµdLpa)
) (
ēLtγ

λ (DνeLr)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2
a4

CLλ
ν

ρ
µ
(
d̄Ls

aγρ (DµdLpa)
) (
ēLtγ

λ (DνeLr)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa2

a4

CLλ
ν

ρ
µ
(
d̄Ls

aγρdLpa

) (
ēLtγ

λ (DµDνeLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa2
a4

(5.351)

O(1∼4)
CLd̄RdLν̄2D2

Y [ s t ]CLλρ
νµ
(
ν̄Ltγ

λ (DνdLra)
) ((

Dµd̄R
a
p

)
γρCν̄Ls

)
C[2]

f2,f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩δa3

a2

Y
[

s
t

]
CLλ

ν
ρ

µ
(
ν̄Ltγ

λdLra

) ((
DµDν d̄R

a
p

)
γρCν̄Ls

)
C[1,1]

f2,f3,f4f5
[34][35]⟨12⟩⟨13⟩3δa3

a2

Y
[

s
t

]
CLλ

ν
ρ

µ
(
ν̄Ltγ

λ (DνdLra)
) ((

Dµd̄R
a
p

)
γρCν̄Ls

)
C[1,1]

f2,f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3

a2

Y
[

s
t

]
CLλ

ν
ρ

µ
(
d̄R

a
pγ

ρCν̄Ls

) (
ν̄Ltγ

λ (DµDνdLra)
)

C[1,1]
f2,f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩δa3
a2

(5.352)

O(1∼4)
CLd̄RdLeRēLD2

CLλ
ν

ρ
µ
(
ēLtγ

λdLra

) ((
DµDν d̄R

a
p

)
γρeRs

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa3

a2

CLλρ
νµ
(
ēLtγ

λ (DνdLra)
) ((

Dµd̄R
a
p

)
γρeRs

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3

a2

CLλ
ν

ρ
µ
(
ēLtγ

λ (DνdLra)
) ((

Dµd̄R
a
p

)
γρeRs

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa3

a2

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρeRs

) (
ēLtγ

λ (DµDνdLra)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa3
a2

(5.353)

O(1∼4)
CLdRēLνūRD2

CLλ
ν

ρ
µ
(
ēLtγ

λνLr

) ((
DµDν ūR

a
p

)
γρdRsa

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a2

CLλρ
νµ
((
DµūR

a
p

)
γρdRsa

) (
ēLtγ

λ (DννLr)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a2

CLλ
ν

ρ
µ
((
DµūR

a
p

)
γρdRsa

) (
ēLtγ

λ (DννLr)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2

CLλ
ν

ρ
µ
(
ūR

a
pγ

ρdRsa

) (
ēLtγ

λ (DµDννLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4
a2

(5.354)

O(1∼4)
CLνν̄ūRuRD2

CLλ
ν

ρ
µ
(
ν̄Ltγ

λνLr

) ((
DµDν ūR

a
p

)
γρuRsa

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a2

CLλρ
νµ
(
ν̄Ltγ

λ (DννLr)
) ((

DµūR
a
p

)
γρuRsa

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2

CLλ
ν

ρ
µ
(
ν̄Ltγ

λ (DννLr)
) ((

DµūR
a
p

)
γρuRsa

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2

CLλ
ν

ρ
µ
(
ūR

a
pγ

ρuRsa

) (
ν̄Ltγ

λ (DµDννLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4
a2

(5.355)
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O(1∼4)
CLdRēRν̄ūRD2

CLλ
ν

ρ
µ
(
ūR

a
rγ

λCν̄Lt

)
((DµDν ēRp) γρdRsa) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a3

CLλρ
νµ ((DµēRp) γρdRsa)

(
(Dν ūR

a
r) γλCν̄Lt

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a3

CLλ
ν

ρ
µ ((DµēRp) γρdRsa)

(
(Dν ūR

a
r) γλCν̄Lt

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a3

CLλ
ν

ρ
µ (ēRpγ

ρdRsa)
(
(DµDν ūR

a
r) γλCν̄Lt

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4

a3

(5.356)

O(1∼4)
CLēReRūRuRD2

CLλ
ν

ρ
µ
(
ūR

a
rγ

λuRta

)
((DµDν ēRp) γρeRs) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa5

a3

CLλρ
νµ ((DµēRp) γρeRs)

(
(Dν ūR

a
r) γλuRta

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa5

a3

CLλ
ν

ρ
µ ((DµēRp) γρeRs)

(
(Dν ūR

a
r) γλuRta

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa5

a3

CLλ
ν

ρ
µ (ēRpγ

ρeRs)
(
(DµDν ūR

a
r) γλuRta

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa5

a3

(5.357)

O(1∼4)
CLeLēLūRuRD2

CLλ
ν

ρ
µ
(
ūR

a
rγ

λuRta

)
(ēLsγ

ρ (DµDνeLp)) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa5
a3

CLλρ
νµ (ēLsγ

ρ (DµeLp))
(
(Dν ūR

a
r) γλuRta

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa5

a3

CLλ
ν

ρ
µ (ēLsγ

ρ (DµeLp))
(
(Dν ūR

a
r) γλuRta

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa5

a3

CLλ
ν

ρ
µ (ēLsγ

ρeLp)
(
(DµDν ūR

a
r) γλuRta

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa5

a3

(5.358)

O(1∼4)
CLdLēLν̄ūRD2

CLλ
ν

ρ
µ
(
ūR

a
rγ

λCν̄Lt

)
(ēLsγ

ρ (DµDνdLpa)) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa2
a3

CLλρ
νµ (ēLsγ

ρ (DµdLpa))
(
(Dν ūR

a
r) γλCν̄Lt

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2

a3

CLλ
ν

ρ
µ (ēLsγ

ρ (DµdLpa))
(
(Dν ūR

a
r) γλCν̄Lt

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa2

a3

CLλ
ν

ρ
µ (ēLsγ

ρdLpa)
(
(DµDν ūR

a
r) γλCν̄Lt

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa2

a3

(5.359)

O(1∼4)
CLd̄LeRνuLD2

CLλ
ν

ρ
µ
(
νLrCγ

λeRt

) (
d̄Ls

aγρ (DµDνuLpa)
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa2
a4

CLλρ
νµ
(
d̄Ls

aγρ (DµuLpa)
) (

(DννLr)CγλeRt

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2

a4

CLλ
ν

ρ
µ
(
d̄Ls

aγρ (DµuLpa)
) (

(DννLr)CγλeRt

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa2

a4

CLλ
ν

ρ
µ
(
d̄Ls

aγρuLpa

) (
(DµDννLr)CγλeRt

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa2

a4

(5.360)

O(1∼4)
CLνν̄uLūLD2

CLλ
ν

ρ
µ
(
ν̄Ltγ

λνLr

)
(ūLs

aγρ (DµDνuLpa)) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa2
a4

CLλρ
νµ
(
ν̄Ltγ

λ (DννLr)
)
(ūLs

aγρ (DµuLpa)) Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2
a4

CLλ
ν

ρ
µ
(
ν̄Ltγ

λ (DννLr)
)
(ūLs

aγρ (DµuLpa)) Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa2
a4

CLλ
ν

ρ
µ (ūLs

aγρuLpa)
(
ν̄Ltγ

λ (DµDννLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa2
a4

(5.361)

O(1∼4)
CLēReRuLūLD2

CLλ
ν

ρ
µ
(
ūLt

aγλuLra

)
((DµDν ēRp) γρeRs) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa3

a5

CLλρ
νµ ((DµēRp) γρeRs)

(
ūLt

aγλ (DνuLra)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3
a5

CLλ
ν

ρ
µ ((DµēRp) γρeRs)

(
ūLt

aγλ (DνuLra)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa3

a5

CLλ
ν

ρ
µ (ēRpγ

ρeRs)
(
ūLt

aγλ (DµDνuLra)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa3
a5

(5.362)
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O(1∼4)
CLd̄LeLν̄uLD2

CLλ
ν

ρ
µ
(
ν̄Ltγ

λuLra

) (
d̄Ls

aγρ (DµDνeLp)
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa3
a4

CLλρ
νµ
(
d̄Ls

aγρ (DµeLp)
) (
ν̄Ltγ

λ (DνuLra)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3
a4

CLλ
ν

ρ
µ
(
d̄Ls

aγρ (DµeLp)
) (
ν̄Ltγ

λ (DνuLra)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa3

a4

CLλ
ν

ρ
µ
(
d̄Ls

aγρeLp

) (
ν̄Ltγ

λ (DµDνuLra)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa3
a4

(5.363)

O(1∼4)
CLeLēLuLūLD2

CLλ
ν

ρ
µ
(
ūLt

aγλuLra

)
(ēLsγ

ρ (DµDνeLp)) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa3
a5

CLλρ
νµ (ēLsγ

ρ (DµeLp))
(
ūLt

aγλ (DνuLra)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3
a5

CLλ
ν

ρ
µ (ēLsγ

ρ (DµeLp))
(
ūLt

aγλ (DνuLra)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa3

a5

CLλ
ν

ρ
µ (ēLsγ

ρeLp)
(
ūLt

aγλ (DµDνuLra)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa3
a5

(5.364)

O(1∼4)
CLd̄ReRν̄uLD2

CLλ
ν

ρ
µ
(
ν̄Ltγ

λuLra

) ((
DµDν d̄R

a
p

)
γρeRs

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa3

a2

CLλρ
νµ
((
Dµd̄R

a
p

)
γρeRs

) (
ν̄Ltγ

λ (DνuLra)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3
a2

CLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρeRs

) (
ν̄Ltγ

λ (DνuLra)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa3

a2

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρeRs

) (
ν̄Ltγ

λ (DµDνuLra)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa3
a2

(5.365)

O(1∼4)
CLν̄2ūRuLD2

Y [ s t ]CLλρ
νµ
(
ν̄Ltγ

λ (DνuLra)
) ((

DµūR
a
p

)
γρCν̄Ls

)
C[2]

f2,f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩δa3

a2

Y
[

s
t

]
CLλ

ν
ρ

µ
(
ν̄Ltγ

λuLra

) ((
DµDν ūR

a
p

)
γρCν̄Ls

)
C[1,1]

f2,f3,f4f5
[34][35]⟨12⟩⟨13⟩3δa3

a2

Y
[

s
t

]
CLλ

ν
ρ

µ
(
ν̄Ltγ

λ (DνuLra)
) ((

DµūR
a
p

)
γρCν̄Ls

)
C[1,1]

f2,f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3

a2

Y
[

s
t

]
CLλ

ν
ρ

µ
(
ūR

a
pγ

ρCν̄Ls

) (
ν̄Ltγ

λ (DµDνuLra)
)

C[1,1]
f2,f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩δa3
a2

(5.366)

O(1∼4)
CLeRēLūRuLD2

CLλ
ν

ρ
µ
(
ēLtγ

λuLra

) ((
DµDν ūR

a
p

)
γρeRs

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa3

a2

CLλρ
νµ
((
DµūR

a
p

)
γρeRs

) (
ēLtγ

λ (DνuLra)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3
a2

CLλ
ν

ρ
µ
((
DµūR

a
p

)
γρeRs

) (
ēLtγ

λ (DνuLra)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa3

a2

CLλ
ν

ρ
µ
(
ūR

a
pγ

ρeRs

) (
ēLtγ

λ (DµDνuLra)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa3
a2

(5.367)

O(1∼4)
CLd̄Rd̄LνūLD2

ϵabcCLλ
ν

ρ
µ
(
ūLt

cγλνLr

) ((
DµDν d̄R

a
p

)
γρCd̄Ls

b
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3ϵa2a4a5

ϵabcCLλρ
νµ
(
ūLt

cγλ (DννLr)
) ((

Dµd̄R
a
p

)
γρCd̄Ls

b
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

ϵabcCLλ
ν

ρ
µ
(
ūLt

cγλ (DννLr)
) ((

Dµd̄R
a
p

)
γρCd̄Ls

b
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

ϵabcCLλ
ν

ρ
µ
(
d̄R

a
pγ

ρCd̄Ls
b
) (
ūLt

cγλ (DµDννLr)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩ϵa2a4a5

(5.368)

O(1∼4)
CLd̄RēRū2

LD2

Y [ s t ] ϵabcCLλ
ν

ρ
µ
(
ēRrγ

λCūLt
c
) ((

DµDν d̄R
a
p

)
γρCūLs

b
)

C[2]
f2,f3,f4f5

[34][35]⟨12⟩⟨13⟩3ϵa2a4a5

Y [ s t ] ϵabcCLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρCūLs

b
) (

(Dν ēRr) γλCūLt
c
)
C[2]

f2,f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

Y [ s t ] ϵabcCLλ
ν

ρ
µ
(
d̄R

a
pγ

ρCūLs
b
) (

(DµDν ēRr) γλCūLt
c
)

C[2]
f2,f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

Y
[

s
t

]
ϵabcCLλρ

νµ
((
Dµd̄R

a
p

)
γρCūLs

b
) (

(Dν ēRr) γλCūLt
c
)

C[1,1]
f2,f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

(5.369)

O(1∼4)
CLd̄Rd̄2

LeLD2

Y [ r s ] ϵabcCLλ
ν

ρ
µ
(
d̄Lt

cγλeLr

) ((
DµDν d̄R

a
p

)
γρCd̄Ls

b
)

C[2]
f2,f3,f4f5

[34][35]⟨12⟩⟨13⟩3ϵa2a4a5

Y [ r s ] ϵabcCLλ
ν

ρ
µ
(
d̄Lt

cγλ (DνeLr)
) ((

Dµd̄R
a
p

)
γρCd̄Ls

b
)
C[2]

f2,f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

Y [ r s ] ϵabcCLλ
ν

ρ
µ
(
d̄R

a
pγ

ρCd̄Ls
b
) (
d̄Lt

cγλ (DµDνeLr)
)

C[2]
f2,f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

Y
[

r
s

]
ϵabcCLλρ

νµ
(
d̄Lt

cγλ (DνeLr)
) ((

Dµd̄R
a
p

)
γρCd̄Ls

b
)

C[1,1]
f2,f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

(5.370)
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O(1∼4)
CLd̄2

Rd̄LeRD2

Y [ p r ] ϵabcCLλ
ν

ρ
µ
(
d̄R

b
rγ

λeRt

) ((
DµDν d̄R

a
p

)
γρCd̄Ls

c
)

C[2]
f2f3,f4,f5

[34][35]⟨12⟩⟨13⟩3ϵa2a3a4

Y [ p r ] ϵabcCLλ
ν

ρ
µ
((
Dν d̄R

b
r

)
γλeRt

) ((
Dµd̄R

a
p

)
γρCd̄Ls

c
)
C[2]

f2f3,f4,f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

Y
[

p
r

]
ϵabcCLλ

ν
ρ

µ
(
d̄R

b
rγ

λeRt

) ((
DµDν d̄R

a
p

)
γρCd̄Ls

c
)

C[1,1]
f2f3,f4,f5

[34][35]⟨12⟩⟨13⟩3ϵa2a3a4

Y
[

p
r

]
ϵabcCLλρ

νµ
((
Dν d̄R

b
r

)
γλeRt

) ((
Dµd̄R

a
p

)
γρCd̄Ls

c
)

C[1,1]
f2f3,f4,f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a3a4

(5.371)

O(1∼4)
CLd̄2

Rν̄ūLD2

Y [ p r ] ϵabcCLλ
ν

ρ
µ
(
d̄R

b
rγ

λCν̄Lt

) ((
DµDν d̄R

a
p

)
γρCūLs

c
)

C[2]
f2f3,f4,f5

[34][35]⟨12⟩⟨13⟩3ϵa2a3a4

Y [ p r ] ϵabcCLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρCūLs

c
) ((

Dν d̄R
b
r

)
γλCν̄Lt

)
C[2]

f2f3,f4,f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

Y
[

p
r

]
ϵabcCLλ

ν
ρ

µ
(
d̄R

b
rγ

λCν̄Lt

) ((
DµDν d̄R

a
p

)
γρCūLs

c
)

C[1,1]
f2f3,f4,f5

[34][35]⟨12⟩⟨13⟩3ϵa2a3a4

Y
[

p
r

]
ϵabcCLλρ

νµ
((
Dµd̄R

a
p

)
γρCūLs

c
) ((

Dν d̄R
b
r

)
γλCν̄Lt

)
C[1,1]

f2f3,f4,f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a3a4

(5.372)

O(1∼4)
CLd̄2

LνūRD2

Y [ p r ] ϵabcCLλ
ν

ρ
µ
(
d̄Lt

cγλνLr

) ((
DµDν ūR

a
p

)
γρCd̄Ls

b
)

C[2]
f2,f3,f4f5

[34][35]⟨12⟩⟨13⟩3ϵa2a4a5

Y [ p r ] ϵabcCLλ
ν

ρ
µ
(
d̄Lt

cγλ (DννLr)
) ((

DµūR
a
p

)
γρCd̄Ls

b
)
C[2]

f2,f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

Y [ p r ] ϵabcCLλ
ν

ρ
µ
(
ūR

a
pγ

ρCd̄Ls
b
) (
d̄Lt

cγλ (DµDννLr)
)

C[2]
f2,f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

Y
[

p
r

]
ϵabcCLλρ

νµ
(
d̄Lt

cγλ (DννLr)
) ((

DµūR
a
p

)
γρCd̄Ls

b
)

C[1,1]
f2,f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

(5.373)

O(1∼4)
CLd̄LēRūRūLD2

ϵabcCLλ
ν

ρ
µ
(
ūR

a
rγ

λCūLt
c
) (

(DµDν ēRp) γρCd̄Ls
b
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3ϵa3a4a5

ϵabcCLλρ
νµ
(
(DµēRp) γρCd̄Ls

b
) (

(Dν ūR
a
r) γλCūLt

c
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa3a4a5

ϵabcCLλ
ν

ρ
µ
(
(DµēRp) γρCd̄Ls

b
) (

(Dν ūR
a
r) γλCūLt

c
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa3a4a5

ϵabcCLλ
ν

ρ
µ
(
ēRpγ

ρCd̄Ls
b
) (

(DµDν ūR
a
r) γλCūLt

c
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩ϵa3a4a5

(5.374)

O(1∼4)
CLd̄Rd̄Lν̄ūRD2

ϵabcCLλ
ν

ρ
µ
(
ūR

b
rγ

λCν̄Lt

) ((
DµDν d̄R

a
p

)
γρCd̄Ls

c
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3ϵa2a3a4

ϵabcCLλρ
νµ
((
Dµd̄R

a
p

)
γρCd̄Ls

c
) ((

Dν ūR
b
r

)
γλCν̄Lt

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

ϵabcCLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρCd̄Ls

c
) ((

Dν ūR
b
r

)
γλCν̄Lt

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a3a4

ϵabcCLλ
ν

ρ
µ
(
d̄R

a
pγ

ρCd̄Ls
c
) ((

DµDν ūR
b
r

)
γλCν̄Lt

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a4

(5.375)

O(1∼4)
CLd̄RēLūRūLD2

ϵabcCLλ
ν

ρ
µ
(
ūR

b
rγ

λCūLt
c
) ((

DµDν d̄R
a
p

)
γρCēLs

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3ϵa2a3a5

ϵabcCLλρ
νµ
((
Dµd̄R

a
p

)
γρCēLs

) ((
Dν ūR

b
r

)
γλCūLt

c
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a5

ϵabcCLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρCēLs

) ((
Dν ūR

b
r

)
γλCūLt

c
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a3a5

ϵabcCLλ
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ρCēLs

) ((
DµDν ūR
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a
p

)
γρCd̄Ls

c
)

C[2]
f2f3,f4,f5

[34][35]⟨12⟩⟨13⟩3ϵa2a3a4

Y [ s t ] ϵabcCLλ
ν

ρ
µ
((
DµūR
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ūR

b
rγ

λuRtb

) ((
DµDν ūR
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Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4
a2δ

a3
a5

CLλ
ν

ρ
µ
(
ūLt

cγλuLra

) ((
DµDν d̄R

a
p

)
γρdRsc

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa3

a2δ
a4
a5

CLλρ
νµ
((
Dµd̄R

a
p

)
γρdRsc

) (
ūLt

cγλ (DνuLra)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3
a2δ

a4
a5

CLλ
ν

ρ
µ
((
Dµd̄R

a
p

)
γρdRsc

) (
ūLt

cγλ (DνuLra)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa3

a2δ
a4
a5

CLλ
ν

ρ
µ
(
d̄R

a
pγ

ρdRsc

) (
ūLt

cγλ (DµDνuLra)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa3
a2δ

a4
a5

(5.385)

– 113 –



J
H
E
P
1
0
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)
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O(1∼8)
CLdLd̄LuLūLD2

CLλ
ν

ρ
µ
(
ūLt

bγλuLrb

) (
d̄Ls

aγρ (DµDνdLpa)
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa2
a4δ

a3
a5

CLλρ
νµ
(
d̄Ls

aγρ (DµdLpa)
) (
ūLt

bγλ (DνuLrb)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2
a4δ

a3
a5

CLλ
ν

ρ
µ
(
d̄Ls

aγρ (DµdLpa)
) (
ūLt

bγλ (DνuLrb)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa2

a4δ
a3
a5

CLλ
ν

ρ
µ
(
d̄Ls

aγρdLpa

) (
ūLt

bγλ (DµDνuLrb)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa2
a4δ

a3
a5

CLλ
ν

ρ
µ
(
ūLt

aγλuLrb

) (
d̄Ls

bγρ (DµDνdLpa)
)

Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa2
a5δ

a3
a4

CLλρ
νµ
(
d̄Ls

bγρ (DµdLpa)
) (
ūLt

aγλ (DνuLrb)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2
a5δ

a3
a4

CLλ
ν

ρ
µ
(
d̄Ls

bγρ (DµdLpa)
) (
ūLt

aγλ (DνuLrb)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa2

a5δ
a3
a4

CLλ
ν

ρ
µ
(
d̄Ls

bγρdLpa

) (
ūLt

aγλ (DµDνuLrb)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa2
a5δ

a3
a4

(5.386)

O(1∼8)
CLdRd̄LūRuLD2

CLλ
ν

ρ
µ
(
d̄Lt

bγλuLrb

) ((
DµDν ūR

a
p

)
γρdRsa

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a2δ
a3
a5

CLλρ
νµ
((
DµūR

a
p

)
γρdRsa

) (
d̄Lt

bγλ (DνuLrb)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4
a2δ

a3
a5

CLλ
ν

ρ
µ
((
DµūR

a
p

)
γρdRsa

) (
d̄Lt

bγλ (DνuLrb)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2δ
a3
a5

CLλ
ν

ρ
µ
(
ūR

a
pγ

ρdRsa

) (
d̄Lt

bγλ (DµDνuLrb)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4
a2δ

a3
a5

CLλ
ν

ρ
µ
(
d̄Lt

cγλuLra

) ((
DµDν ūR

a
p

)
γρdRsc

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa3

a2δ
a4
a5

CLλρ
νµ
((
DµūR

a
p

)
γρdRsc

) (
d̄Lt

cγλ (DνuLra)
)

Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3
a2δ

a4
a5

CLλ
ν

ρ
µ
((
DµūR

a
p

)
γρdRsc

) (
d̄Lt

cγλ (DνuLra)
)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa3

a2δ
a4
a5

CLλ
ν

ρ
µ
(
ūR

a
pγ

ρdRsc

) (
d̄Lt

cγλ (DµDνuLra)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa3
a2δ

a4
a5

(5.387)

O(1∼8)
CLūRuRuLūLD2

CLλ
ν

ρ
µ
(
ūLt

bγλuLrb

) ((
DµDν ūR

a
p

)
γρuRsa

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa4

a2δ
a3
a5

CLλρ
νµ
(
ūLt

bγλ (DνuLrb)
) ((

DµūR
a
p

)
γρuRsa

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa4

a2δ
a3
a5

CLλ
ν

ρ
µ
(
ūLt

bγλ (DνuLrb)
) ((

DµūR
a
p

)
γρuRsa

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa4

a2δ
a3
a5

CLλ
ν

ρ
µ
(
ūR

a
pγ

ρuRsa

) (
ūLt

bγλ (DµDνuLrb)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa4
a2δ

a3
a5

CLλ
ν

ρ
µ
(
ūLt

cγλuLra

) ((
DµDν ūR

a
p

)
γρuRsc

)
Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3δa3

a2δ
a4
a5

CLλρ
νµ
(
ūLt

cγλ (DνuLra)
) ((

DµūR
a
p

)
γρuRsc

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa3

a2δ
a4
a5

CLλ
ν

ρ
µ
(
ūLt

cγλ (DνuLra)
) ((

DµūR
a
p

)
γρuRsc

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩δa3

a2δ
a4
a5

CLλ
ν

ρ
µ
(
ūR

a
pγ

ρuRsc

) (
ūLt

cγλ (DµDνuLra)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩δa3
a2δ

a4
a5

(5.388)

O(1∼8)
CLu2

Lū2
LD2

Y [ p r , s t ]CLλ
ν

ρ
µ
(
ūLt

bγλuLrb

)
(ūLs

aγρ (DµDνuLpa)) C[2],[2]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δa2
a4δ

a3
a5

Y [ p r , s t ]CLλρ
νµ (ūLs

aγρ (DµuLpa))
(
ūLt

bγλ (DνuLrb)
)

C[2],[2]
f2f3,f4f5

[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2
a4δ

a3
a5

Y [ p r , s t ]CLλ
ν

ρ
µ (ūLs

aγρ (DµuLpa))
(
ūLt

bγλ (DνuLrb)
)
C[2],[2]

f2f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩δa2

a4δ
a3
a5

Y
[

p r , s
t

]
CLλ

ν
ρ

µ
(
ūLt

bγλuLrb

)
(ūLs

aγρ (DµDνuLpa)) C[2],[1,1]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δa2
a4δ

a3
a5

Y
[

p
r , s t

]
CLλ

ν
ρ

µ
(
ūLt

bγλuLrb

)
(ūLs

aγρ (DµDνuLpa)) C[1,1],[2]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δa2
a4δ

a3
a5

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ
(
ūLt

bγλuLrb

)
(ūLs

aγρ (DµDνuLpa)) C[1,1],[1,1]
f2f3,f4f5

[34][35]⟨12⟩⟨13⟩3δa2
a4δ

a3
a5

Y
[

p
r ,

s
t

]
CLλρ

νµ (ūLs
aγρ (DµuLpa))

(
ūLt

bγλ (DνuLrb)
)

C[1,1],[1,1]
f2f3,f4f5

[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩δa2
a4δ

a3
a5

Y
[

p
r ,

s
t

]
CLλ

ν
ρ

µ (ūLs
aγρ (DµuLpa))

(
ūLt

bγλ (DνuLrb)
)

C[1,1],[1,1]
f2f3,f4f5

[35][45]⟨12⟩⟨13⟩2⟨15⟩δa2
a4δ

a3
a5

(5.389)

O(1∼4)
CLdRdLνuRD2

ϵabcCLλ
ν

ρ
µ
(
νLrCγ

λuRtc

)
((DµDνdLpa)CγρdRsb) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3ϵa2a4a5

ϵabcCLλρ
νµ ((DµdLpa)CγρdRsb)

(
(DννLr)CγλuRtc

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

ϵabcCLλ
ν

ρ
µ ((DµdLpa)CγρdRsb)

(
(DννLr)CγλuRtc

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

ϵabcCLλ
ν

ρ
µ (dLpaCγ

ρdRsb)
(
(DµDννLr)CγλuRtc

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩ϵa2a4a5

(5.390)
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J
H
E
P
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(
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)
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O(1∼4)
CLd2

RdLēRD2

Y [ p r ] ϵabcCLλ
ν

ρ
µ
(
ēRrγ

λdRtc

)
((DµDνdLpa)CγρdRsb) C[2]

f2,f3,f4f5
[34][35]⟨12⟩⟨13⟩3ϵa2a4a5

Y [ p r ] ϵabcCLλ
ν

ρ
µ
(
(Dν ēRr) γλdRtc

)
((DµdLpa)CγρdRsb) C[2]

f2,f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

Y [ p r ] ϵabcCLλ
ν

ρ
µ (dLpaCγ

ρdRsb)
(
(DµDν ēRr) γλdRtc

)
C[2]

f2,f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

Y
[

p
r

]
ϵabcCLλρ

νµ
(
(Dν ēRr) γλdRtc

)
((DµdLpa)CγρdRsb) C[1,1]

f2,f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

(5.391)

O(1∼4)
CLdLeLu2

RD2

Y [ s t ] ϵabcCLλ
ν

ρ
µ
(
eLrCγ

λuRtc

)
((DµDνdLpa)CγρuRsb) C[2]

f2,f3,f4f5
[34][35]⟨12⟩⟨13⟩3ϵa2a4a5

Y [ s t ] ϵabcCLλ
ν

ρ
µ ((DµdLpa)CγρuRsb)

(
(DνeLr)CγλuRtc

)
C[2]

f2,f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

Y [ s t ] ϵabcCLλ
ν

ρ
µ (dLpaCγ

ρuRsb)
(
(DµDνeLr)CγλuRtc

)
C[2]

f2,f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

Y
[

s
t

]
ϵabcCLλρ

νµ ((DµdLpa)CγρuRsb)
(
(DνeLr)CγλuRtc

)
C[1,1]

f2,f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

(5.392)

O(1∼4)
CLdRd2

LēLD2

Y [ r s ] ϵabcCLλ
ν

ρ
µ
(
ēLtγ

λdLrb

)
((DµDνdLpa)CγρdRsc) C[2]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3ϵa2a3a4

Y [ r s ] ϵabcCLλ
ν

ρ
µ
(
ēLtγ

λ (DνdLrb)
)
((DµdLpa)CγρdRsc) C[2]

f2f3,f4,f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

Y
[

r
s

]
ϵabcCLλ

ν
ρ

µ
(
ēLtγ

λdLrb

)
((DµDνdLpa)CγρdRsc) C[1,1]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3ϵa2a3a4

Y
[

r
s

]
ϵabcCLλρ

νµ
(
ēLtγ

λ (DνdLrb)
)
((DµdLpa)CγρdRsc) C[1,1]

f2f3,f4,f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a3a4

(5.393)

O(1∼4)
CLd2

Lν̄uRD2

Y [ p r ] ϵabcCLλ
ν

ρ
µ
(
ν̄Ltγ

λdLrb

)
((DµDνdLpa)CγρuRsc) C[2]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3ϵa2a3a4

Y [ p r ] ϵabcCLλ
ν

ρ
µ
(
ν̄Ltγ

λ (DνdLrb)
)
((DµdLpa)CγρuRsc) C[2]

f2f3,f4,f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

Y
[

p
r

]
ϵabcCLλ

ν
ρ

µ
(
ν̄Ltγ

λdLrb

)
((DµDνdLpa)CγρuRsc) C[1,1]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3ϵa2a3a4

Y
[

p
r

]
ϵabcCLλρ

νµ
(
ν̄Ltγ

λ (DνdLrb)
)
((DµdLpa)CγρuRsc) C[1,1]

f2f3,f4,f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a3a4

(5.394)

O(1∼4)
CLd2

RνuLD2

Y [ p r ] ϵabcCLλ
ν

ρ
µ
(
νLrCγ

λdRtc

)
((DµDνuLpa)CγρdRsb) C[2]

f2,f3,f4f5
[34][35]⟨12⟩⟨13⟩3ϵa2a4a5

Y [ p r ] ϵabcCLλ
ν

ρ
µ ((DµuLpa)CγρdRsb)

(
(DννLr)CγλdRtc

)
C[2]

f2,f3,f4f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a4a5

Y [ p r ] ϵabcCLλ
ν

ρ
µ (uLpaCγ

ρdRsb)
(
(DµDννLr)CγλdRtc

)
C[2]

f2,f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

Y
[

p
r

]
ϵabcCLλρ

νµ ((DµuLpa)CγρdRsb)
(
(DννLr)CγλdRtc

)
C[1,1]

f2,f3,f4f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a4a5

(5.395)

O(1∼4)
CLdReLuRuLD2

ϵabcCLλ
ν

ρ
µ
(
uLraCγ

λuRtc

)
((DµDνeLp)CγρdRsb) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3ϵa3a4a5

ϵabcCLλρ
νµ ((DµeLp)CγρdRsb)

(
(DνuLra)CγλuRtc

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa3a4a5

ϵabcCLλ
ν

ρ
µ ((DµeLp)CγρdRsb)

(
(DνuLra)CγλuRtc

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa3a4a5

ϵabcCLλ
ν

ρ
µ (eLpCγ

ρdRsb)
(
(DµDνuLra)CγλuRtc

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩ϵa3a4a5

(5.396)

O(1∼4)
CLdRdLν̄uLD2

ϵabcCLλ
ν

ρ
µ
(
ν̄Ltγ

λuLrb

)
((DµDνdLpa)CγρdRsc) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3ϵa2a3a4

ϵabcCLλρ
νµ
(
ν̄Ltγ

λ (DνuLrb)
)
((DµdLpa)CγρdRsc) Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

ϵabcCLλ
ν

ρ
µ
(
ν̄Ltγ

λ (DνuLrb)
)
((DµdLpa)CγρdRsc) Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a3a4

ϵabcCLλ
ν

ρ
µ (dLpaCγ

ρdRsc)
(
ν̄Ltγ

λ (DµDνuLrb)
)

Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a4

(5.397)

O(1∼4)
CLdLeRuRuLD2

ϵabcCLλ
ν

ρ
µ
(
uLrbCγ

λuRtc

)
((DµDνdLpa)CγρeRs) Cf2,f3,f4,f5 [34][35]⟨12⟩⟨13⟩3ϵa2a3a5

ϵabcCLλρ
νµ ((DµdLpa)CγρeRs)

(
(DνuLrb)CγλuRtc

)
Cf2,f3,f4,f5 [45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a5

ϵabcCLλ
ν

ρ
µ ((DµdLpa)CγρeRs)

(
(DνuLrb)CγλuRtc

)
Cf2,f3,f4,f5 [35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a3a5

ϵabcCLλ
ν

ρ
µ (dLpaCγ

ρeRs)
(
(DµDνuLrb)CγλuRtc

)
Cf2,f3,f4,f5 [34][45]⟨12⟩⟨13⟩2⟨14⟩ϵa2a3a5

(5.398)

O(1∼4)
CLdReRu2

LD2

Y [ s t ] ϵabcCLλ
ν

ρ
µ
(
uLrbCγ

λeRt

)
((DµDνuLpa)CγρdRsc) C[2]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3ϵa2a3a4

Y [ s t ] ϵabcCLλ
ν

ρ
µ ((DµuLpa)CγρdRsc)

(
(DνuLrb)CγλeRt

)
C[2]

f2f3,f4,f5
[45]2⟨12⟩⟨13⟩⟨14⟩⟨15⟩ϵa2a3a4

Y
[

s
t

]
ϵabcCLλ

ν
ρ

µ
(
uLrbCγ

λeRt

)
((DµDνuLpa)CγρdRsc) C[1,1]

f2f3,f4,f5
[34][35]⟨12⟩⟨13⟩3ϵa2a3a4

Y
[

s
t

]
ϵabcCLλρ

νµ ((DµuLpa)CγρdRsc)
(
(DνuLrb)CγλeRt

)
C[1,1]

f2f3,f4,f5
[35][45]⟨12⟩⟨13⟩2⟨15⟩ϵa2a3a4

(5.399)
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Class CLFLψ
4: 33 types

OCLFLν4 Y
[

p r
s
t

]
CLµνλρF

λρ
L νLpCνLr (νLsCσ

µννLt) C[2,1,1]
f3f4f5f6

⟨12⟩2⟨14⟩⟨15⟩⟨36⟩ (5.400)

O(1∼4)
CLFLēReLν2

Y [ s t ]CLµνλρF
λρ
L νLsCνLt (ēRpσ

µνeLr) C[2]
f3,f4,f5f6

⟨12⟩2⟨13⟩⟨14⟩⟨56⟩
Y
[

s
t

]
(ēRpeLr)CLµνλρF

λρ
L (νLsCσ

µννLt) C[1,1]
f3,f4,f5f6

⟨12⟩2⟨13⟩⟨15⟩⟨46⟩
Y
[

s
t

]
CLµνλρF

λρ
L (ēRpση

νeLr) (νLsCσ
ηµνLt) C[1,1]

f3,f4,f5f6
⟨12⟩2⟨14⟩⟨15⟩⟨36⟩

Y
[

s
t

]
CLµνλρFLη

ρ
(
ēRpσ

ληeLr

)
(νLsCσ

µννLt) C[1,1]
f3,f4,f5f6

⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩
(5.401)

O(1∼4)
CLFLē2

Re2
L

Y
[

p r , s
t

]
CLµνλρF

λρ
L ēRpCēRr (eLsCσ

µνeLt) C[2],[1,1]
f3f4,f5f6

⟨12⟩2⟨13⟩⟨15⟩⟨46⟩
Y
[

p
r , s t

]
CLµνλρF

λρ
L eLsCeLt (ēRpσ

µνCēRr) C[1,1],[2]
f3f4,f5f6

⟨12⟩2⟨13⟩⟨14⟩⟨56⟩
Y
[

p
r ,

s
t

]
CLµνλρF

λρ
L (eLsCσ

ηµeLt) (ēRpση
νCēRr) C[1,1],[1,1]

f3f4,f5f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩

Y
[

p
r ,

s
t

]
CLµνλρFLη

ρ (eLsCσ
µνeLt)

(
ēRpσ

ληCēRr

)
C[1,1],[1,1]

f3f4,f5f6
⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩

(5.402)

O(1∼3)
CLFLd̄3

ReL

Y [ p r s ]
(
d̄R

c
seLt

)
ϵabcCLµνλρF

λρ
L

(
d̄R

a
pσ

µνCd̄R
b
r

)
C[3]

f3f4f5,f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵa3a4a5

Y [ p r s ] ϵabcCLµνλρFLη
ρ
(
d̄R

c
sσ

µνeLt

) (
d̄R

a
pσ

ληCd̄R
b
r

)
C[3]

f3f4f5,f6
⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩ϵa3a4a5

Y
[

p r
s

] (
d̄R

c
seLt

)
ϵabcCLµνλρF

λρ
L

(
d̄R

a
pσ

µνCd̄R
b
r

)
C[2,1]

f3f4f5,f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵa3a4a5

(5.403)

O(1∼4)
CLFLd̄2

RνūR

Y [ p r ] (ūR
c
sνLt) ϵabcCLµνλρF

λρ
L

(
d̄R

a
pσ

µνCd̄R
b
r

)
C[2]

f3f4,f5,f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵa3a4a5

Y [ p r ] ϵabcCLµνλρF
λρ
L (ūR

c
sσ

ηµνLt)
(
d̄R

a
pση

νCd̄R
b
r

)
C[2]

f3f4,f5,f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩ϵa3a4a5

Y [ p r ] ϵabcCLµνλρFLη
ρ (ūR

c
sσ

µννLt)
(
d̄R

a
pσ

ληCd̄R
b
r

)
C[2]

f3f4,f5,f6
⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩ϵa3a4a5

Y
[

p
r

]
ϵabcCLµνλρF

λρ
L d̄R

a
pCd̄R

b
r (ūR

c
sσ

µννLt) C[1,1]
f3f4,f5,f6

⟨12⟩2⟨13⟩⟨15⟩⟨46⟩ϵa3a4a5

(5.404)

O(1∼4)
CLFLd̄RēRū2

R

Y [ s t ] ϵabcCLµνλρF
λρ
L d̄R

a
pCēRr

(
ūR

b
sσ

µνCūR
c
t

)
C[2]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩ϵa3a5a6

Y [ s t ] ϵabcCLµνλρF
λρ
L

(
d̄R

a
pση

νCēRr

) (
ūR

b
sσ

ηµCūR
c
t

)
C[2]

f3,f4,f5f6
⟨12⟩2⟨14⟩⟨15⟩⟨36⟩ϵa3a5a6

Y [ s t ] ϵabcCLµνλρFLη
ρ
(
d̄R

a
pσ

ληCēRr

) (
ūR

b
sσ

µνCūR
c
t

)
C[2]

f3,f4,f5f6
⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩ϵa3a5a6

Y
[

s
t

]
ϵabcCLµνλρF

λρ
L ūR

b
sCūR

c
t

(
d̄R

a
pσ

µνCēRr

)
C[1,1]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵa3a5a6

(5.405)

O(1∼4)
CLFLd̄RdLν2

Y [ s t ]CLµνλρF
λρ
L νLsCνLt

(
d̄R

a
pσ

µνdLra

)
C[2]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa4

a3

Y
[

s
t

] (
d̄R

a
pdLra

)
CLµνλρF

λρ
L (νLsCσ

µννLt) C[1,1]
f3,f4,f5f6

⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa4
a3

Y
[

s
t

]
CLµνλρF

λρ
L

(
d̄R

a
pση

νdLra

)
(νLsCσ

ηµνLt) C[1,1]
f3,f4,f5f6

⟨12⟩2⟨14⟩⟨15⟩⟨36⟩δa4
a3

Y
[

s
t

]
CLµνλρFLη

ρ
(
d̄R

a
pσ

ληdLra

)
(νLsCσ

µννLt) C[1,1]
f3,f4,f5f6

⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa4
a3

(5.406)

O(1∼4)
CLFLd̄RdLēReL

(ēRseLt)CLµνλρF
λρ
L

(
d̄R

a
pσ

µνdLra

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa4

a3(
d̄R

a
pdLra

)
CLµνλρF

λρ
L (ēRsσ

µνeLt) Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa4
a3

CLµνλρF
λρ
L

(
d̄R

a
pση

νdLra

)
(ēRsσ

ηµeLt) Cf3,f4,f5,f6⟨12⟩2⟨14⟩⟨15⟩⟨36⟩δa4
a3

CLµνλρFLη
ρ
(
d̄R

a
pσ

ληdLra

)
(ēRsσ

µνeLt) Cf3,f4,f5,f6⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa4
a3

(5.407)

O(1∼4)
CLFLdLēRνūR

(ūR
a
sνLt)CLµνλρF

λρ
L (ēRrσ

µνdLpa) Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa3
a5

(ēRrdLpa)CLµνλρF
λρ
L (ūR

a
sσ

µννLt) Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa3
a5

CLµνλρF
λρ
L (ēRrση

νdLpa) (ūR
a
sσ

ηµνLt) Cf3,f4,f5,f6⟨12⟩2⟨14⟩⟨15⟩⟨36⟩δa3
a5

CLµνλρFLη
ρ
(
ēRrσ

ληdLpa

)
(ūR

a
sσ

µννLt) Cf3,f4,f5,f6⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa3
a5

(5.408)
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O(1∼4)
CLFLd̄ReLνuL

CLµνλρF
λρ
L uLsaCνLt

(
d̄R

a
pσ

µνeLr

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa5

a3(
d̄R

a
peLr

)
CLµνλρF

λρ
L (uLsaCσ

µννLt) Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa5
a3

CLµνλρF
λρ
L

(
d̄R

a
pση

νeLr

)
(uLsaCσ

ηµνLt) Cf3,f4,f5,f6⟨12⟩2⟨14⟩⟨15⟩⟨36⟩δa5
a3

CLµνλρFLη
ρ
(
d̄R

a
pσ

ληeLr

)
(uLsaCσ

µννLt) Cf3,f4,f5,f6⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa5
a3

(5.409)

O(1∼4)
CLFLν2ūRuL

Y [ s t ]CLµνλρF
λρ
L νLsCνLt

(
ūR

a
pσ

µνuLra

)
C[2]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa4

a3

Y
[

s
t

] (
ūR

a
puLra

)
CLµνλρF

λρ
L (νLsCσ

µννLt) C[1,1]
f3,f4,f5f6

⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa4
a3

Y
[

s
t

]
CLµνλρF

λρ
L

(
ūR

a
pση

νuLra

)
(νLsCσ

ηµνLt) C[1,1]
f3,f4,f5f6

⟨12⟩2⟨14⟩⟨15⟩⟨36⟩δa4
a3

Y
[

s
t

]
CLµνλρFLη

ρ
(
ūR

a
pσ

ληuLra

)
(νLsCσ

µννLt) C[1,1]
f3,f4,f5f6

⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa4
a3

(5.410)

O(1∼4)
CLFLēReLūRuL

(ūR
a
suLta)CLµνλρF

λρ
L (ēRpσ

µνeLr) Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa6
a5

(ēRpeLr)CLµνλρF
λρ
L (ūR

a
sσ

µνuLta) Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa6
a5

CLµνλρF
λρ
L (ēRpση

νeLr) (ūR
a
sσ

ηµuLta) Cf3,f4,f5,f6⟨12⟩2⟨14⟩⟨15⟩⟨36⟩δa6
a5

CLµνλρFLη
ρ
(
ēRpσ

ληeLr

)
(ūR

a
sσ

µνuLta) Cf3,f4,f5,f6⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa6
a5

(5.411)

O(1∼8)
CLFLd̄2

Rd2
L

Y [ p r , s t ]CLµνλρF
λρ
L (dLsaCσ

ηµdLtb)
(
d̄R

a
pση

νCd̄R
b
r

)
C[2],[2]

f3f4,f5f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa5

a3δ
a6
a4

Y [ p r , s t ]CLµνλρFLη
ρ (dLsaCσ

µνdLtb)
(
d̄R

a
pσ

ληCd̄R
b
r

)
C[2],[2]

f3f4,f5f6
⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa5

a3δ
a6
a4

Y
[

p r , s
t

]
CLµνλρF

λρ
L dLsaCdLtb

(
d̄R

a
pσ

µνCd̄R
b
r

)
C[2],[1,1]

f3f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa5

a3δ
a6
a4

Y
[

p r , s
t

]
CLµνλρF

λρ
L d̄R

a
pCd̄R

b
r (dLsaCσ

µνdLtb) C[2],[1,1]
f3f4,f5f6

⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa5
a3δ

a6
a4

Y
[

p
r , s t

]
CLµνλρF

λρ
L dLsaCdLtb

(
d̄R

a
pσ

µνCd̄R
b
r

)
C[1,1],[2]

f3f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa5

a3δ
a6
a4

Y
[

p
r , s t

]
CLµνλρF

λρ
L d̄R

a
pCd̄R

b
r (dLsaCσ

µνdLtb) C[1,1],[2]
f3f4,f5f6

⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa5
a3δ

a6
a4

Y
[

p
r ,

s
t

]
CLµνλρF

λρ
L (dLsaCσ

ηµdLtb)
(
d̄R

a
pση

νCd̄R
b
r

)
C[1,1],[1,1]

f3f4,f5f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa5

a3δ
a6
a4

Y
[

p
r ,

s
t

]
CLµνλρFLη

ρ (dLsaCσ
µνdLtb)

(
d̄R

a
pσ

ληCd̄R
b
r

)
C[1,1],[1,1]

f3f4,f5f6
⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa5

a3δ
a6
a4

(5.412)

O(1∼8)
CLFLd̄RdLūRuL

(ūR
c
suLtc)CLµνλρF

λρ
L

(
d̄R

a
pσ

µνdLra

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa4

a3δ
a6
a5(

d̄R
a
pdLra

)
CLµνλρF

λρ
L (ūR

c
sσ

µνuLtc) Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa4
a3δ

a6
a5

CLµνλρF
λρ
L

(
d̄R

a
pση

νdLra

)
(ūR

c
sσ

ηµuLtc) Cf3,f4,f5,f6⟨12⟩2⟨14⟩⟨15⟩⟨36⟩δa4
a3δ

a6
a5

CLµνλρFLη
ρ
(
d̄R

a
pσ

ληdLra

)
(ūR

c
sσ

µνuLtc) Cf3,f4,f5,f6⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa4
a3δ

a6
a5(

ūR
b
suLta

)
CLµνλρF

λρ
L

(
d̄R

a
pσ

µνdLrb

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa6

a3δ
a4
a5(

d̄R
a
pdLrb

)
CLµνλρF

λρ
L

(
ūR

b
sσ

µνuLta

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa6

a3δ
a4
a5

CLµνλρF
λρ
L

(
d̄R

a
pση

νdLrb

) (
ūR

b
sσ

ηµuLta

)
Cf3,f4,f5,f6⟨12⟩2⟨14⟩⟨15⟩⟨36⟩δa6

a3δ
a4
a5

CLµνλρFLη
ρ
(
d̄R

a
pσ

ληdLrb

) (
ūR

b
sσ

µνuLta

)
Cf3,f4,f5,f6⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa6

a3δ
a4
a5

(5.413)
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O(1∼8)
CLFLū2

Ru2
L

Y [ p r , s t ]CLµνλρF
λρ
L

(
ūR

a
pση

νCūR
b
r

)
(uLsaCσ

ηµuLtb) C[2],[2]
f3f4,f5f6

⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa5
a3δ

a6
a4

Y [ p r , s t ]CLµνλρFLη
ρ
(
ūR

a
pσ

ληCūR
b
r

)
(uLsaCσ

µνuLtb) C[2],[2]
f3f4,f5f6

⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩δa5
a3δ

a6
a4

Y
[

p r , s
t

]
CLµνλρF

λρ
L uLsaCuLtb

(
ūR

a
pσ

µνCūR
b
r

)
C[2],[1,1]

f3f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa5

a3δ
a6
a4

Y
[

p r , s
t

]
CLµνλρF

λρ
L ūR
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(5.414)

O(1∼3)
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Y [ p r s ] (ēRtdLsc) ϵabcCLµνλρF
λρ
L (dLpaCσ

µνdLrb) C[3]
f3f4f5,f6

⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵa3a4a5

Y [ p r s ] ϵabcCLµνλρFLη
ρ (ēRtσ
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(5.415)

O(1∼4)
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(5.416)

O(1∼4)
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(5.417)
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(5.418)

O(1∼8)
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c
sσ

µννLt) C[2]
f3f4,f5,f6
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c
sσ

µννLt) C[1,1]
f3f4,f5,f6

⟨12⟩2⟨13⟩⟨15⟩⟨46⟩ϵa3a5d
(
λA2

)d

a4

Y
[

p
r

]
λAd

bϵacdCLµνλρG
A
L

λρ (ūR
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(5.419)
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O(1∼8)
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λρūR
b
sCūR
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µνCēRr

)
C[1,1]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵa3a6d

(
λA2

)d
a5

Y
[

s
t

]
λAd

bϵacdCLµνλρG
A
L

λρd̄R
a
pCēRr
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(5.420)

O(1∼4)
CLGLd̄RdLν2
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L

λρνLsCνLt

(
d̄R

a
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(5.421)

O(1∼4)
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(5.422)

O(1∼4)
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O(1∼4)
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O(1∼4)
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ūR

a
puLrb

)
λAb

aCLµνλρG
A
L

λρ (νLsCσ
µννLt) C[1,1]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩

(
λA2

)a4

a3

Y
[

s
t

]
λAb

aCLµνλρG
A
L

λρ
(
ūR
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O(1∼4)
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(ūR
c
suLtd)λAd

cCLµνλρG
A
L

λρ
(
d̄R

a
pσ

µνdLra

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa4

a3

(
λA2

)a6

a5(
d̄R

a
pdLra

)
λAd

cCLµνλρG
A
L

λρ (ūR
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ūR

b
sσ

µνuLtd

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨15⟩⟨46⟩δa4

a5

(
λA2

)a6

a3

λAd
aCLµνλρG

A
L

λρ
(
d̄R

a
pση

νdLrb

) (
ūR
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b
r

)
C[2],[1,1]

f3f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩δa5

a3

(
λA2

)a6

a4

Y
[

p r , s
t

]
λAd

bCLµνλρG
A
L

λρūR
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f3f4,f5,f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵa3a5d (λA2

)a4

d

Y
[

p
r

]
λAb

dϵ
acdCLµνλρG

A
L

λρdLpaCdLrb (uLscCσ
µννLt) C[1,1]

f3f4,f5,f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩ϵa3a5d (λA2

)a4

d

Y
[

p
r

]
λAb

dϵ
acdCLµνλρG

A
L

λρ (dLpaCση
νdLrb) (uLscCσ

ηµνLt) C[1,1]
f3f4,f5,f6

⟨12⟩2⟨14⟩⟨15⟩⟨36⟩ϵa3a5d (λA2
)a4

d

Y
[

p
r

]
λAb

dϵ
acdCLµνλρG

A
L η

ρ
(
dLpaCσ

ληdLrb

)
(uLscCσ

µννLt) C[1,1]
f3f4,f5,f6

⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩ϵa3a5d (λA2
)a4

d

(5.431)

O(1∼8)
CLGLdLeLu2

L

Y [ s t ]λAb
dϵ

acdCLµνλρG
A
L

λρuLsbCuLtc (dLpaCσ
µνeLr) C[2]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵa3a6d (λA2

)a5

d
Y [ s t ]λAb

dϵ
acdCLµνλρG

A
L

λρdLpaCeLr (uLsbCσ
µνuLtc) C[2]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩ϵa3a6d (λA2

)a5

d
Y [ s t ]λAb

dϵ
acdCLµνλρG

A
L

λρ (dLpaCση
νeLr) (uLsbCσ

ηµuLtc) C[2]
f3,f4,f5f6

⟨12⟩2⟨14⟩⟨15⟩⟨36⟩ϵa3a6d (λA2
)a5

d
Y [ s t ]λAb

dϵ
acdCLµνλρG

A
L η

ρ
(
dLpaCσ

ληeLr

)
(uLsbCσ

µνuLtc) C[2]
f3,f4,f5f6

⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩ϵa3a6d (λA2
)a5

d
Y
[

s
t

]
λAb

dϵ
acdCLµνλρG

A
L

λρuLsbCuLtc (dLpaCσ
µνeLr) C[1,1]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨56⟩ϵa3a6d (λA2

)a5

d

Y
[

s
t

]
λAb

dϵ
acdCLµνλρG

A
L

λρdLpaCeLr (uLsbCσ
µνuLtc) C[1,1]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨15⟩⟨46⟩ϵa3a6d (λA2

)a5

d

Y
[

s
t

]
λAb

dϵ
acdCLµνλρG

A
L

λρ (dLpaCση
νeLr) (uLsbCσ

ηµuLtc) C[1,1]
f3,f4,f5f6

⟨12⟩2⟨14⟩⟨15⟩⟨36⟩ϵa3a6d (λA2
)a5

d

Y
[

s
t

]
λAb

dϵ
acdCLµνλρG

A
L η

ρ
(
dLpaCσ

ληeLr

)
(uLsbCσ

µνuLtc) C[1,1]
f3,f4,f5f6

⟨12⟩⟨13⟩⟨14⟩⟨15⟩⟨26⟩ϵa3a6d (λA2
)a5

d

(5.432)

Class CL
2ψ4: 18 types

OCL2ν4 Y
[

p r
s t

]
CLµνλρC

µνλρ
L νLpCνLrνLsCνLt C[2,2]

f3f4f5f6
⟨12⟩4⟨34⟩⟨56⟩ (5.433)
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H
E
P
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2
0
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)
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O(1∼3)
CL2ēReLν2

Y [ s t ] (ēRpeLr)CLµνλρC
µνλρ
L νLsCνLt C[2]

f3,f4,f5f6
⟨12⟩4⟨34⟩⟨56⟩

Y
[

s
t

]
CLµνλρC

µνλρ
L (ēRpσηξeLr)

(
νLsCσ

ηξνLt

)
C[1,1]

f3,f4,f5f6
⟨12⟩4⟨35⟩⟨46⟩

Y
[

s
t

]
CLµνλρCLηξ

λρ (ēRpσ
µνeLr)

(
νLsCσ

ηξνLt

)
C[1,1]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩

(5.434)

O(1∼3)
CL2ē2

Re2
L

Y [ p r , s t ]CLµνλρC
µνλρ
L eLsCeLtēRpCēRr C[2],[2]

f3f4,f5f6
⟨12⟩4⟨34⟩⟨56⟩

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L (ēRpσηξCēRr)

(
eLsCσ

ηξeLt

)
C[1,1],[1,1]

f3f4,f5f6
⟨12⟩4⟨35⟩⟨46⟩

Y
[

p
r ,

s
t

]
CLµνλρCLηξ

λρ
(
eLsCσ

ηξeLt

)
(ēRpσ

µνCēRr) C[1,1],[1,1]
f3f4,f5f6

⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩
(5.435)

O(1,2)
CL2d̄3

ReL

Y [ p r s ] ϵabcCLµνλρCLηξ
λρ
(
d̄R

c
sσ

ηξeLt

) (
d̄R

a
pσ

µνCd̄R
b
r

)
C[3]

f3f4f5,f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩ϵa3a4a5

Y
[

p r
s

] (
d̄R

c
seLt

)
ϵabcCLµνλρC

µνλρ
L d̄R

a
pCd̄R

b
r C[2,1]

f3f4f5,f6
⟨12⟩4⟨35⟩⟨46⟩ϵa3a4a5

(5.436)

O(1∼3)
CL2d̄2

RνūR

Y [ p r ] ϵabcCLµνλρC
µνλρ
L

(
d̄R

a
pσηξCd̄R

b
r

) (
ūR

c
sσ

ηξνLt

)
C[2]

f3f4,f5,f6
⟨12⟩4⟨35⟩⟨46⟩ϵa3a4a5

Y [ p r ] ϵabcCLµνλρCLηξ
λρ
(
ūR

c
sσ

ηξνLt

) (
d̄R

a
pσ

µνCd̄R
b
r

)
C[2]

f3f4,f5,f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩ϵa3a4a5

Y
[

p
r

]
(ūR

c
sνLt) ϵabcCLµνλρC

µνλρ
L d̄R

a
pCd̄R

b
r C[1,1]

f3f4,f5,f6
⟨12⟩4⟨34⟩⟨56⟩ϵa3a4a5

(5.437)

O(1∼3)
CL2d̄RēRū2

R

Y [ s t ] ϵabcCLµνλρC
µνλρ
L

(
d̄R

a
pσηξCēRr

) (
ūR

b
sσ

ηξCūR
c
t

)
C[2]

f3,f4,f5f6
⟨12⟩4⟨35⟩⟨46⟩ϵa3a5a6

Y [ s t ] ϵabcCLµνλρCLηξ
λρ
(
d̄R

a
pσ

µνCēRr

) (
ūR

b
sσ

ηξCūR
c
t

)
C[2]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩ϵa3a5a6

Y
[

s
t

]
ϵabcCLµνλρC

µνλρ
L d̄R

a
pCēRrūR

b
sCūR

c
t C[1,1]

f3,f4,f5f6
⟨12⟩4⟨34⟩⟨56⟩ϵa3a5a6

(5.438)

O(1∼3)
CL2d̄RdLν2

Y [ s t ]
(
d̄R

a
pdLra

)
CLµνλρC

µνλρ
L νLsCνLt C[2]

f3,f4,f5f6
⟨12⟩4⟨34⟩⟨56⟩δa4

a3

Y
[

s
t

]
CLµνλρC

µνλρ
L

(
d̄R

a
pσηξdLra

) (
νLsCσ

ηξνLt

)
C[1,1]

f3,f4,f5f6
⟨12⟩4⟨35⟩⟨46⟩δa4

a3

Y
[

s
t

]
CLµνλρCLηξ

λρ
(
d̄R

a
pσ

µνdLra

) (
νLsCσ

ηξνLt

)
C[1,1]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa4

a3

(5.439)

O(1∼3)
CL2d̄RdLēReL

(
d̄R

a
pdLra

)
(ēRseLt)CLµνλρC

µνλρ
L Cf3,f4,f5,f6⟨12⟩4⟨34⟩⟨56⟩δa4

a3

CLµνλρC
µνλρ
L

(
d̄R

a
pσηξdLra

) (
ēRsσ

ηξeLt

)
Cf3,f4,f5,f6⟨12⟩4⟨35⟩⟨46⟩δa4

a3

CLµνλρCLηξ
λρ
(
d̄R

a
pσ

µνdLra

) (
ēRsσ

ηξeLt

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa4

a3

(5.440)

O(1∼3)
CL2dLēRνūR

(ēRrdLpa) (ūR
a
sνLt)CLµνλρC

µνλρ
L Cf3,f4,f5,f6⟨12⟩4⟨34⟩⟨56⟩δa3

a5

CLµνλρC
µνλρ
L (ēRrσηξdLpa)

(
ūR

a
sσ

ηξνLt

)
Cf3,f4,f5,f6⟨12⟩4⟨35⟩⟨46⟩δa3

a5

CLµνλρCLηξ
λρ (ēRrσ

µνdLpa)
(
ūR

a
sσ

ηξνLt

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa3

a5

(5.441)

O(1∼3)
CL2d̄ReLνuL

(
d̄R

a
peLr

)
CLµνλρC

µνλρ
L uLsaCνLt Cf3,f4,f5,f6⟨12⟩4⟨34⟩⟨56⟩δa5

a3

CLµνλρC
µνλρ
L

(
d̄R

a
pσηξeLr

) (
uLsaCσ

ηξνLt

)
Cf3,f4,f5,f6⟨12⟩4⟨35⟩⟨46⟩δa5

a3

CLµνλρCLηξ
λρ
(
d̄R

a
pσ

µνeLr

) (
uLsaCσ

ηξνLt

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa5

a3

(5.442)

O(1∼3)
CL2ν2ūRuL

Y [ s t ]
(
ūR

a
puLra

)
CLµνλρC

µνλρ
L νLsCνLt C[2]

f3,f4,f5f6
⟨12⟩4⟨34⟩⟨56⟩δa4

a3

Y
[

s
t

]
CLµνλρC

µνλρ
L

(
ūR

a
pσηξuLra

) (
νLsCσ

ηξνLt

)
C[1,1]

f3,f4,f5f6
⟨12⟩4⟨35⟩⟨46⟩δa4

a3

Y
[

s
t

]
CLµνλρCLηξ

λρ
(
ūR

a
pσ

µνuLra

) (
νLsCσ

ηξνLt

)
C[1,1]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa4

a3

(5.443)
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J
H
E
P
1
0
(
2
0
2
3
)
0
1
9

O(1∼3)
CL2ēReLūRuL

(ēRpeLr) (ūR
a
suLta)CLµνλρC

µνλρ
L Cf3,f4,f5,f6⟨12⟩4⟨34⟩⟨56⟩δa6

a5

CLµνλρC
µνλρ
L (ēRpσηξeLr)

(
ūR

a
sσ

ηξuLta

)
Cf3,f4,f5,f6⟨12⟩4⟨35⟩⟨46⟩δa6

a5

CLµνλρCLηξ
λρ (ēRpσ

µνeLr)
(
ūR

a
sσ

ηξuLta

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa6

a5

(5.444)

O(1∼6)
CL2d̄2

Rd2
L

Y [ p r , s t ]CLµνλρC
µνλρ
L dLsaCdLtbd̄R

a
pCd̄R

b
r C[2],[2]

f3f4,f5f6
⟨12⟩4⟨34⟩⟨56⟩δa5

a3δ
a6
a4

Y [ p r , s t ]CLµνλρC
µνλρ
L

(
d̄R

a
pσηξCd̄R

b
r

) (
dLsaCσ

ηξdLtb

)
C[2],[2]

f3f4,f5f6
⟨12⟩4⟨35⟩⟨46⟩δa5

a3δ
a6
a4

Y [ p r , s t ]CLµνλρCLηξ
λρ
(
dLsaCσ

ηξdLtb

) (
d̄R

a
pσ

µνCd̄R
b
r

)
C[2],[2]

f3f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa5

a3δ
a6
a4

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L dLsaCdLtbd̄R

a
pCd̄R

b
r C[1,1],[1,1]

f3f4,f5f6
⟨12⟩4⟨34⟩⟨56⟩δa5

a3δ
a6
a4

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L

(
d̄R

a
pσηξCd̄R

b
r

) (
dLsaCσ

ηξdLtb

)
C[1,1],[1,1]

f3f4,f5f6
⟨12⟩4⟨35⟩⟨46⟩δa5

a3δ
a6
a4

Y
[

p
r ,

s
t

]
CLµνλρCLηξ

λρ
(
dLsaCσ

ηξdLtb

) (
d̄R

a
pσ

µνCd̄R
b
r

)
C[1,1],[1,1]

f3f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa5

a3δ
a6
a4

(5.445)

O(1∼6)
CL2d̄RdLūRuL

(
d̄R

a
pdLra

)
(ūR

c
suLtc)CLµνλρC

µνλρ
L Cf3,f4,f5,f6⟨12⟩4⟨34⟩⟨56⟩δa4

a3δ
a6
a5

CLµνλρC
µνλρ
L

(
d̄R

a
pσηξdLra

) (
ūR

c
sσ

ηξuLtc

)
Cf3,f4,f5,f6⟨12⟩4⟨35⟩⟨46⟩δa4

a3δ
a6
a5

CLµνλρCLηξ
λρ
(
d̄R

a
pσ

µνdLra

) (
ūR

c
sσ

ηξuLtc

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa4

a3δ
a6
a5(

d̄R
a
pdLrb

) (
ūR

b
suLta

)
CLµνλρC

µνλρ
L Cf3,f4,f5,f6⟨12⟩4⟨34⟩⟨56⟩δa6

a3δ
a4
a5

CLµνλρC
µνλρ
L

(
d̄R

a
pσηξdLrb

) (
ūR

b
sσ

ηξuLta

)
Cf3,f4,f5,f6⟨12⟩4⟨35⟩⟨46⟩δa6

a3δ
a4
a5

CLµνλρCLηξ
λρ
(
d̄R

a
pσ

µνdLrb

) (
ūR

b
sσ

ηξuLta

)
Cf3,f4,f5,f6⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa6

a3δ
a4
a5

(5.446)

O(1∼6)
CL2ū2

Ru2
L

Y [ p r , s t ]CLµνλρC
µνλρ
L ūR

a
pCūR

b
ruLsaCuLtb C[2],[2]

f3f4,f5f6
⟨12⟩4⟨34⟩⟨56⟩δa5

a3δ
a6
a4

Y [ p r , s t ]CLµνλρC
µνλρ
L

(
ūR

a
pσηξCūR

b
r

) (
uLsaCσ

ηξuLtb

)
C[2],[2]

f3f4,f5f6
⟨12⟩4⟨35⟩⟨46⟩δa5

a3δ
a6
a4

Y [ p r , s t ]CLµνλρCLηξ
λρ
(
ūR

a
pσ

µνCūR
b
r

) (
uLsaCσ

ηξuLtb

)
C[2],[2]

f3f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa5

a3δ
a6
a4

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L ūR

a
pCūR

b
ruLsaCuLtb C[1,1],[1,1]

f3f4,f5f6
⟨12⟩4⟨34⟩⟨56⟩δa5

a3δ
a6
a4

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L

(
ūR

a
pσηξCūR

b
r

) (
uLsaCσ

ηξuLtb

)
C[1,1],[1,1]

f3f4,f5f6
⟨12⟩4⟨35⟩⟨46⟩δa5

a3δ
a6
a4

Y
[

p
r ,

s
t

]
CLµνλρCLηξ

λρ
(
ūR

a
pσ

µνCūR
b
r

) (
uLsaCσ

ηξuLtb

)
C[1,1],[1,1]

f3f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩δa5

a3δ
a6
a4

(5.447)

O(1,2)
CL2d3

LēR

Y [ p r s ] ϵabcCLµνλρCLηξ
λρ
(
ēRtσ

ηξdLsc

)
(dLpaCσ

µνdLrb) C[3]
f3f4f5,f6

⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩ϵa3a4a5

Y
[

p r
s

]
(ēRtdLsc) ϵabcCLµνλρC

µνλρ
L dLpaCdLrb C[2,1]

f3f4f5,f6
⟨12⟩4⟨35⟩⟨46⟩ϵa3a4a5

(5.448)

O(1∼3)
CL2d2

LνuL

Y [ p r ] ϵabcCLµνλρC
µνλρ
L (dLpaCσηξdLrb)

(
uLscCσ

ηξνLt

)
C[2]

f3f4,f5,f6
⟨12⟩4⟨35⟩⟨46⟩ϵa3a4a5

Y [ p r ] ϵabcCLµνλρCLηξ
λρ (dLpaCσ

µνdLrb)
(
uLscCσ

ηξνLt

)
C[2]

f3f4,f5,f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩ϵa3a4a5

Y
[

p
r

]
ϵabcCLµνλρC

µνλρ
L dLpaCdLrbuLscCνLt C[1,1]

f3f4,f5,f6
⟨12⟩4⟨34⟩⟨56⟩ϵa3a4a5

(5.449)

O(1∼3)
CL2dLeLu2

L

Y [ s t ] ϵabcCLµνλρC
µνλρ
L (dLpaCσηξeLr)

(
uLsbCσ

ηξuLtc

)
C[2]

f3,f4,f5f6
⟨12⟩4⟨35⟩⟨46⟩ϵa3a5a6

Y [ s t ] ϵabcCLµνλρCLηξ
λρ (dLpaCσ

µνeLr)
(
uLsbCσ

ηξuLtc

)
C[2]

f3,f4,f5f6
⟨12⟩2⟨13⟩⟨14⟩⟨25⟩⟨26⟩ϵa3a5a6

Y
[

s
t

]
ϵabcCLµνλρC

µνλρ
L dLpaCeLruLsbCuLtc C[1,1]

f3,f4,f5f6
⟨12⟩4⟨34⟩⟨56⟩ϵa3a5a6

(5.450)

Class CLFLψ
2ψ̄2: 136 types

OCLFLν2ν̄2 Y
[

p
r , s t

]
CLµνλρF

µν
L (ν̄Lsγ

ρνLp)
(
ν̄Ltγ

λνLr

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩

(5.451)
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OCLFLeRēLν2 Y
[

s
t

]
CLµνλρF

µν
L

(
ēLtγ

λνLr

)
(νLpCγ

ρeRs) C[2]
f3f4,f5,f6

[56]⟨12⟩2⟨13⟩⟨14⟩
(5.452)

OCLFLēReRνν̄ CLµνλρF
µν
L (ēRpγ

ρeRs)
(
ν̄Ltγ

λνLr

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ (5.453)

OCLFLē2
Re2

R
Y
[

p
r , s t

]
CLµνλρF

µν
L (ēRpγ

ρeRs)
(
ēRrγ

λeRt

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩

(5.454)
OCLFLeLēLνν̄ CLµνλρF

µν
L (ēLsγ

ρeLp)
(
ν̄Ltγ

λνLr

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ (5.455)

OCLFLēReLν̄2 Y [ s t ]CLµνλρF
µν
L

(
ν̄Ltγ

λeLr

)
(ēRpγ

ρCν̄Ls) C[2]
f3,f4,f5f6

[56]⟨12⟩2⟨13⟩⟨14⟩
(5.456)

OCLFLēReReLēL CLµνλρF
µν
L

(
ēLtγ

λeLr

)
(ēRpγ

ρeRs) Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ (5.457)

OCLFLe2
Lē2

L
Y
[

p
r , s t

]
CLµνλρF

µν
L (ēLsγ

ρeLp)
(
ēLtγ

λeLr

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩

(5.458)
OCLFLdRd̄Lν2 Y

[
s
t

]
CLµνλρF

µν
L

(
d̄Lt

aγλνLr

)
(νLpCγ

ρdRsa) C[2]
f3f4,f5,f6

[56]⟨12⟩2⟨13⟩⟨14⟩δa5
a6

(5.459)
OCLFLν2uRūL Y

[
s
t

]
CLµνλρF

µν
L

(
ūLt

aγλνLr

)
(νLpCγ

ρuRsa) C[2]
f3f4,f5,f6

[56]⟨12⟩2⟨13⟩⟨14⟩δa5
a6

(5.460)
OCLFLdRēRνūL CLµνλρF

µν
L (ēRpγ

ρdRsa)
(
ūLt

aγλνLr

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a6

(5.461)
OCLFLd̄LeLνuR

CLµνλρF
µν
L

(
d̄Ls

aγρeLp

) (
νLrCγ

λuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a5

(5.462)
OCLFLdRd̄LēReL

CLµνλρF
µν
L (ēRpγ

ρdRsa)
(
d̄Lt

aγλeLr

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a6

(5.463)
OCLFLēReLuRūL CLµνλρF

µν
L

(
ūLt

aγλeLr

)
(ēRpγ

ρuRsa) Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5
a6

(5.464)
OCLFLd̄RdRνν̄ CLµνλρF

µν
L

(
d̄R

a
pγ

ρdRsa

) (
ν̄Ltγ

λνLr

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3 (5.465)

OCLFLd̄ReRνuR
CLµνλρF

µν
L

(
d̄R

a
pγ

ρeRs

) (
νLrCγ

λuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a3

(5.466)
OCLFLd̄RdRēReR

CLµνλρF
µν
L

(
d̄R

a
pγ

ρdRsa

) (
ēRrγ

λeRt

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(5.467)
OCLFLd̄RdReLēL

CLµνλρF
µν
L

(
d̄R

a
pγ

ρdRsa

) (
ēLtγ

λeLr

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(5.468)
OCLFLd̄ReLν̄uR

CLµνλρF
µν
L

(
ν̄Ltγ

λeLr

) (
d̄R

a
pγ

ρuRsa

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(5.469)
OCLFLdLd̄Lνν̄ CLµνλρF

µν
L

(
d̄Ls

aγρdLpa

) (
ν̄Ltγ

λνLr

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a5

(5.470)
OCLFLdLēLνūL CLµνλρF

µν
L (ēLsγ

ρdLpa)
(
ūLt

aγλνLr

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a6

(5.471)
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OCLFLdLd̄LēReR
CLµνλρF

µν
L

(
d̄Ls

aγρdLpa

) (
ēRrγ

λeRt

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a5

(5.472)
OCLFLdLēRν̄ūL CLµνλρF

µν
L (ūLs

aγρdLpa)
(
ēRrγ

λCν̄Lt

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a5

(5.473)
OCLFLdLd̄LeLēL

CLµνλρF
µν
L

(
d̄Ls

aγρdLpa

) (
ēLtγ

λeLr

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a5

(5.474)
OCLFLd̄RdLν̄2 Y [ s t ]CLµνλρF

µν
L

(
ν̄Ltγ

λdLra

) (
d̄R

a
pγ

ρCν̄Ls

)
C[2]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(5.475)
OCLFLd̄RdLeRēL

CLµνλρF
µν
L

(
ēLtγ

λdLra

) (
d̄R

a
pγ

ρeRs

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(5.476)
OCLFLdRēLνūR CLµνλρF

µν
L

(
ūR

a
pγ

ρdRsa

) (
ēLtγ

λνLr

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(5.477)
OCLFLνν̄ūRuR CLµνλρF

µν
L

(
ν̄Ltγ

λνLr

) (
ūR

a
pγ

ρuRsa

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(5.478)
OCLFLdRēRν̄ūR CLµνλρF

µν
L (ēRpγ

ρdRsa)
(
ūR

a
rγ

λCν̄Lt

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a4

(5.479)
OCLFLēReRūRuR CLµνλρF

µν
L (ēRpγ

ρeRs)
(
ūR

a
rγ

λuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a4

(5.480)
OCLFLeLēLūRuR CLµνλρF

µν
L (ēLsγ

ρeLp)
(
ūR

a
rγ

λuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a4

(5.481)
OCLFLdLēLν̄ūR CLµνλρF

µν
L (ēLsγ

ρdLpa)
(
ūR

a
rγ

λCν̄Lt

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a4

(5.482)
OCLFLd̄LeRνuL

CLµνλρF
µν
L

(
d̄Ls

aγρuLpa

) (
νLrCγ

λeRt

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a5

(5.483)
OCLFLνν̄uLūL CLµνλρF

µν
L

(
ν̄Ltγ

λνLr

)
(ūLs

aγρuLpa) Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3
a5

(5.484)
OCLFLēReRuLūL CLµνλρF

µν
L (ēRpγ

ρeRs)
(
ūLt

aγλuLra

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a6

(5.485)
OCLFLd̄LeLν̄uL

CLµνλρF
µν
L

(
d̄Ls

aγρeLp

) (
ν̄Ltγ

λuLra

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a5

(5.486)
OCLFLeLēLuLūL CLµνλρF

µν
L (ēLsγ

ρeLp)
(
ūLt

aγλuLra

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a6

(5.487)
OCLFLd̄ReRν̄uL

CLµνλρF
µν
L

(
d̄R

a
pγ

ρeRs

) (
ν̄Ltγ

λuLra

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(5.488)
OCLFLν̄2ūRuL Y [ s t ]CLµνλρF

µν
L

(
ν̄Ltγ

λuLra

) (
ūR

a
pγ

ρCν̄Ls

)
C[2]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(5.489)
OCLFLeRēLūRuL CLµνλρF

µν
L

(
ūR

a
pγ

ρeRs

) (
ēLtγ

λuLra

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(5.490)
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OCLFLd̄Rd̄LνūL
ϵabcCLµνλρF

µν
L

(
ūLt

cγλνLr

) (
d̄R

a
pγ

ρCd̄Ls
b
)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5a6

(5.491)
OCLFLd̄RēRū2

L
Y
[

s
t

]
ϵabcCLµνλρF

µν
L

(
d̄R

a
pγ

ρCūLs
b
) (
ēRrγ

λCūLt
c
)
C[2]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5a6

(5.492)
OCLFLd̄Rd̄2

LeL
Y
[

r
s

]
ϵabcCLµνλρF

µν
L

(
d̄Lt

cγλeLr

) (
d̄R

a
pγ

ρCd̄Ls
b
)
C[2]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5a6

(5.493)
OCLFLd̄2

Rd̄LeR
Y [ p r ] ϵabcCLµνλρF

µν
L

(
d̄R

b
rγ

λeRt

) (
d̄R

a
pγ

ρCd̄Ls
c
)
C[2]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a4a5

(5.494)
OCLFLd̄2

Rν̄ūL
Y [ p r ] ϵabcCLµνλρF

µν
L

(
d̄R

a
pγ

ρCūLs
c
) (
d̄R

b
rγ

λCν̄Lt

)
C[2]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a4a5

(5.495)
OCLFLd̄2

LνūR
Y
[

p
r

]
ϵabcCLµνλρF

µν
L

(
d̄Lt

cγλνLr

) (
ūR

a
pγ

ρCd̄Ls
b
)
C[2]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5a6

(5.496)
OCLFLd̄LēRūRūL

ϵabcCLµνλρF
µν
L

(
ēRpγ

ρCd̄Ls
b
) (
ūR

a
rγ

λCūLt
c
)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa4a5a6

(5.497)
OCLFLd̄Rd̄Lν̄ūR

ϵabcCLµνλρF
µν
L

(
d̄R

a
pγ

ρCd̄Ls
c
) (
ūR

b
rγ

λCν̄Lt

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a4a5

(5.498)
OCLFLd̄RēLūRūL

ϵabcCLµνλρF
µν
L

(
d̄R

a
pγ

ρCēLs

) (
ūR

b
rγ

λCūLt
c
)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a4a6

(5.499)
OCLFLd̄LēLū2

R
Y [ s t ] ϵabcCLµνλρF

µν
L

(
ūR

a
pγ

ρCd̄Ls
c
) (
ūR

b
rγ

λCēLt

)
C[2]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a4a5

(5.500)

O(1,2)
CLFLd̄2

Rd2
R

Y
[

p r , s
t

]
CLµνλρF

µν
L

(
d̄R

a
pγ

ρdRsa

) (
d̄R

b
rγ

λdRtb

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3δ
a6
a4

Y
[

p
r , s t

]
CLµνλρF

µν
L

(
d̄R

a
pγ

ρdRsa

) (
d̄R

b
rγ

λdRtb

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3δ
a6
a4

(5.501)

O(1,2)
CLFLd̄RdRdLd̄L

CLµνλρF
µν
L

(
d̄Lt

bγλdLrb

) (
d̄R

a
pγ

ρdRsa

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3δ
a4
a6

CLµνλρF
µν
L

(
d̄Lt

cγλdLra

) (
d̄R

a
pγ

ρdRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3δ
a5
a6

(5.502)

O(1,2)
CLFLd̄RdLuRūL

CLµνλρF
µν
L

(
ūLt

bγλdLrb

) (
d̄R

a
pγ

ρuRsa

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3δ
a4
a6

CLµνλρF
µν
L

(
ūLt

cγλdLra

) (
d̄R

a
pγ

ρuRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3δ
a5
a6

(5.503)

O(1,2)
CLFLd2

Ld̄2
L

Y
[

p r , s
t

]
CLµνλρF

µν
L

(
d̄Ls

aγρdLpa

) (
d̄Lt

bγλdLrb

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa3

a5δ
a4
a6

Y
[

p
r , s t

]
CLµνλρF

µν
L

(
d̄Ls

aγρdLpa

) (
d̄Lt

bγλdLrb

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa3

a5δ
a4
a6

(5.504)

O(1,2)
CLFLd̄RdRūRuR

CLµνλρF
µν
L

(
d̄R

a
pγ

ρdRsa

) (
ūR

b
rγ

λuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3δ
a6
a4

CLµνλρF
µν
L

(
d̄R

a
pγ

ρdRsb

) (
ūR

b
rγ

λuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a3δ
a5
a4

(5.505)

O(1,2)
CLFLdLd̄LūRuR

CLµνλρF
µν
L

(
d̄Ls

cγρdLpa

) (
ūR

a
rγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a4δ
a6
a5

CLµνλρF
µν
L

(
d̄Ls

aγρdLpa

) (
ūR

b
rγ

λuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a5δ
a6
a4

(5.506)
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λAb

aCLµνλρG
A
L

µν
(
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OCLGLēReRūRuR λAb
aCLµνλρG

A
L

µν (ēRpγ
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ūR

a
rγ

λuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩

(
λA2

)a6

a4
(5.545)

OCLGLdLēLν̄ūR λAa
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λCūLt
c
)
C[2]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a6d

(
λA2

)d

a5

Y
[

s
t

]
λAd

bϵacdCLµνλρG
A
L

µν
(
d̄R

a
pγ

ρCūLs
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λAd

bϵacdCLµνλρG
A
L

µν
(
d̄R

b
rγ

λeRt

) (
d̄R

a
pγ

ρCd̄Ls
c
)

C[1,1]
f3f4,f5,f6

[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d
(
λA2

)d

a4

(5.558)
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O(1,2)
CLGLd̄2

Rν̄ūL

Y [ p r ]λAd
bϵacdCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρCūLs
c
) (
d̄R

b
rγ

λCν̄Lt

)
C[2]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d

(
λA2

)d

a4

Y
[

p
r

]
λAd

bϵacdCLµνλρG
A
L

µν
(
d̄R

a
pγ

ρCūLs
c
) (
d̄R

b
rγ

λCν̄Lt

)
C[1,1]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d

(
λA2

)d

a4

(5.559)

O(1,2)
CLGLd̄2

LνūR

Y [ p r ]λAd
bϵacdCLµνλρG

A
L

µν
(
d̄Lt

cγλνLr

) (
ūR

a
pγ

ρCd̄Ls
b
)
C[2]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a6d

(
λA2

)d

a5

Y
[

p
r

]
λAd

bϵacdCLµνλρG
A
L

µν
(
d̄Lt

cγλνLr

) (
ūR

a
pγ

ρCd̄Ls
b
)

C[1,1]
f3,f4,f5f6

[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a6d
(
λA2

)d

a5

(5.560)

O(1,2)
CLGLd̄LēRūRūL

λAd
bϵacdCLµνλρG

A
L

µν
(
ēRpγ

ρCd̄Ls
b
) (
ūR

a
rγ

λCūLt
c
)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa4a6d

(
λA2

)d

a5

λAd
aϵbcdCLµνλρG

A
L

µν
(
ēRpγ

ρCd̄Ls
b
) (
ūR

a
rγ

λCūLt
c
)

Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa5a6d
(
λA2

)d

a4

(5.561)

O(1,2)
CLGLd̄Rd̄Lν̄ūR

λAd
bϵacdCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρCd̄Ls
c
) (
ūR

b
rγ

λCν̄Lt

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d

(
λA2

)d

a4

λAd
aϵbcdCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρCd̄Ls
c
) (
ūR

b
rγ

λCν̄Lt

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa4a5d

(
λA2

)d

a3

(5.562)

O(1,2)
CLGLd̄RēLūRūL

λAd
bϵacdCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρCēLs

) (
ūR

b
rγ

λCūLt
c
)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a6d

(
λA2

)d

a4

λAd
aϵbcdCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρCēLs

) (
ūR

b
rγ

λCūLt
c
)

Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa4a6d
(
λA2

)d

a3

(5.563)

O(1,2)
CLGLd̄LēLū2

R

Y [ s t ]λAd
bϵacdCLµνλρG

A
L

µν
(
ūR

a
pγ

ρCd̄Ls
c
) (
ūR

b
rγ

λCēLt

)
C[2]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d

(
λA2

)d

a4

Y
[

s
t

]
λAd

bϵacdCLµνλρG
A
L

µν
(
ūR

a
pγ

ρCd̄Ls
c
) (
ūR

b
rγ

λCēLt

)
C[1,1]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d

(
λA2

)d

a4

(5.564)

O(1∼4)
CLGLd̄2

Rd2
R

Y [ p r , s t ]λAd
bCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsa

) (
d̄R

b
rγ

λdRtd

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

Y
[

p r , s
t

]
λAd

bCLµνλρG
A
L

µν
(
d̄R

a
pγ

ρdRsa

) (
d̄R

b
rγ

λdRtd

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

Y
[

p
r , s t

]
λAd

bCLµνλρG
A
L

µν
(
d̄R

a
pγ

ρdRsa

) (
d̄R

b
rγ

λdRtd

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

Y
[

p
r ,

s
t

]
λAd

bCLµνλρG
A
L

µν
(
d̄R

a
pγ

ρdRsa

) (
d̄R

b
rγ

λdRtd

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

(5.565)

O(1∼4)
CLGLd̄RdRdLd̄L

λAb
dCLµνλρG

A
L

µν
(
d̄Lt

dγλdLrb

) (
d̄R

a
pγ

ρdRsa

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a4

a6

λAb
aCLµνλρG

A
L

µν
(
d̄Lt

cγλdLrb

) (
d̄R

a
pγ

ρdRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a6

(
λA2

)a4

a3

λAc
dCLµνλρG

A
L

µν
(
d̄Lt

dγλdLra

) (
d̄R

a
pγ

ρdRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(
λA2

)a5

a6

λAc
aCLµνλρG

A
L

µν
(
d̄Lt

bγλdLrb

) (
d̄R

a
pγ

ρdRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a6

(
λA2

)a5

a3

(5.566)

O(1∼4)
CLGLd̄RdLuRūL

λAb
dCLµνλρG

A
L

µν
(
ūLt

dγλdLrb

) (
d̄R

a
pγ

ρuRsa

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a4

a6

λAb
aCLµνλρG

A
L

µν
(
ūLt

cγλdLrb

) (
d̄R

a
pγ

ρuRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a6

(
λA2

)a4

a3

λAc
dCLµνλρG

A
L

µν
(
ūLt

dγλdLra

) (
d̄R

a
pγ

ρuRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(
λA2

)a5

a6

λAc
aCLµνλρG

A
L

µν
(
ūLt

bγλdLrb

) (
d̄R

a
pγ

ρuRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a6

(
λA2

)a5

a3

(5.567)

O(1∼4)
CLGLd2

Ld̄2
L

Y [ p r , s t ]λAb
cCLµνλρG

A
L

µν
(
d̄Ls

cγρdLpa

) (
d̄Lt

aγλdLrb

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa3

a6

(
λA2

)a4

a5

Y
[

p r , s
t

]
λAb

cCLµνλρG
A
L

µν
(
d̄Ls

cγρdLpa

) (
d̄Lt

aγλdLrb

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa3

a6

(
λA2

)a4

a5

Y
[

p
r , s t

]
λAb

cCLµνλρG
A
L

µν
(
d̄Ls

cγρdLpa

) (
d̄Lt

aγλdLrb

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa3

a6

(
λA2

)a4

a5

Y
[

p
r ,

s
t

]
λAb

cCLµνλρG
A
L

µν
(
d̄Ls

cγρdLpa

) (
d̄Lt

aγλdLrb

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa3

a6

(
λA2

)a4

a5

(5.568)
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O(1∼4)
CLGLd̄RdRūRuR

λAd
bCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsa

) (
ūR

b
rγ

λuRtd

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

λAd
aCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsb

) (
ūR

b
rγ

λuRtd

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a4

(
λA2

)a6

a3

λAc
aCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsc

) (
ūR

b
rγ

λuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a4

(
λA2

)a5

a3

λAc
bCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsc

) (
ūR

b
rγ

λuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a3

(
λA2

)a5

a4

(5.569)

O(1∼4)
CLGLdLd̄LūRuR

λAd
bCLµνλρG

A
L

µν
(
d̄Ls

aγρdLpa

) (
ūR

b
rγ

λuRtd

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a5

(
λA2

)a6

a4

λAa
bCLµνλρG

A
L

µν
(
d̄Ls

cγρdLpa

) (
ūR

b
rγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a5

(
λA2

)a3

a4

λAd
cCLµνλρG

A
L

µν
(
d̄Ls

cγρdLpa

) (
ūR

a
rγ

λuRtd

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a4

(
λA2

)a6

a5

λAa
cCLµνλρG

A
L

µν
(
d̄Ls

cγρdLpa

) (
ūR

b
rγ

λuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa6

a4

(
λA2

)a3

a5

(5.570)

O(1∼4)
CLGLū2

Ru2
R

Y [ p r , s t ]λAd
bCLµνλρG

A
L

µν
(
ūR

a
pγ

ρuRsa

) (
ūR

b
rγ

λuRtd

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

Y
[

p r , s
t

]
λAd

bCLµνλρG
A
L

µν
(
ūR

a
pγ

ρuRsa

) (
ūR

b
rγ

λuRtd

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

Y
[

p
r , s t

]
λAd

bCLµνλρG
A
L

µν
(
ūR

a
pγ

ρuRsa

) (
ūR

b
rγ

λuRtd

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

Y
[

p
r ,

s
t

]
λAd

bCLµνλρG
A
L

µν
(
ūR

a
pγ

ρuRsa

) (
ūR

b
rγ

λuRtd

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a6

a4

(5.571)

O(1∼4)
CLGLd̄RdRuLūL

λAb
dCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsa

) (
ūLt

dγλuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a4

a6

λAb
aCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsc

) (
ūLt

cγλuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a6

(
λA2

)a4

a3

λAc
dCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsc

) (
ūLt

dγλuLra

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(
λA2

)a5

a6

λAc
aCLµνλρG

A
L

µν
(
d̄R

a
pγ

ρdRsc

) (
ūLt

bγλuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a6

(
λA2

)a5

a3

(5.572)

O(1∼4)
CLGLdLd̄LuLūL

λAb
cCLµνλρG

A
L

µν
(
d̄Ls

cγρdLpa

) (
ūLt

aγλuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a6

(
λA2

)a4

a5

λAb
dCLµνλρG

A
L

µν
(
d̄Ls

aγρdLpa

) (
ūLt

dγλuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa3

a5

(
λA2

)a4

a6

λAa
cCLµνλρG

A
L

µν
(
d̄Ls

cγρdLpa

) (
ūLt

bγλuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a6

(
λA2

)a3

a5

λAa
dCLµνλρG

A
L

µν
(
d̄Ls

bγρdLpa

) (
ūLt

dγλuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a5

(
λA2

)a3

a6

(5.573)

O(1∼4)
CLGLdRd̄LūRuL

λAb
dCLµνλρG

A
L

µν
(
ūR

a
pγ

ρdRsa

) (
d̄Lt

dγλuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a4

a6

λAb
aCLµνλρG

A
L

µν
(
ūR

a
pγ

ρdRsc

) (
d̄Lt

cγλuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a6

(
λA2

)a4

a3

λAc
dCLµνλρG

A
L

µν
(
ūR

a
pγ

ρdRsc

) (
d̄Lt

dγλuLra

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(
λA2

)a5

a6

λAc
aCLµνλρG

A
L

µν
(
ūR

a
pγ

ρdRsc

) (
d̄Lt

bγλuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a6

(
λA2

)a5

a3

(5.574)

O(1∼4)
CLGLūRuRuLūL

λAb
dCLµνλρG

A
L

µν
(
ūLt

dγλuLrb

) (
ūR

a
pγ

ρuRsa

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a3

(
λA2

)a4

a6

λAb
aCLµνλρG

A
L

µν
(
ūLt

cγλuLrb

) (
ūR

a
pγ

ρuRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa5

a6

(
λA2

)a4

a3

λAc
dCLµνλρG

A
L

µν
(
ūLt

dγλuLra

) (
ūR

a
pγ

ρuRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a3

(
λA2

)a5

a6

λAc
aCLµνλρG

A
L

µν
(
ūLt

bγλuLrb

) (
ūR

a
pγ

ρuRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩δa4

a6

(
λA2

)a5

a3

(5.575)
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O(1∼4)
CLGLu2

Lū2
L

Y [ p r , s t ]λAb
cCLµνλρG

A
L

µν (ūLs
cγρuLpa)

(
ūLt

aγλuLrb

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa3

a6

(
λA2

)a4

a5

Y
[

p r , s
t

]
λAb

cCLµνλρG
A
L

µν (ūLs
cγρuLpa)

(
ūLt

aγλuLrb

)
C[2],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa3

a6

(
λA2

)a4

a5

Y
[

p
r , s t

]
λAb

cCLµνλρG
A
L

µν (ūLs
cγρuLpa)

(
ūLt

aγλuLrb

)
C[1,1],[2]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa3

a6

(
λA2

)a4

a5

Y
[

p
r ,

s
t

]
λAb

cCLµνλρG
A
L

µν (ūLs
cγρuLpa)

(
ūLt

aγλuLrb

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩δa3

a6

(
λA2

)a4

a5

(5.576)

O(1,2)
CLGLdRdLνuR

λAb
dϵ

acdCLµνλρG
A
L

µν (dLpaCγ
ρdRsb)

(
νLrCγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a6d

(
λA2

)a5

d
λAa

dϵ
bcdCLµνλρG

A
L

µν (dLpaCγ
ρdRsb)

(
νLrCγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa5a6d

(
λA2

)a3

d
(5.577)

O(1,2)
CLGLd2

RdLēR

Y [ p r ]λAb
dϵ

acdCLµνλρG
A
L

µν
(
ēRrγ

λdRtc

)
(dLpaCγ

ρdRsb) C[2]
f3,f4,f5f6

[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a6d
(
λA2

)a5

d
Y
[

p
r

]
λAb

dϵ
acdCLµνλρG

A
L

µν
(
ēRrγ

λdRtc

)
(dLpaCγ

ρdRsb) C[1,1]
f3,f4,f5f6

[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a6d
(
λA2

)a5

d
(5.578)

O(1,2)
CLGLdLeLu2

R

Y [ s t ]λAb
dϵ

acdCLµνλρG
A
L

µν (dLpaCγ
ρuRsb)

(
eLrCγ

λuRtc

)
C[2]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a6d

(
λA2

)a5

d
Y
[

s
t

]
λAb

dϵ
acdCLµνλρG

A
L

µν (dLpaCγ
ρuRsb)

(
eLrCγ

λuRtc

)
C[1,1]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a6d

(
λA2

)a5

d
(5.579)

O(1,2)
CLGLdRd2

LēL

Y [ r s ]λAb
dϵ

acdCLµνλρG
A
L

µν
(
ēLtγ

λdLrb

)
(dLpaCγ

ρdRsc) C[2]
f3f4,f5,f6

[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d
(
λA2

)a4

d
Y
[

r
s

]
λAb

dϵ
acdCLµνλρG

A
L

µν
(
ēLtγ

λdLrb

)
(dLpaCγ

ρdRsc) C[1,1]
f3f4,f5,f6

[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d
(
λA2

)a4

d
(5.580)

O(1,2)
CLGLd2

Lν̄uR

Y [ p r ]λAb
dϵ

acdCLµνλρG
A
L

µν
(
ν̄Ltγ

λdLrb

)
(dLpaCγ

ρuRsc) C[2]
f3f4,f5,f6

[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d
(
λA2

)a4

d
Y
[

p
r

]
λAb

dϵ
acdCLµνλρG

A
L

µν
(
ν̄Ltγ

λdLrb

)
(dLpaCγ

ρuRsc) C[1,1]
f3f4,f5,f6

[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d
(
λA2

)a4

d
(5.581)

O(1,2)
CLGLd2

RνuL

Y [ p r ]λAb
dϵ

acdCLµνλρG
A
L

µν (uLpaCγ
ρdRsb)

(
νLrCγ

λdRtc

)
C[2]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a6d

(
λA2

)a5

d
Y
[

p
r

]
λAb

dϵ
acdCLµνλρG

A
L

µν (uLpaCγ
ρdRsb)

(
νLrCγ

λdRtc

)
C[1,1]

f3,f4,f5f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a6d

(
λA2

)a5

d
(5.582)

O(1,2)
CLGLdReLuRuL

λAb
dϵ

acdCLµνλρG
A
L

µν (eLpCγ
ρdRsb)

(
uLraCγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa4a6d

(
λA2

)a5

d
λAa

dϵ
bcdCLµνλρG

A
L

µν (eLpCγ
ρdRsb)

(
uLraCγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa5a6d

(
λA2

)a4

d
(5.583)

O(1,2)
CLGLdRdLν̄uL

λAb
dϵ

acdCLµνλρG
A
L

µν
(
ν̄Ltγ

λuLrb

)
(dLpaCγ

ρdRsc) Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d
(
λA2

)a4

d
λAa

dϵ
bcdCLµνλρG

A
L

µν
(
ν̄Ltγ

λuLrb

)
(dLpaCγ

ρdRsc) Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa4a5d
(
λA2

)a3

d
(5.584)

O(1,2)
CLGLdLeRuRuL

λAb
dϵ

acdCLµνλρG
A
L

µν (dLpaCγ
ρeRs)

(
uLrbCγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a6d

(
λA2

)a4

d
λAa

dϵ
bcdCLµνλρG

A
L

µν (dLpaCγ
ρeRs)

(
uLrbCγ

λuRtc

)
Cf3,f4,f5,f6 [56]⟨12⟩2⟨13⟩⟨14⟩ϵa4a6d

(
λA2

)a3

d
(5.585)

O(1,2)
CLGLdReRu2

L

Y [ s t ]λAb
dϵ

acdCLµνλρG
A
L

µν (uLpaCγ
ρdRsc)

(
uLrbCγ

λeRt

)
C[2]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d

(
λA2

)a4

d
Y
[

s
t

]
λAb

dϵ
acdCLµνλρG

A
L

µν (uLpaCγ
ρdRsc)

(
uLrbCγ

λeRt

)
C[1,1]

f3f4,f5,f6
[56]⟨12⟩2⟨13⟩⟨14⟩ϵa3a5d

(
λA2

)a4

d
(5.586)

Class CL
2ψ2ψ̄2: 72 types

OCL2ν2ν̄2 Y [ p r , s t ]CLµνλρC
µνλρ
L (ν̄LsγηνLp) (ν̄Ltγ

ηνLr) C[2],[2]
f3f4,f5f6

[56]⟨12⟩4⟨34⟩ (5.587)

OCL2eRēLν2 Y [ s t ]CLµνλρC
µνλρ
L (ēLtγ

ηνLr) (νLpCγηeRs) C[2]
f3f4,f5,f6

[56]⟨12⟩4⟨34⟩ (5.588)

OCL2ēReRνν̄ CLµνλρC
µνλρ
L (ēRpγηeRs) (ν̄Ltγ

ηνLr) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ (5.589)

OCL2ē2
Re2

R
Y [ p r , s t ]CLµνλρC

µνλρ
L (ēRpγηeRs) (ēRrγ

ηeRt) C[2],[2]
f3f4,f5f6

[56]⟨12⟩4⟨34⟩ (5.590)
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OCL2eLēLνν̄ CLµνλρC
µνλρ
L (ēLsγηeLp) (ν̄Ltγ

ηνLr) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ (5.591)

OCL2ēReLν̄2 Y [ s t ]CLµνλρC
µνλρ
L (ν̄Ltγ

ηeLr) (ēRpγηCν̄Ls) C[2]
f3,f4,f5f6

[56]⟨12⟩4⟨34⟩ (5.592)

OCL2ēReReLēL CLµνλρC
µνλρ
L (ēLtγ

ηeLr) (ēRpγηeRs) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ (5.593)

OCL2e2
Lē2

L
Y [ p r , s t ]CLµνλρC

µνλρ
L (ēLsγηeLp) (ēLtγ

ηeLr) C[2],[2]
f3f4,f5f6

[56]⟨12⟩4⟨34⟩ (5.594)

OCL2dRd̄Lν2 Y [ s t ]CLµνλρC
µνλρ
L

(
d̄Lt

aγηνLr

)
(νLpCγηdRsa) C[2]

f3f4,f5,f6
[56]⟨12⟩4⟨34⟩δa5

a6

(5.595)
OCL2ν2uRūL Y [ s t ]CLµνλρC

µνλρ
L (ūLt

aγηνLr) (νLpCγηuRsa) C[2]
f3f4,f5,f6

[56]⟨12⟩4⟨34⟩δa5
a6

(5.596)
OCL2dRēRνūL CLµνλρC

µνλρ
L (ēRpγηdRsa) (ūLt

aγηνLr) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5
a6

(5.597)

OCL2d̄LeLνuR
CLµνλρC

µνλρ
L

(
d̄Ls

aγηeLp

)
(νLrCγ

ηuRta) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa6
a5 (5.598)

OCL2dRd̄LēReL
CLµνλρC

µνλρ
L (ēRpγηdRsa)

(
d̄Lt

aγηeLr

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5

a6 (5.599)

OCL2ēReLuRūL CLµνλρC
µνλρ
L (ūLt

aγηeLr) (ēRpγηuRsa) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5
a6

(5.600)

OCL2d̄RdRνν̄ CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsa

)
(ν̄Ltγ

ηνLr) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5
a3 (5.601)

OCL2d̄ReRνuR
CLµνλρC

µνλρ
L

(
d̄R

a
pγηeRs

)
(νLrCγ

ηuRta) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa6
a3 (5.602)

OCL2d̄RdRēReR
CLµνλρC

µνλρ
L

(
d̄R

a
pγηdRsa

)
(ēRrγ

ηeRt) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5
a3 (5.603)

OCL2d̄RdReLēL
CLµνλρC

µνλρ
L

(
d̄R

a
pγηdRsa

)
(ēLtγ

ηeLr) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5
a3 (5.604)

OCL2d̄ReLν̄uR
CLµνλρC

µνλρ
L (ν̄Ltγ

ηeLr)
(
d̄R

a
pγηuRsa

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5

a3 (5.605)

OCL2dLd̄Lνν̄ CLµνλρC
µνλρ
L

(
d̄Ls

aγηdLpa

)
(ν̄Ltγ

ηνLr) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa3
a5 (5.606)

OCL2dLēLνūL CLµνλρC
µνλρ
L (ēLsγηdLpa) (ūLt

aγηνLr) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa3
a6

(5.607)

OCL2dLd̄LēReR
CLµνλρC

µνλρ
L

(
d̄Ls

aγηdLpa

)
(ēRrγ

ηeRt) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa3
a5 (5.608)

OCL2dLēRν̄ūL CLµνλρC
µνλρ
L (ūLs

aγηdLpa) (ēRrγ
ηCν̄Lt) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa3

a5
(5.609)

OCL2dLd̄LeLēL
CLµνλρC

µνλρ
L

(
d̄Ls

aγηdLpa

)
(ēLtγ

ηeLr) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa3
a5 (5.610)

OCL2d̄RdLν̄2 Y [ s t ]CLµνλρC
µνλρ
L (ν̄Ltγ

ηdLra)
(
d̄R

a
pγηCν̄Ls

)
C[2]

f3,f4,f5f6
[56]⟨12⟩4⟨34⟩δa4

a3

(5.611)
OCL2d̄RdLeRēL

CLµνλρC
µνλρ
L (ēLtγ

ηdLra)
(
d̄R

a
pγηeRs

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa4

a3 (5.612)

OCL2dRēLνūR CLµνλρC
µνλρ
L

(
ūR

a
pγηdRsa

)
(ēLtγ

ηνLr) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5
a3 (5.613)

OCL2νν̄ūRuR CLµνλρC
µνλρ
L (ν̄Ltγ

ηνLr)
(
ūR

a
pγηuRsa

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5

a3 (5.614)

OCL2dRēRν̄ūR CLµνλρC
µνλρ
L (ēRpγηdRsa) (ūR

a
rγ

ηCν̄Lt) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5
a4

(5.615)

OCL2ēReRūRuR CLµνλρC
µνλρ
L (ēRpγηeRs) (ūR

a
rγ

ηuRta) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa6
a4

(5.616)

OCL2eLēLūRuR CLµνλρC
µνλρ
L (ēLsγηeLp) (ūR

a
rγ

ηuRta) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa6
a4

(5.617)

OCL2dLēLν̄ūR CLµνλρC
µνλρ
L (ēLsγηdLpa) (ūR

a
rγ

ηCν̄Lt) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa3
a4

(5.618)

OCL2d̄LeRνuL
CLµνλρC

µνλρ
L

(
d̄Ls

aγηuLpa

)
(νLrCγ

ηeRt) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa3
a5 (5.619)
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OCL2νν̄uLūL CLµνλρC
µνλρ
L (ν̄Ltγ

ηνLr) (ūLs
aγηuLpa) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa3

a5
(5.620)

OCL2ēReRuLūL CLµνλρC
µνλρ
L (ēRpγηeRs) (ūLt

aγηuLra) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa4
a6

(5.621)

OCL2d̄LeLν̄uL
CLµνλρC

µνλρ
L

(
d̄Ls

aγηeLp

)
(ν̄Ltγ

ηuLra) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa4
a5 (5.622)

OCL2eLēLuLūL CLµνλρC
µνλρ
L (ēLsγηeLp) (ūLt

aγηuLra) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa4
a6

(5.623)

OCL2d̄ReRν̄uL
CLµνλρC

µνλρ
L

(
d̄R

a
pγηeRs

)
(ν̄Ltγ

ηuLra) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa4
a3 (5.624)

OCL2ν̄2ūRuL Y [ s t ]CLµνλρC
µνλρ
L (ν̄Ltγ

ηuLra)
(
ūR

a
pγηCν̄Ls

)
C[2]

f3,f4,f5f6
[56]⟨12⟩4⟨34⟩δa4

a3

(5.625)
OCL2eRēLūRuL CLµνλρC

µνλρ
L

(
ūR

a
pγηeRs

)
(ēLtγ

ηuLra) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa4
a3 (5.626)

OCL2d̄Rd̄LνūL
ϵabcCLµνλρC

µνλρ
L (ūLt

cγηνLr)
(
d̄R

a
pγηCd̄Ls

b
)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ϵa3a5a6

(5.627)
OCL2d̄RēRū2

L
Y
[

s
t

]
ϵabcCLµνλρC

µνλρ
L

(
d̄R

a
pγηCūLs

b
)
(ēRrγ

ηCūLt
c) C[1,1]

f3,f4,f5f6
[56]⟨12⟩4⟨34⟩ϵa3a5a6

(5.628)
OCL2d̄Rd̄2

LeL
Y
[

r
s

]
ϵabcCLµνλρC

µνλρ
L

(
d̄Lt

cγηeLr

) (
d̄R

a
pγηCd̄Ls

b
)
C[1,1]

f3,f4,f5f6
[56]⟨12⟩4⟨34⟩ϵa3a5a6

(5.629)
OCL2d̄2

Rd̄LeR
Y
[

p
r

]
ϵabcCLµνλρC

µνλρ
L

(
d̄R

b
rγ

ηeRt

) (
d̄R

a
pγηCd̄Ls

c
)
C[1,1]

f3f4,f5,f6
[56]⟨12⟩4⟨34⟩ϵa3a4a5

(5.630)
OCL2d̄2

Rν̄ūL
Y
[

p
r

]
ϵabcCLµνλρC

µνλρ
L

(
d̄R

a
pγηCūLs

c
) (
d̄R

b
rγ

ηCν̄Lt

)
C[1,1]

f3f4,f5,f6
[56]⟨12⟩4⟨34⟩ϵa3a4a5

(5.631)
OCL2d̄2

LνūR
Y
[

p
r

]
ϵabcCLµνλρC

µνλρ
L

(
d̄Lt

cγηνLr

) (
ūR

a
pγηCd̄Ls

b
)
C[1,1]

f3,f4,f5f6
[56]⟨12⟩4⟨34⟩ϵa3a5a6

(5.632)
OCL2d̄LēRūRūL

ϵabcCLµνλρC
µνλρ
L

(
ēRpγηCd̄Ls

b
)
(ūR

a
rγ

ηCūLt
c) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ϵa4a5a6

(5.633)
OCL2d̄Rd̄Lν̄ūR

ϵabcCLµνλρC
µνλρ
L

(
d̄R

a
pγηCd̄Ls

c
) (
ūR

b
rγ

ηCν̄Lt

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ϵa3a4a5

(5.634)
OCL2d̄RēLūRūL

ϵabcCLµνλρC
µνλρ
L

(
d̄R

a
pγηCēLs

) (
ūR

b
rγ

ηCūLt
c
)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ϵa3a4a6

(5.635)
OCL2d̄LēLū2

R
Y
[

s
t

]
ϵabcCLµνλρC

µνλρ
L

(
ūR

a
pγηCd̄Ls

c
) (
ūR

b
rγ

ηCēLt

)
C[1,1]

f3f4,f5,f6
[56]⟨12⟩4⟨34⟩ϵa3a4a5

(5.636)

O(1,2)
CL2d̄2

Rd2
R

Y [ p r , s t ]CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsa

) (
d̄R

b
rγ

ηdRtb

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δa5

a3δ
a6
a4

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L

(
d̄R

a
pγηdRsa

) (
d̄R

b
rγ

ηdRtb

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δa5

a3δ
a6
a4

(5.637)

O(1,2)
CL2d̄RdRdLd̄L

CLµνλρC
µνλρ
L

(
d̄Lt

bγηdLrb

) (
d̄R

a
pγηdRsa

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5

a3δ
a4
a6

CLµνλρC
µνλρ
L

(
d̄Lt

cγηdLra

) (
d̄R

a
pγηdRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa4

a3δ
a5
a6

(5.638)

O(1,2)
CL2d̄RdLuRūL

CLµνλρC
µνλρ
L

(
ūLt

bγηdLrb

) (
d̄R

a
pγηuRsa

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5

a3δ
a4
a6

CLµνλρC
µνλρ
L (ūLt

cγηdLra)
(
d̄R

a
pγηuRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa4

a3δ
a5
a6

(5.639)
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O(1,2)
CL2d2

Ld̄2
L

Y [ p r , s t ]CLµνλρC
µνλρ
L

(
d̄Ls

aγηdLpa

) (
d̄Lt

bγηdLrb

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δa3

a5δ
a4
a6

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L

(
d̄Ls

aγηdLpa

) (
d̄Lt

bγηdLrb

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δa3

a5δ
a4
a6

(5.640)

O(1,2)
CL2d̄RdRūRuR

CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsa

) (
ūR

b
rγ

ηuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5

a3δ
a6
a4

CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsb

) (
ūR

b
rγ

ηuRta

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa6

a3δ
a5
a4

(5.641)

O(1,2)
CL2dLd̄LūRuR

CLµνλρC
µνλρ
L

(
d̄Ls

cγηdLpa

)
(ūR

a
rγ

ηuRtc) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa3
a4δ

a6
a5

CLµνλρC
µνλρ
L

(
d̄Ls

aγηdLpa

) (
ūR

b
rγ

ηuRtb

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa3

a5δ
a6
a4

(5.642)

O(1,2)
CL2ū2

Ru2
R

Y [ p r , s t ]CLµνλρC
µνλρ
L

(
ūR

a
pγηuRsa

) (
ūR

b
rγ

ηuRtb

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δa5

a3δ
a6
a4

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L

(
ūR

a
pγηuRsa

) (
ūR

b
rγ

ηuRtb

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δa5

a3δ
a6
a4

(5.643)

O(1,2)
CL2d̄RdRuLūL

CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsa

) (
ūLt

bγηuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5

a3δ
a4
a6

CLµνλρC
µνλρ
L

(
d̄R

a
pγηdRsc

)
(ūLt

cγηuLra) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa4
a3δ

a5
a6

(5.644)

O(1,2)
CL2dLd̄LuLūL

CLµνλρC
µνλρ
L

(
d̄Ls

aγηdLpa

) (
ūLt

bγηuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa3

a5δ
a4
a6

CLµνλρC
µνλρ
L

(
d̄Ls

bγηdLpa

)
(ūLt

aγηuLrb) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa3
a6δ

a4
a5

(5.645)

O(1,2)
CL2dRd̄LūRuL

CLµνλρC
µνλρ
L

(
ūR

a
pγηdRsa

) (
d̄Lt

bγηuLrb

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5

a3δ
a4
a6

CLµνλρC
µνλρ
L

(
ūR

a
pγηdRsc

) (
d̄Lt

cγηuLra

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa4

a3δ
a5
a6

(5.646)

O(1,2)
CL2ūRuRuLūL

CLµνλρC
µνλρ
L

(
ūLt

bγηuLrb

) (
ūR

a
pγηuRsa

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa5

a3δ
a4
a6

CLµνλρC
µνλρ
L (ūLt

cγηuLra)
(
ūR

a
pγηuRsc

)
Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩δa4

a3δ
a5
a6

(5.647)

O(1,2)
CL2u2

Lū2
L

Y [ p r , s t ]CLµνλρC
µνλρ
L (ūLs

aγηuLpa)
(
ūLt

bγηuLrb

)
C[2],[2]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δa3

a5δ
a4
a6

Y
[

p
r ,

s
t

]
CLµνλρC

µνλρ
L (ūLs

aγηuLpa)
(
ūLt

bγηuLrb

)
C[1,1],[1,1]

f3f4,f5f6
[56]⟨12⟩4⟨34⟩δa3

a5δ
a4
a6

(5.648)
OCL2dRdLνuR ϵabcCLµνλρC

µνλρ
L (dLpaCγηdRsb) (νLrCγ

ηuRtc) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ϵa3a5a6

(5.649)
OCL2d2

RdLēR
Y
[

p
r

]
ϵabcCLµνλρC

µνλρ
L (ēRrγ

ηdRtc) (dLpaCγηdRsb) C[1,1]
f3,f4,f5f6

[56]⟨12⟩4⟨34⟩ϵa3a5a6

(5.650)
OCL2dLeLu2

R
Y
[

s
t

]
ϵabcCLµνλρC

µνλρ
L (dLpaCγηuRsb) (eLrCγ

ηuRtc) C[1,1]
f3,f4,f5f6

[56]⟨12⟩4⟨34⟩ϵa3a5a6

(5.651)
OCL2dRd2

LēL
Y
[

r
s

]
ϵabcCLµνλρC

µνλρ
L (ēLtγ

ηdLrb) (dLpaCγηdRsc) C[1,1]
f3f4,f5,f6

[56]⟨12⟩4⟨34⟩ϵa3a4a5

(5.652)
OCL2d2

Lν̄uR
Y
[

p
r

]
ϵabcCLµνλρC

µνλρ
L (ν̄Ltγ

ηdLrb) (dLpaCγηuRsc) C[1,1]
f3f4,f5,f6

[56]⟨12⟩4⟨34⟩ϵa3a4a5

(5.653)
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OCL2d2
RνuL

Y
[

p
r

]
ϵabcCLµνλρC

µνλρ
L (uLpaCγηdRsb) (νLrCγ

ηdRtc) C[1,1]
f3,f4,f5f6

[56]⟨12⟩4⟨34⟩ϵa3a5a6

(5.654)
OCL2dReLuRuL ϵabcCLµνλρC

µνλρ
L (eLpCγηdRsb) (uLraCγ

ηuRtc) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ϵa4a5a6

(5.655)
OCL2dRdLν̄uL ϵabcCLµνλρC

µνλρ
L (ν̄Ltγ

ηuLrb) (dLpaCγηdRsc) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ϵa3a4a5

(5.656)
OCL2dLeRuRuL ϵabcCLµνλρC

µνλρ
L (dLpaCγηeRs) (uLrbCγ

ηuRtc) Cf3,f4,f5,f6 [56]⟨12⟩4⟨34⟩ϵa3a4a6

(5.657)
OCL2dReRu2

L
Y
[

s
t

]
ϵabcCLµνλρC

µνλρ
L (uLpaCγηdRsc) (uLrbCγ

ηeRt) C[1,1]
f3f4,f5,f6

[56]⟨12⟩4⟨34⟩ϵa3a4a5

(5.658)

Class CR
2ψ4: 18 types

OCR2ν4 Y
[

p r
s t

]
CRµνλρC

µνλρ
R νLpCνLrνLsCνLt C[2,2]

f1f2f3f4
[56]4⟨12⟩⟨34⟩ (5.659)

O(1,2)
CR2ēReLν2

Y [ s t ] (ēRpeLr)CRµνλρC
µνλρ
R νLsCνLt C[2]

f1,f2,f3f4
[56]4⟨12⟩⟨34⟩

Y
[

s
t

]
CRµνλρC

µνλρ
R (ēRpσηξeLr)

(
νLsCσ

ηξνLt

)
C[1,1]

f1,f2,f3f4
[56]4⟨13⟩⟨24⟩

(5.660)

O(1,2)
CR2ē2

Re2
L

Y [ p r , s t ]CRµνλρC
µνλρ
R eLsCeLtēRpCēRr C[2],[2]

f1f2,f3f4
[56]4⟨12⟩⟨34⟩

Y
[

p
r ,

s
t

]
CRµνλρC

µνλρ
R (ēRpσηξCēRr)

(
eLsCσ

ηξeLt

)
C[1,1],[1,1]

f1f2,f3f4
[56]4⟨13⟩⟨24⟩

(5.661)
OCR2d̄3

ReL
Y
[

p r
s

] (
d̄R

c
seLt

)
ϵabcCRµνλρC

µνλρ
R d̄R

a
pCd̄R

b
r C[2,1]

f1f2f3,f4
[56]4⟨13⟩⟨24⟩ϵa1a2a3

(5.662)

O(1,2)
CR2d̄2

RνūR

Y [ p r ] ϵabcCRµνλρC
µνλρ
R

(
d̄R

a
pσηξCd̄R

b
r

) (
ūR

c
sσ

ηξνLt

)
C[2]

f1f2,f3,f4
[56]4⟨13⟩⟨24⟩ϵa1a2a3

Y
[

p
r

]
(ūR

c
sνLt) ϵabcCRµνλρC

µνλρ
R d̄R

a
pCd̄R

b
r C[1,1]

f1f2,f3,f4
[56]4⟨12⟩⟨34⟩ϵa1a2a3

(5.663)

O(1,2)
CR2d̄RēRū2

R

Y [ s t ] ϵabcCRµνλρC
µνλρ
R

(
d̄R

a
pσηξCēRr

) (
ūR

b
sσ

ηξCūR
c
t

)
C[2]

f1,f2,f3f4
[56]4⟨13⟩⟨24⟩ϵa1a3a4

Y
[

s
t

]
ϵabcCRµνλρC

µνλρ
R d̄R

a
pCēRrūR

b
sCūR

c
t C[1,1]

f1,f2,f3f4
[56]4⟨12⟩⟨34⟩ϵa1a3a4

(5.664)

O(1,2)
CR2d̄RdLν2

Y [ s t ]
(
d̄R

a
pdLra

)
CRµνλρC

µνλρ
R νLsCνLt C[2]

f1,f2,f3f4
[56]4⟨12⟩⟨34⟩δa2

a1

Y
[

s
t

]
CRµνλρC

µνλρ
R

(
d̄R

a
pσηξdLra

) (
νLsCσ

ηξνLt

)
C[1,1]

f1,f2,f3f4
[56]4⟨13⟩⟨24⟩δa2

a1

(5.665)

O(1,2)
CR2d̄RdLēReL

(
d̄R

a
pdLra

)
(ēRseLt)CRµνλρC

µνλρ
R Cf1,f2,f3,f4 [56]4⟨12⟩⟨34⟩δa2

a1

CRµνλρC
µνλρ
R

(
d̄R

a
pσηξdLra

) (
ēRsσ

ηξeLt

)
Cf1,f2,f3,f4 [56]4⟨13⟩⟨24⟩δa2

a1

(5.666)

O(1,2)
CR2dLēRνūR

(ēRrdLpa) (ūR
a
sνLt)CRµνλρC

µνλρ
R Cf1,f2,f3,f4 [56]4⟨12⟩⟨34⟩δa1

a3

CRµνλρC
µνλρ
R (ēRrσηξdLpa)

(
ūR

a
sσ

ηξνLt

)
Cf1,f2,f3,f4 [56]4⟨13⟩⟨24⟩δa1

a3

(5.667)

O(1,2)
CR2d̄ReLνuL

(
d̄R

a
peLr

)
CRµνλρC

µνλρ
R uLsaCνLt Cf1,f2,f3,f4 [56]4⟨12⟩⟨34⟩δa3

a1

CRµνλρC
µνλρ
R

(
d̄R

a
pσηξeLr

) (
uLsaCσ

ηξνLt

)
Cf1,f2,f3,f4 [56]4⟨13⟩⟨24⟩δa3

a1

(5.668)
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O(1,2)
CR2ν2ūRuL

Y [ s t ]
(
ūR

a
puLra

)
CRµνλρC

µνλρ
R νLsCνLt C[2]

f1,f2,f3f4
[56]4⟨12⟩⟨34⟩δa2

a1

Y
[

s
t

]
CRµνλρC

µνλρ
R

(
ūR

a
pσηξuLra

) (
νLsCσ

ηξνLt

)
C[1,1]

f1,f2,f3f4
[56]4⟨13⟩⟨24⟩δa2

a1

(5.669)

O(1,2)
CR2ēReLūRuL

(ēRpeLr) (ūR
a
suLta)CRµνλρC

µνλρ
R Cf1,f2,f3,f4 [56]4⟨12⟩⟨34⟩δa4

a3

CRµνλρC
µνλρ
R (ēRpσηξeLr)

(
ūR

a
sσ

ηξuLta

)
Cf1,f2,f3,f4 [56]4⟨13⟩⟨24⟩δa4

a3

(5.670)

O(1∼4)
CR2d̄2

Rd2
L

Y [ p r , s t ]CRµνλρC
µνλρ
R dLsaCdLtbd̄R

a
pCd̄R

b
r C[2],[2]

f1f2,f3f4
[56]4⟨12⟩⟨34⟩δa3

a1δ
a4
a2

Y [ p r , s t ]CRµνλρC
µνλρ
R

(
d̄R

a
pσηξCd̄R

b
r

) (
dLsaCσ

ηξdLtb

)
C[2],[2]

f1f2,f3f4
[56]4⟨13⟩⟨24⟩δa3

a1δ
a4
a2

Y
[

p
r ,

s
t

]
CRµνλρC

µνλρ
R dLsaCdLtbd̄R

a
pCd̄R

b
r C[1,1],[1,1]

f1f2,f3f4
[56]4⟨12⟩⟨34⟩δa3

a1δ
a4
a2

Y
[

p
r ,

s
t

]
CRµνλρC

µνλρ
R

(
d̄R

a
pσηξCd̄R

b
r

) (
dLsaCσ

ηξdLtb

)
C[1,1],[1,1]

f1f2,f3f4
[56]4⟨13⟩⟨24⟩δa3

a1δ
a4
a2

(5.671)

O(1∼4)
CR2d̄RdLūRuL

(
d̄R

a
pdLra

)
(ūR

c
suLtc)CRµνλρC

µνλρ
R Cf1,f2,f3,f4 [56]4⟨12⟩⟨34⟩δa2

a1δ
a4
a3

CRµνλρC
µνλρ
R

(
d̄R

a
pσηξdLra

) (
ūR

c
sσ

ηξuLtc

)
Cf1,f2,f3,f4 [56]4⟨13⟩⟨24⟩δa2

a1δ
a4
a3(

d̄R
a
pdLrb

) (
ūR

b
suLta

)
CRµνλρC

µνλρ
R Cf1,f2,f3,f4 [56]4⟨12⟩⟨34⟩δa4

a1δ
a2
a3

CRµνλρC
µνλρ
R

(
d̄R

a
pσηξdLrb

) (
ūR

b
sσ

ηξuLta

)
Cf1,f2,f3,f4 [56]4⟨13⟩⟨24⟩δa4

a1δ
a2
a3

(5.672)

O(1∼4)
CR2ū2

Ru2
L

Y [ p r , s t ]CRµνλρC
µνλρ
R ūR

a
pCūR

b
ruLsaCuLtb C[2],[2]

f1f2,f3f4
[56]4⟨12⟩⟨34⟩δa3

a1δ
a4
a2

Y [ p r , s t ]CRµνλρC
µνλρ
R

(
ūR

a
pσηξCūR

b
r

) (
uLsaCσ

ηξuLtb

)
C[2],[2]

f1f2,f3f4
[56]4⟨13⟩⟨24⟩δa3

a1δ
a4
a2

Y
[

p
r ,

s
t

]
CRµνλρC

µνλρ
R ūR

a
pCūR

b
ruLsaCuLtb C[1,1],[1,1]

f1f2,f3f4
[56]4⟨12⟩⟨34⟩δa3

a1δ
a4
a2

Y
[

p
r ,

s
t

]
CRµνλρC

µνλρ
R

(
ūR

a
pσηξCūR

b
r

) (
uLsaCσ

ηξuLtb

)
C[1,1],[1,1]

f1f2,f3f4
[56]4⟨13⟩⟨24⟩δa3

a1δ
a4
a2

(5.673)
OCR2d3

LēR
Y
[

p r
s

]
(ēRtdLsc) ϵabcCRµνλρC

µνλρ
R dLpaCdLrb C[2,1]

f1f2f3,f4
[56]4⟨13⟩⟨24⟩ϵa1a2a3

(5.674)

O(1,2)
CR2d2

LνuL

Y [ p r ] ϵabcCRµνλρC
µνλρ
R (dLpaCσηξdLrb)

(
uLscCσ

ηξνLt

)
C[2]

f1f2,f3,f4
[56]4⟨13⟩⟨24⟩ϵa1a2a3

Y
[

p
r

]
ϵabcCRµνλρC

µνλρ
R dLpaCdLrbuLscCνLt C[1,1]

f1f2,f3,f4
[56]4⟨12⟩⟨34⟩ϵa1a2a3

(5.675)

O(1,2)
CR2dLeLu2

L

Y [ s t ] ϵabcCRµνλρC
µνλρ
R (dLpaCσηξeLr)

(
uLsbCσ

ηξuLtc

)
C[2]

f1,f2,f3f4
[56]4⟨13⟩⟨24⟩ϵa1a3a4

Y
[

s
t

]
ϵabcCRµνλρC

µνλρ
R dLpaCeLruLsbCuLtc C[1,1]

f1,f2,f3f4
[56]4⟨12⟩⟨34⟩ϵa1a3a4

(5.676)

6 Conclusion

In this study, we step-by-step build the amplitude-operator correspondence for spin-2
particles and fields. We first demonstrate that the Ricci tensor and Ricci scalar components
of the Riemann Tensor can always be dropped by field redefinition in the basis construction.
Thus the only component that should be retained in the Lagrangian is the Weyl tensor Cµνρσ.
Second, we prove with Bianchi identity that both D2Cµνρσ and DµCµνρσ are functional of
Ricci tensor and scalar, thus both of the term can be set to zero in finding operator basis
at a given dimension, which corresponds to setting EOM of Weyl tensor to zero and put
the graviton in the amplitude on-shell. Finally, we illustrate that in the spinor notation,
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only the single particle module for the building block DnCL/R with totally symmetrized
spinor indices need to be retained. Because any anti-symmetrized spinor indices would
yield D2Cµνρσ, DµCµνρσ or [Dµ, Dν ] and can be set to zero according to the proceeding
argument. This is exactly the same as the amplitude-operator correspondence for the fields
with helicity |h| ≤ 1. Therefore, we can use the Young tensor method to construct the
complete and independent operator basis for the gravity EFTs.

One difference compared with our previous work is that, when obtaining the operator
m-basis, to avoid the time-consuming process for simplifying the chain of σ matrices, we
directly construct over-complete Lorentz structures for an operator type by exhausting
all the different contractions between Lorentz indices. By mapping candidates of these
operators to the corresponding on-shell amplitudes, one can obtain the coordinates on
the y-basis amplitudes, which helps us to select an independent set of monomial Lorentz
structures as the m-basis.

Using this updated algorithm, we obtain the complete and independent on-shell Lorentz
structures and amplitudes for the gravity EFTs involving (Goldstone) scalar, gauge boson
in Yang-Mills theory, and spin-1/2 fermions. Finally, taking the gauge and flavor structures
into account, the GRSMEFT and GRLEFT operator/amplitude basis are obtained up to
mass dimension 10.
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Note added. During the preparation of this work, ref. [44] appeared, which implements
our algorithm for enumeration of the SMEFT operators up to dimension-12 and GRSMEFT
up to dimension-11. However, in their work, they express the operators in terms of the
fields with purely spinor indices for the Lorentz group, and with purely fundamental indices
for the gauge group, basically the y-basis in our notation. In contrast, in our work, we
convert the y-basis operator into the form of m-basis, where the field strength tensor
and Weyl tensors are written in terms of ordinary four-component Lorentz indices, and
the corresponding gauge indices are expressed in a more commonly used notation. This
conversion is a non-trivial task and is one of our new updates to our previous algorithm. In
addition, we also provide the independent amplitudes for each operator type in the bracket
notation.
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