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1 Introduction

The Standard Model (SM) is an important achievement of human understanding of the
micro-world, which has been examined at various high energy experiments with very
high precision. Since that, more and more attention has been drawn to search for new
physics beyond the SM but not find any new resonances yet. In this case, effective field
theory (EFT) providing a systematical framework to parameterize various new physics
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and describing physical systems below the scale of the new physics, has witnessed great
progress in recent years. The first and famous achievement of the EFT is the Fermi theory.
Nowadays, with only the SM degree of freedom included, the standard model effective field
theory (SMEFT) [1–9] provides an EFT framework above the electroweak scale while all
SM particles remain massless. The SMEFT contains all the SM fields to construct the
effective Lagrangians and respects the SM gauge symmetry SU(3)C × SU(2)W × U(1)Y .
After integrating out the massive gauge bosons W±, Z, the top quark t and the Higgs
boson h, the low energy effective field theory (LEFT) [10–13] describes all possible physics
below the electroweak scale, regarding to the gauge symmetry SU(3)C ×U(1)EM.

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

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

To avoid over-counting or miscounting of operators, it’s important to work with a
complete and independent basis of operators. The traditional method to list the independent
operator basis is to consider all possible operators, then to restrict them with equation of mo-
tion (EOM), Fierz identities, and integration by parts (IBP) repeatedly, but the complexity of
this method increases exponentially when it comes to higher dimensions. Compared with the
traditional method, our method to obtain the complete bases automatically generate the inde-
pendent structures [5, 7, 12], without the need of EOM and IBP relations. Furthermore, since
spin ≤ 1

2 massive particles do not affect the amplitude-operator correspondence which we
used in the massless cases, the method can still be applied in both the νSMEFT and νLEFT.

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

In this paper the operator bases in νSMEFT and νLEFT at dimension 5 to 9 are
written explicitly as the key results. In νSMEFT, at dimension 5, the only violation pattern
of operators involving sterile neutrinos N is (∆B,∆L) = (0,±2), while there are (0,±4),
(±1,±1) at dimension 6 and (0,±2), (±1,∓1) at dimension 7. The violation patterns at
dimension 8 are the same as that at dimension 6, and there are additional (0,±6), (±1,±3)
at dimension 9 compared to violation patterns at dimension 7. In νLEFT, the only violation
pattern of operators involving sterile neutrinos N is (∆B,∆L) = (0,±2) at dimension 5,
and violation patterns at dimension 6, 7, 8 are the same, which are (0,±2), (0,±4), (±1,±1),
(±1,∓1). There are additional (0,±6), (±1,±3), (±1,∓3) at dimension 9 compared to
violation patterns at dimension 6, 7, 8. Table 3–5 contain the useful statistics of operators
in νSMEFT and table 6–7 give the statistics for νLEFT.

This paper is organized as follows. Section 2 first briefly reviews the massive spinor
helicity amplitudes and amplitude-operator correspondence, then discusses our notations
to construct operators, especially similarities and differences between Dirac neutrinos
and Majorana neutrinos. Section 3 introduces the method of obtaining operator bases.
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Independent Lorentz and gauge structures can be determined by Young tableaux, and
flavor specified operators are obtained after inner product decomposition. Section 4 and
section 5 list high dimension operators involving right-handed neutrinos up to dimension 9
in νSMEFT and νLEFT respectively. Section 6 is our conclusion.

2 Operators in spinor-helicity formalism

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

2.1 Spinor helicity amplitudes

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

pαα̇ = pµσ
µ
αα̇ =

(
E + p3 p1 − ip2
p1 + ip2 E − p3

)
= λIαλ̃α̇I , pµ = 1

2 λ̃Iα̇σ̄
α̇α
µ λIα, (2.1)

where α, α̇ are the SU(2)L×SU(2)R Lorentz indices, I denotes the SU(2) little group indices
for massive particles, which can be omitted for massless particles. The Lorentz invariant
brackets of the SU(2)L × SU(2)R group are defined as

〈iIjJ〉 := λIαi λ
J
jα = λIiαε

βαλJjβ = −〈jJ iI〉, [iIjJ ] := λ̃Iiα̇λ̃
Jα̇
j = λ̃Iiα̇ε

α̇β̇λ̃J
jβ̇

= −[jJ iI ].
(2.2)

Here the 2-index Levi-Civita symbols are used to raise and lower the indices, defined as

ε12 =−ε21 = ε21 =−ε12 = 1, λαI = εαβλIβ , λαI = εIJλ
J
α, λ̃α̇I = εα̇β̇λ̃I

β̇
, λ̃α̇I = εIJ λ̃

J
α̇.

(2.3)
λIαλJα =−mεIJ , λ̃Iα̇λ̃

Jα̇ =mεIJ , λIαλβI =mεαβ , λ̃Iα̇λ̃β̇I =mεα̇β̇ . (2.4)

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

εµi,+ = 〈η|
ασµαα̇|i]α̇√
2〈iη〉

, εµi,− = 〈i|
ασµαα̇|η]α̇√

2[iη]
, u+ =

(
0
λ̃α̇

)
,

u− =
(
λα
0

)
, v̄+ =

(
0, λ̃α̇

)
, v̄− = (λα, 0) , (2.5)
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where η is the reference spinor parametrizing the gauge redundancy since its value does not
affect on the full amplitude. Notice that we adopt the in-coming momentum convention for
all momenta, therefore only u, v̄ appear as the in-coming fermions and anti-fermions. {±}
show the helicities of the particles. For massive fermions, the following forms are taken

uI =
(
λIα
λ̃α̇I

)
, v̄I =

(
λαI , λ̃Iα̇

)
. (2.6)

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

A(· · · , εi, pi, uj , pj , · · · ) = A(· · · , λi, λ̃i, λj , λ̃j , · · · ) (2.7)

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

helicity h massless particle with spinor variables (λ, λ̃) : A ⊃
{
λr−2h
{α} λ̃

r
{α̇}, h ≤ 0

λr{α}λ̃
r+2h
{α̇} , h ≥ 0

(2.8)

spin S massive particle with spinor variables (λI , λ̃I) : A ⊃
(
λr+2S−n
{α} λ̃r+n{α̇}

){I1···I2S}
,

0 ≤ n ≤ 2S (2.9)

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

2.2 Amplitude-operator correspondence

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

γµ =
(

0 σµαα̇
σ̄µα̇α 0

)
, Ψ =

(
ξα
χ†α̇

)
, ΨM =

(
ζα
ζ†α̇

)
, (2.10)

ΨL = 1−γ5
2 Ψ =

(
ξα
0

)
, ΨR = 1+γ5

2 Ψ =
(

0
χ†α̇

)
, (2.11)

Dµ = 1
2Dαα̇σ̄

µα̇α, FµνL = 1
4FLαβεα̇β̇σ̄

µα̇ασ̄νβ̇β , FµνR = 1
4FRα̇β̇εαβσ̄

µα̇ασ̄νβ̇β , (2.12)

where ξ, χ and ζ are left-handed Weyl fermions, Ψ and ΨM denote Dirac and Majorana
fermions respectively. FL/R = 1

2(F ∓ iF̃ ) are the chiral basis of gauge bosons which has
definite helicities for the bosons. The for the bilinear fermion fields, we take the following
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rules to obtain the on-shell amplitudes

Ψ̄1Ψ2 = Ψ̄L1ΨR2+Ψ̄R1ΨL2 → v̄I1u
J
2 =λαI1 λJ2α+λ̃I1α̇λ̃α̇J2 = 〈1I2J〉+[1I2J ],

(2.13)
Ψ̄1γ5Ψ2 = Ψ̄L1ΨR2−Ψ̄R1ΨL2 → v̄I1γ5u

J
2 = [1I2J ]−〈1I2J〉, (2.14)

Ψ̄1γ
µΨ2 = Ψ̄R1γ

µΨR2+Ψ̄L1γ
µΨL2 → v̄I1γ

µuJ2 = 〈1I |σµ|2J ]+[1I |σ̄µ|2J〉, (2.15)
Ψ̄1γ

µγ5Ψ2 = Ψ̄R1γ
µΨR2−Ψ̄L1γ

µΨL2 → v̄I1γ
µγ5u

J
2 = 〈1I |σµ|2J ]−[1I |σ̄µ|2J〉, (2.16)

FLµνO
µν = 1

4λαλβ (Oµνσν σ̄µ)αβ , FRµνO
µν = 1

4 λ̃α̇λ̃β̇ (Oµν σ̄µσν)α̇β̇ , (2.17)

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

λIi → ψi = ΨLi, Ψ̄Ri or ΨMi, λ̃Ii → ψ†i = Ψ̄Li,ΨRi or Ψ̄Mi. (2.18)

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

λIi

(
λJi λ̃iJ

)n
⇔ Dnψi, λ̃Ii

(
λJi λ̃iJ

)n
⇔ Dnψ†i , (2.19)

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

λn+2
i λ̃ni ⇔ DnFLi, λni λ̃

n+2 ⇔ DnFRi, (2.20)
λn+1
i λ̃ni ⇔ Dnψi, λni λ̃

n+1
i ⇔ Dnψ†i . (2.21)

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

2.3 Building blocks: Majorana verse Dirac neutrinos

The building blocks of νSMEFT and νLEFT are shown in tables 1 and 2 respectively.
Regarding the building blocks of νSMEFT, we choose all fields to be left-handed. For
example, we choose NCα (and its Hermitian conjugate N †α̇C ) instead of N α̇ to be the building
block. The SM neutrinos να form a SU(2)W doublet Lα along with electrons eα, while the
right-handed neutrinos are singlets of SU(2)W . Thus, we present the leptons as (chiral)
Dirac spinors in our result:

lL =
(
Lα
0

)
, NR =

(
0
N †α̇C

)
, (2.22)
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Fields SU(2)l × SU(2)r h SU(3)C SU(2)W U(1)Y Flavor B L

GALαβ (1, 0) −1 8 1 0 1 0 0
W I

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

Lαi
(

1
2 , 0
)

−1/2 1 2 −1/2 nf 0 1

NCα

(
1
2 , 0
)

−1/2 1 1 0 nf 0 −1

eCα
(

1
2 , 0
)

−1/2 1 1 1 nf 0 −1

Qαai
(

1
2 , 0
)

−1/2 3 2 1/6 nf 1/3 0

uaCα

(
1
2 , 0
)

−1/2 3 1 −2/3 nf −1/3 0

daCα

(
1
2 , 0
)

−1/2 3 1 1/3 nf −1/3 0

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

Table 1. The field content of the νSMEFT, along with their representations under the Lorentz
and gauge symmetries, where NC denote the right-handed neutrinos. 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 , which is 3 in the standard model. Their global charges,
baryon number B and lepton number L are also listed. All of the fields are accompanied with
their Hermitian conjugates that are omitted, (FLαβ)† = FRα̇β̇ for gauge bosons, (ψα)† = (ψ†)α̇ for
fermions, and H† for the Higgs, which are under the conjugate representations of all the groups.

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

GALαβ (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 nν 0 1

NCα

(
1
2 , 0
)

−1/2 1 0 nν 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

uaCα

(
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

daCα

(
1
2 , 0
)

−1/2 3 1/3 nd −1/3 0

Table 2. The field content of the νLEFT. The numbers of neutrino flavors, electron flavors, u-type
quark flavors and d-type quark flavors are denoted as nν , ne, nu and nd respectively with nν = 3,
ne = 3, nu = 2 and nd = 3 in νLEFT.
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where lL andNR are four-component chiral Dirac fields with Lα =
(
να, eα

)T
two-component

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

νL =
(
να
0

)
(2.23)

NR =
(

0
N †α̇C

)
. (2.24)

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

L ⊃ −mξ1ξ1 −mξ2ξ2 + h.c.,

(
ξ1
ξ2

)
SO(2)−−−→

(
cosφ − sinφ
sinφ cosφ

)(
ξ1
ξ2

)
. (2.25)

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

ν = ξ1 + iξ2 NC = ξ1 − iξ2, L ⊃ −mνNC + h.c. (2.26)

The SO(2) symmetry becomes an opposite phase shift for ν → eiφνL and NC → e−iφNC

that can be identified as the lepton number U(1)L.1 Therefore, from the EFT point of view,
any U(1)L violating effect could result in the breaking of the SO(2) symmetry. Since the
unbroken SO(2) allows us to combine the neutrinos into a Dirac fermion as

νD =
(
νL
NR

)
, L ⊃ −mνDνD, (2.27)

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

νM =
(
να
να̇C

)
, NM =

(
NCα

N α̇

)
, (2.28)

where να̇C = ν†α̇ and N α̇ = N †α̇C . We show the complete list of the U(1)L violating operators
in the paper, which should contain the answer. For generality, we stick to the chiral fermion
notation eq. (2.22)–(2.24) throughout the paper.

1Consider the U(1)7 phase symmetry of the field content H,Q,L, uC , dC , eC , NC in the νSMEFT, broken
by the 3 Standard Model Yukawa’s and an additional Yukawa for neutrinos HLNC down to U(1)3, one of
which gauged to be U(1)EM. The remaining two U(1)′s are conventionally divided into Baryon number
U(1)B and Lepton number U(1)L, and by definition, the neutrinos carry no Baryon numbers. Hence the
U(1) symmetry for neutrinos has to be the Lepton number U(1)L.
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3 Operator basis

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

3.1 Operator construction using Young tensor

The independent Lorentz structures of a certain class corresponding to amplitudes of N
particles containing 2n λs and 2ñ λ̃s can be presented as SU(N) semi-standard Young
tableaux (SSYTs) of a so-called primary Young diagram. The primary Young diagram is
as follows,

YN,n,ñ =

N
−

2


. . .

n︷ ︸︸ ︷
. . .

...
...

︸ ︷︷ ︸
ñ

. . .

. (3.1)

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

i
j
∼ 〈ij〉 ,

k1
k2
...
kN−3
kN−2

∼ Ek1...kN−2ij [ij]. (3.2)

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

h = 0 λrλ̃r −→
(
λJ λ̃J

)r
S = 0, n = 0

h = −1
2 λ1+rλ̃r −→ λI

(
λJ λ̃J

)r
S = 1

2 , n = 0

h = 1
2 λrλ̃1+r −→ λ̃I

(
λJ λ̃J

)r
S = 1

2 , n = 1.

(3.3)
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Therefore we treat the massive Majorana neutrino as a massless particle in our method,
finding the operator basis for a given dimension. Taking into account the amplitude-
operator correspondence introduced in eq. (2.18) to eq. (2.21), one can further translate
the amplitudes to operators as an example showed in eq. (3.10).

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

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 .

(3.4)

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

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

π ◦ O{fk,...}︸ ︷︷ ︸
permute flavor

=
(
π ◦ T {gk,...}

SU3

) (
π ◦ T {hk,...}

SU2

)
︸ ︷︷ ︸

permute gauge

(
π ◦M{fk,...}

{gk,...},{hk,...}

)
︸ ︷︷ ︸

permute Lorentz

. (3.5)

After an extra step to simplify the result while keeping track of the permutation
symmetries, which we called de-symmetrization, the final result is expressed as Y [λ]

x ◦ O(m)
i ,

where Y [λ]
x is the xth Young symmetrizer of the Sn group representation λ, and O(m)

i is a
monomial. For example,

Y [3]
1 Oprs = Y [ p r s ]Oprs = Oprs +Orps +Opsr +Orsp +Osrp +Ospr,

Y [2,1]
1 Oprs = Y

[
p r
s

]
Oprs = Oprs +Orps −Osrp −Ospr,

Y [13]
1 Oprs = Y

[
p
r
s

]
Oprs = Oprs −Orps −Opsr +Orsp −Osrp +Ospr.

(3.6)

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

pi

Cp1p2...pn (Y[λ]Op1p2...pn) =
∑
pi

(
Y−1[λ]Cp1p2...pn

)
Op1p2...pn , (3.7)
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where Y−1[λ] means taking inverse of each constituting permutation in Y [λ]. Y−1[λ]Cp1p2...pn

will project out the λ irreducible representation of Sn group in terms of the Wilson coefficient
Cp1p2...pn , and the operator is still a monomial in this case. An explicit example will be
given in section 3.2.

3.2 Procedure and example

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

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

• Type: Substituting the specific fields of νSMEFT/νLEFT into each class, the com-
bination of fields (and covariant derivatives) that can form gauge invariant is called
a type.

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

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

Let us take the operator type LN3
CHD

2 as an example. The independent Lorentz
structures are presented by the following SSYTs.

1 1 3 3
2 2 4 4
5

1 1 3 3
2 2 4 5
4

1 1 3 4
2 2 4 5
3

1 1 2 2
3 3 4 4
5

1 1 2 2
3 3 4 5
4

1 1 2 4
2 3 3 5
4

1 1 2 4
2 3 4 5
3

1 1 2 3
2 4 4 5
3

1 1 2 3
2 3 4 4
5

1 1 2 3
2 3 4 5
4

(3.8)

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

〈12〉〈34〉2 [34] −〈12〉〈34〉〈35〉 [35] 〈12〉〈34〉〈45〉 [45] −〈13〉〈24〉2 [24] 〈13〉〈24〉〈25〉 [25]
−〈13〉〈23〉〈45〉 [35] 〈13〉〈24〉〈45〉 [45] 〈14〉〈24〉〈35〉 [45] 〈13〉〈24〉〈34〉 [34] −〈13〉〈24〉〈35〉 [35].

(3.9)

Furthermore, the y-basis can be expressed as Lorentz structures of operators using the
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amplitude-operator correspondence eq. (2.18)-(2.21), and the basis vectors are

My
1 = Lα1NC2α (DNC3)βγα̇ (DNC4)α̇βγ H5,

My
2 = −Lα1NC2α (DNC3)βγα̇ NC4β (DH5)α̇γ ,

My
3 = Lα1NC2αNC3

β (DNC4)γβα̇ (DH5)α̇γ ,

My
4 = −Lα1 (DNC2)βγα̇ NC3α (DNC4)α̇βγ H5,

My
5 = Lα1 (DNC2)βγα̇ NC3αNC4β (DH5)α̇γ ,

My
6 = −Lα1NC2

β (DNC3)αβα̇NC4
γ (DH5)α̇γ ,

My
7 = Lα1NC2

βNC3α (DNC4)γβα̇ (DH5)α̇γ ,

My
8 = Lα1NC2

βNC3
γ (DNC4)αβα̇ (DH5)α̇γ ,

My
9 = Lα1NC2

β (DNC3)γαα̇ (DNC4)α̇βγ H5,

My
10 = −Lα1NC2

β (DNC3)γαα̇NC4β (DH5)α̇γ .

(3.10)

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

Mm
1 = (LpiNCr) (DµNCsD

µNC t)Hj ,

Mm
2 = (LpiNCr) (DµNCsNC t)DµHj ,

Mm
3 = (LpiNCr) (NCsDµNC t)DµHj ,

Mm
4 = (LpiNCs) (DµNCrD

µNC t)Hj ,

Mm
5 = (LpiNCs) (DµNCrNC t)DµHj ,

Mm
6 = (LpiNC t) (NCrDµNCs)DµHj ,

Mm
7 = i (LpiσµνNC t) (NCrD

µNCs)DνHj ,

Mm
8 = (LpiNCs) (NCrDµNC t)DµHj ,

Mm
9 = i (LpiσµνNCs) (NCrD

µNC t)DνHj ,

Mm
10 = i (LpiσµνNCr) (DµNCsD

νNC t)Hj .

(3.11)

After obtaining the m-basis, we can symmetrize the Lorentz structures into irreducible
representations with regards to permutation of flavor indices of the repeated fields NC ,
which form the so-called p-basis Lorentz structures (symmetric permutation basis) Mλ,ξ

x

M[3],1
1

M[3],2
1

M[2,1],1
1

M[2,1],1
2

M[2,1],2
1

M[2,1],2
2

M[2,1],3
1

M[2,1],3
2

M[13],1
1

M[13],2
1



=



0 −2
3 0 0 2

3
1
6 −

1
6 −

1
2

1
6 0

0 0 0 0 0 −1
2

1
2

1
2

1
2 0

2
3 0 0 −2

3 0 0 0 0 0 0
−2

3 −
2
3 0 2

3
2
3 −1 −1

3
2
3 0 2

3
0 0 2

3 0 0 −1
3

1
3

1
3 −

1
3 0

0 −2
3 0 0 0 −1

3 −
1
3

1
3

1
3 0

0 2
3

4
3 0 −2

3 −
1
3

1
3 −

1
3 −

1
3 0

0 −2
3 0 0 −2

3
2
3 0 2

3 0 0
2
3 −

2
3 0 4

3
2
3 −1 −1

3
2
3 0 2

3
0 −2

3 −
2
3 0 0 −1

2 −
1
6 −

1
2

1
6 0





Mm
1

Mm
2

Mm
3

Mm
4

Mm
5

Mm
6

Mm
7

Mm
8

Mm
9

Mm
10



, (3.12)
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where λ denotes the representation of the symmetric group, and x = 1, · · · , dλ. ξ is the
multiplicity of the representation. As we can see, the symmetrization procedure here
is a full-rank conversion matrix that converts m-basis vectors to p-basis vectors, which
guarantees the independence and completeness of the p-basis. Here one subtlety emerges, as
we elaborated in ref. [5], the Grassmann nature of fermions needs to be taken into account,
so the final permutation symmetry of Lorentz structure should be λT instead of λ.

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

Li ∼ i , Hj ∼ j , (3.13)

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

i
j
∼ εij = TmSU2. (3.14)

At last, the flavor structures of operators are determined by the inner-product decom-
position of the Lorentz structures and the gauge structures. We denote the operators with
certain flavor symmetries λ by O(p)

(λ,x),ξ and find that



O(p)
([13],1),1
O(p)

([13],1),2
O(p)

([2,1],1),1
O(p)

([2,1],2),1
O(p)

([2,1],1),2
O(p)

([2,1],2),2
O(p)

([2,1],1),3
O(p)

([2,1],2),3
O(p)

([3],1),1
O(p)

([3],1),2



=



0 −2
3 0 0 2

3
1
6 −

1
6 −

1
2

1
6 0

0 0 0 0 0 −1
2

1
2

1
2

1
2 0

2
3 0 0 −2

3 0 0 0 0 0 0
−2

3 −
2
3 0 2

3
2
3 −1 −1

3
2
3 0 2

3
0 0 2

3 0 0 −1
3

1
3

1
3 −

1
3 0

0 −2
3 0 0 0 −1

3 −
1
3

1
3

1
3 0

0 2
3

4
3 0 −2

3 −
1
3

1
3 −

1
3 −

1
3 0

0 −2
3 0 0 −2

3
2
3 0 2

3 0 0
2
3 −

2
3 0 4

3
2
3 −1 −1

3
2
3 0 2

3
0 −2

3 −
2
3 0 0 −1

2 −
1
6 −

1
2

1
6 0





Mm
1 T

m
SU2

Mm
2 T

m
SU2

Mm
3 T

m
SU2

Mm
4 T

m
SU2

Mm
5 T

m
SU2

Mm
6 T

m
SU2

Mm
7 T

m
SU2

Mm
8 T

m
SU2

Mm
9 T

m
SU2

Mm
10T

m
SU2



. (3.15)

It should be noted that the basis {O(p)
(λ,x),ξ} is over complete, as discussed in ref. [5] and [40],

so we only keep the x = 1 basis vector for each representations. Therefore the complete
operator basis of type LN3

CHD
2 is

{
O(p)

([13],1),1, O
(p)
([13],1),2, O

(p)
([2,1],1),1, O

(p)
([2,1],1),2, O

(p)
([2,1],1),3, O

(p)
([3],1),1, O

(p)
([3],1),2

}
. (3.16)

The p-basis obtained above is very long. To simplify the form of the result, we apply
the desymmetrization procedure [7] and express the operator basis as monomial flavor
tensors with certain flavor symmetry λ, that is, Y [λ]

x ◦ O(m)
i , called the p’-basis. In this
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example, the p’-basis is

O(p′)
([13],1),1 = Y

[
r
s
t

]
εijDµHj (LpiNCr) (DµNCsNC t) ,

O(p′)
([13],1),2 = Y

[
r
s
t

]
iεijDνHj (LpiσµνNC t) (NCrD

µNCs) ,

O(p′)
([2,1],1),1 = Y

[
r s
t

]
εijHj (LpiNCr) (DµNCsD

µNC t) ,

O(p′)
([2,1],1),2 = Y

[
r s
t

]
εijDµHj (LpiNCr) (DµNCsNC t) ,

O(p′)
([2,1],1),3 = Y

[
r s
t

]
εijDµHj (LpiNCr) (NCsDµNC t) ,

O(p′)
([3],1),1 = Y [ r s t ] εijHj (LpiNCr) (DµNCsD

µNC t) ,

O(p′)
([3],1),2 = Y [ r s t ] εijDµHj (LpiNCr) (DµNCsNC t) .

(3.17)

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

r
s
t

:
1
2
3

r s
t

: 1 1
2

1 1
3

1 2
2

1 2
3

1 3
2

1 3
3

2 2
3

2 3
3

r s t : 1 1 1 1 1 2 1 1 3 1 2 2 1 2 3 1 3 3 2 2 2 2 2 3 2 3 3 3 3 3 .
(3.18)

Thus the flavor tensor can be further written as

Cprst = C
p

r
s
t

+ C
p r s

t

+ Cp r s t . (3.19)

4 Lists of operators in νSMEFT

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

qL =
(
Q

0

)
, uR =

(
0
u†C

)
, dR =

(
0
d†C

)
, lL =

(
L

0

)
, eR =

(
0
e†C

)
, NR =

(
0
N †C

)
.

(4.1)

q̄L =
(
0 , Q†

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

(
0 , L†

)
, ēR = (eC , 0) , N̄R = (NC , 0) .

(4.2)
Since each four-component fermion is given a unique name here, for simplicity and consistency
with other references, the subscripts L and R are omitted without causing any confusion.
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Dim-5 operators
N (n, ñ) Classes Ntype Nterm Noperator Equations
3 (2, 0) FLψ

2 + h.c. 0 + 0 + 2 + 0 2 nf (nf − 1) (4.11)

4 (1, 0) ψ2φ2 + h.c. 0 + 0 + 2 + 0 2 nf (nf + 1) (4.12)

Total 4 0 + 0 + 4 + 0 4 2n2
f

Dim-6 operators
N (n, ñ) Classes Ntype Nterm Noperator Equations
4 (2, 0) ψ4 + h.c. 4 + 2 + 0 + 2 14 1

6n
2
f (49n2

f − 1) (4.24)–(4.27)

FLψ
2φ+ h.c. 4 + 0 + 0 + 0 4 4n2

f (4.28)–(4.29)

(1, 1) ψ2ψ†2 10 + 2 + 0 + 0 12 1
4n

2
f (41n2

f + 6nf + 1) (4.30)–(4.38)

ψψ†φ2D 3 + 0 + 0 + 0 3 3n2
f (4.39)–(4.40)

5 (1, 0) ψ2φ3 + h.c. 2 + 0 + 0 + 0 2 2n2
f (4.41)

Total 8 23 + 4 + 0 + 2 35 1
12n

2
f (221n2

f + 18nf + 109)

Dim-7 operators
N (n, ñ) Classes Ntype Nterm Noperator Equations
4 (3, 0) F 2

Lψ
2 + h.c. 0 + 0 + 6 + 0 6 3nf (nf + 1) (4.42)–(4.44)

(2, 1) F 2
Lψ
†2 + h.c. 0 + 0 + 6 + 0 6 3nf (nf + 1) (4.45)–(4.47)

ψ3ψ†D + h.c. 0 + 4 + 20 + 0 24 1
3n

2
f (43n2

f − 15nf + 2) (4.48)–(4.59)

FLψψ
†φD + h.c. 0 + 0 + 8 + 0 8 8n2

f (4.60)–(4.63)

ψ2φ2D2 + h.c. 0 + 0 + 4 + 0 6 4n2
f (4.64)–(4.65)

5 (2, 0) ψ4φ+ h.c. 0 + 2 + 10 + 0 24 12n4
f (4.66)–(4.71)

FLψ
2φ2 + h.c. 0 + 0 + 6 + 0 6 2nf (2nf − 1) (4.72)–(4.74)

(1, 1) ψ2ψ†2φ 0 + 4 + 22 + 0 30 n3
f (23nf + 3) (4.75)–(4.87)

ψψ†φ3D 0 + 0 + 2 + 0 4 4n2
f (4.88)

6 (1, 0) ψ2φ4 + h.c. 0 + 0 + 2 + 0 2 nf (nf + 1) (4.89)

Total 18 0 + 10 + 86 + 0 116 1
3nf (148n3

f − 6n2
f + 83nf + 15)

Table 3. The complete statistics of dimension 5, 6, 7 νSMEFT operators. N in the leftmost
column shows the number of particles. (n, ñ) are the numbers of ε and ε̃ in the Lorentz structure.
Ntype, Nterm, and Noperator show the number of types, terms and Hermitian operators respectively
(independent conjugates are counted), while the numbers under Ntype describe the sum of each
possible |∆L| types/operators with N = N (|∆L| = 0)+N (|∆L| = 1)+N (|∆L| = 2)+N (|∆L| = 4).
The links in the rightmost column refer to the list(s) of the terms in given classes.

Here, we give some conversions between four-component spinors and two-component
spinors for readers’ convenience. For four-component bilinears formed by

Ψ =
(
ξα
χ†α̇

)
, Ψ̄ = Ψ†γ0 =

(
χα, ξ†α̇

)
, (4.3)
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N (n, ñ) Classes Ntype Nterm Noperator Equations
4 (3, 1) ψ4D2 + h.c. 4 + 0 + 2 + 2 22 1

4nf (49n3
f − 6n2

f + 3nf + 2) (4.90)–(4.93)

FLψ
2φD2 + h.c. 4 + 0 + 0 + 0 8 8n2

f (4.94)–(4.95)

(2, 2) FLFRψψ
†D 3 + 0 + 0 + 0 3 3n2

f (4.96)–(4.98)

ψ2ψ†2D2 10 + 2 + 0 + 0 24 1
2n

2
f (41n2

f + 1) (4.99)–(4.107)

FRψ
2φD2 + h.c. 4 + 0 + 0 + 0 4 4n2

f (4.108)–(4.109)

ψψ†φ2D3 3 + 0 + 0 + 0 4 4n2
f (4.110)–(4.111)

5 (3, 0) FLψ
4 + h.c. 10 + 4 + 0 + 2 50 1

4nf (133n3
f + 2n2

f − nf + 2) (4.112)–(4.119)

FL
2ψ2φ+ h.c. 8 + 0 + 0 + 0 12 12n2

f (4.120)–(4.123)

(2, 1) FLψ
2ψ†2 + h.c. 42 + 12 + 0 + 0 58 1

2n
2
f (97n2

f − 1) (4.124)–(4.150)

FL
2ψ†2φ+ h.c. 8 + 0 + 0 + 0 8 8n2

f (4.151)–(4.154)

ψ3ψ†φD + h.c. 24 + 6 + 0 + 2 108 n3
f (87nf − 1) (4.155)–(4.170)

FLψψ
†φ2D + h.c. 12 + 0 + 0 + 0 16 16n2

f (4.171)–(4.176)

ψ2φ3D2 + h.c. 2 + 0 + 0 + 0 12 12n2
f (4.177)

6 (2, 0) ψ4φ2 + h.c. 8 + 2 + 0 + 2 30 5
6n

2
f (23n4

f + 1) (4.178)–(4.183)

FLψ
2φ3 + h.c. 4 + 0 + 0 + 0 6 6n2

f (4.184)–(4.185)

(1, 1) ψ2ψ†2φ2 16 + 4 + 0 + 2 28 1
4n

2
f (91n2

f + 2nf + 3) (4.186)–(4.199)

ψψ†φ4D 3 + 0 + 0 + 0 3 3n2
f (4.200)–(4.201)

7 (1, 0) ψ2φ5 + h.c. 2 + 0 + 0 + 0 2 2n2
f (4.202)

Total 31 167 + 30 + 2 + 10 398 1
12nf (2921n3

f − 18n2
f + 961nf + 12)

Table 4. The complete statistics of dimension 8 νSMEFT operators. The numbers under Ntype
describe the sum of each possible |∆L| types/operators with N = N (|∆L| = 0) + N (|∆L| =
1) +N (|∆L| = 2) +N (|∆L| = 4).

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

Ψ̄1Ψ2 = χα1 ξ2α + ξ†1α̇χ
†α̇
2 ,

Ψ̄1γ
µΨ2 = χα1σ

µ
αα̇χ

†α̇
2 + ξ†1α̇σ̄

µα̇αξ2α ,

Ψ̄1σ
µνΨ2 = χα1 (σµν)α

βξ2β + ξ†1α̇ (σ̄µν)α̇ β̇χ
†β̇
2 ,

ΨT
1 CΨ2 = ξα1 ξ2α + χ†1α̇χ

†α̇
2 ,

ΨT
1 Cγ

µΨ2 = ξα1 σ
µ
αα̇χ

†α̇
2 + χ†1α̇σ̄

µα̇αξ2α ,

ΨT
1 Cσ

µνΨ2 = ξα1 (σµν)α
βξ2β + χ†1α̇ (σ̄µν)α̇ β̇χ

†β̇
2 ,

Ψ̄1CΨ̄T
2 = ξ†1α̇ξ

†α̇
2 + χα1χ2α ,

Ψ̄1γ
µCΨ̄T

2 = χα1σ
µ
αα̇ξ
†α̇
2 + ξ†1α̇σ̄

µα̇αχ2α ,

Ψ̄1σ
µνCΨ̄T

2 = ξ†1α̇ (σ̄µν)α̇ β̇ξ
†β̇
2 + χα1 (σµν)α

βχ2β ,

(4.4)
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N (n, ñ) Classes Ntype Nterm Noperator Equations
4 (4, 1) FL

2ψ2D2 + h.c. 0 + 6 + 0 + 0 12 6nf (nf + 1) (4.203)–(4.205)

(3, 2) FLFRψ
2D2 + h.c. 0 + 6 + 0 + 0 6 3nf (nf + 1) (4.206)–(4.208)

FL
2ψ†2D2 + h.c. 0 + 6 + 0 + 0 6 3nf (nf + 1) (4.209)–(4.211)

ψ3ψ†D3 + h.c. 4 + 20 + 0 + 0 46 2
3n

2
f (43n2

f − 1) (4.275)–(4.286)

FLψψ
†φD3 + h.c. 0 + 8 + 0 + 0 16 16n2

f (4.212)–(4.215)

ψ2φ2D4 + h.c. 0 + 4 + 0 + 0 8 nf (5nf + 1) (4.216)–(4.217)

5 (4, 0) FL
3ψ2 + h.c. 0 + 10 + 0 + 0 16 4nf (2nf − 1) (4.218)–(4.222)

(3, 1) FL
3ψ†2 + h.c. 0 + 4 + 0 + 0 4 2nf (nf + 1) (4.223)–(4.224)

FLψ
3ψ†D + h.c. 10 + 42 + 0 + 0 222 2

3n
2
f (212n2

f + 1) (4.287)–(4.312)

FL
2ψψ†φD + h.c. 0 + 16 + 0 + 0 32 32n2

f (4.225)–(4.232)

ψ4φD2 + h.c. 2 + 10 + 0 + 0 120 60n4
f (4.313)–(4.318)

FLψ
2φ2D2 + h.c. 0 + 8 + 0 + 0 42 2nf (14nf − 1) (4.233)–(4.236)

(2, 2) FLFR
2ψ2 + h.c. 0 + 12 + 0 + 0 12 6nf (nf − 1) (4.237)–(4.242)

FRψ
3ψ†D + h.c. 10 + 42 + 0 + 0 166 2n3

f (53nf − 5) (4.319)–(4.344)

FLFRψψ
†φD 0 + 10 + 0 + 0 24 24n2

f (4.248)–(4.252)

ψ2ψ†2φD2 4 + 22 + 0 + 0 210 n3
f (161nf − 3) (4.345)–(4.357)

FRψ
2φ2D2 + h.c. 0 + 8 + 0 + 0 24 4nf (4nf − 1) (4.243)–(4.246)

ψψ†φ3D3 0 + 2 + 0 + 0 20 20n2
f (4.247)

6 (3, 0) ψ6 + h.c. 6 + 10 + 6 + 2 130 1
72n

2
f (1921n4

f − 219n3
f − 335n2

f + 75nf − 2) (4.571)–(4.582)

FLψ
4φ+ h.c. 6 + 26 + 0 + 0 110 n3

f (53nf − 9) (4.358)–(4.373)

FL
2ψ2φ2 + h.c. 0 + 12 + 0 + 0 18 2nf (6nf + 1) (4.253)–(4.258)

(2, 1) ψ4ψ†2 + h.c. 40 + 106 + 14 + 0 474 1
12n

3
f (2455n3

f + 91n2
f − 91nf + 65) (4.491)–(4.570)

FLψ
2ψ†2φ+ h.c. 24 + 116 + 0 + 0 176 138n4

f (4.374)–(4.443)

FL
2ψ†2φ2 + h.c. 0 + 10 + 0 + 0 10 2nf (3nf + 2) (4.259)–(4.263)

ψ3ψ†φ2D + h.c. 10 + 44 + 0 + 0 268 n2
f (181n2

f − 7nf − 2) (4.444)–(4.470)

FLψψ
†φ3D + h.c. 0 + 8 + 0 + 0 32 32n2

f (4.264)–(4.267)

ψ2φ4D2 + h.c. 0 + 4 + 0 + 0 20 2nf (7nf + 1) (4.268)–(4.269)

7 (2, 0) ψ4φ3 + h.c. 2 + 12 + 0 + 0 28 4
3n

2
f (10n2

f − 1) (4.471)–(4.477)

FLψ
2φ4 + h.c. 0 + 6 + 0 + 0 6 2nf (2nf − 1) (4.270)–(4.272)

(1, 1) ψ2ψ†2φ3 4 + 22 + 0 + 0 34 2n3
f (13nf + 2) (4.478)–(4.490)

ψψ†φ5D 0 + 2 + 0 + 0 4 4n2
f (4.273)

8 (1, 0) ψ2φ6 + h.c. 0 + 2 + 0 + 0 2 nf (nf + 1) (4.274)

Total 59 122+616+20+2 2298
1
72nf (16651n5

f + 327n4
f + 64519n3

f

−1335n2
f + 17182nf + 432)

Table 5. The complete statistics of dimension 9 νSMEFT operators. The numbers under Ntype
describe the sum of each possible |∆L| types/operators with N = N (|∆L| = 1) + N (|∆L| =
2) +N (|∆L| = 3) +N (|∆L| = 6).
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where γµ =
(

0 σµ
αβ̇

σ̄µα̇β 0

)
and σµν = i

2[γµ, γν ] =
(

(σµν)α β 0
0 (σ̄µν)α̇ β̇

)
. In our notation, the

Dirac charge conjugation matrix C = iγ0γ2 =
(
εαβ 0
0 εα̇β̇

)
=
(
−εαβ 0

0 −εα̇β̇

)
= −C−1 and

the following relations are needed to compare with the literature,

Ψc = CΨT
, Ψc = −ΨTC−1 = ΨTC. (4.5)

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

εabc
(
dp
aCN s

) (
dr
bCut

c
)

= εabc (dCp
aNCs)

(
dCr

buC t
c
)
, (4.6)

iHiD
µH†i

(
NpγµNr

)
= iHiD

µH†i
(
NCpσµN

†
Cr

)
, (4.7)

iBL
µν
(
NpσµνCN r

)
= iBL

µν (NCpσµνNCr) . (4.8)

The Hermitian conjugates of the fermion chains are[
Ψ̄1Ψ2

]†
= Ψ̄2Ψ1,

[
Ψ̄1γ

µΨ2
]†

= Ψ̄2γ
µΨ1,

[
Ψ̄1σ

µνΨ2
]†

= Ψ̄2σ
µνΨ1, (4.9)

[Ψ1CΨ2]† = Ψ̄2CΨ̄1, [Ψ1Cγ
µΨ2]† = Ψ̄2γ

µCΨ̄1, [Ψ1Cσ
µνΨ2]† = Ψ̄2σ

µνCΨ̄1. (4.10)

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

4.1 Lists of the dim-5 operators

Class FLψ
2: 1 type

OBLN̄2(0,−2) Y
[

p
r

]
iBL

µν
(
NpσµνCN r

)
(4.11)

Class ψ2φ2: 1 type

ON̄2HH†(0,−2) Y [ p r ]HiH
†i
(
NpCN r

)
(4.12)

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

We take these two operators as an example to discuss the connection between our
results and those in other literature. In ref. [15], the above two operators are written as(
NσµνN c

)
Bµν and

(
NN c

) (
φ†φ

)
. These operators are exactly the same as our result

after some conversions between notations. For gauge bosons contracting with σ matrices,
the following relations are useful,

FL
µν (σµν)α

β = Fµν (σµν)α
β = −iF̃µν (σµν)α

β , FR
µν (σµν)α

β = 0, (4.13)
FR

µν (σ̄µν)α̇ β̇ = Fµν (σ̄µν)α̇ β̇ = iF̃µν (σ̄µν)α̇ β̇ , FL
µν (σ̄µν)α̇ β̇ = 0, (4.14)

where F can be the field strength of any gauge boson in the νSMEFT or νLEFT and
FL/R = 1

2
(
F ∓ iF̃

)
. Taking account of eq. (4.5) and eq. (4.13), eq. (4.11) and eq. (4.12)

become

Y
[

p
r

]
iBµν

(
NpσµνN

c
r

)
, (4.15)

Y [ p r ]HiH
†i
(
NpN

c
r

)
. (4.16)

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

4.2 Lists of the dim-6 operators

These operators were listed and discussed in refs. [17, 18]. We will take type d̄2N̄ ū as
an example and compare our result with that of ref. [18]. To do that, first we find the
Hermitian conjugate of operators eq. (4.25), which are

εabc (NsCdpa) (utcCdrb) =
[
εabc

(
dp
aCN s

) (
dr
bCut

c
)]†

, (4.17)

εabc (drbCdpa) (utcCNs) =
[
εabc

(
dp
aCdr

b
) (
N sCut

c
)]†

, (4.18)

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

εabc (drbCdpa) (utcCNs) = −εabc (NsCdpa) (utcCdrb) + εabc (NsCdra) (utcCdpb) (4.19)
= −Y

[
p
r

]
εabc (NsCdpa) (utcCdrb) (4.20)

∝ Y
[

p
r

]
εabc (drbCdpa) (utcCNs) , (4.21)

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

Y [ p r ] εabc (NsCdpa) (utcCdrb) , (4.22)
Y
[

p
r

]
εabc (NsCdpa) (utcCdrb) , (4.23)

which can be reorganized into one term εabc (NsCdpa) (utcCdrb) and is the same as operator
OuddN in ref. [18].
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Class ψ4: 4 types

O(1,2)
d̄lN̄q

(0, 0) ε
ij
(
N sqtaj

) (
dp
alri
)

εij
(
dp
aCN s

)
(lriCqtaj)

(4.24)

O(1,2)
d̄2N̄ū

(−1,−1)
Y [ p r ] εabc

(
dp
aCN s

) (
dr
bCut

c
)

Y
[

p
r

]
εabc

(
dp
aCdr

b
) (
N sCut

c
) (4.25)

O(1,2)
ēl2N̄

(0, 0)
Y [ r s ] εij (eplri)

(
N tlsj

)
Y
[

r
s

]
εij (eplri)

(
N tlsj

) (4.26)

ON̄4(0,−4) Y
[

p r
s t

] (
NpCN r

) (
N sCN t

)
(4.27)

Class FLψ
2φ: 2 types

OWLlN̄H
(0, 0) i

(
τ I
)i
k
εjkHjW

I
L
µν
(
N rσµν lpi

)
(4.28)

OBLlN̄H
(0, 0) iεijHjBL

µν
(
N rσµν lpi

)
(4.29)

Class ψ2ψ†2: 9 types

OdNq2(1, 1) Y [ p r ] εabcεij (dscCNt) (qpaiCqrbj) (4.30)

Ol̄Nqū(0, 0)
(
ls
iNt

)
(uraqpai) (4.31)

ON̄Nqq̄(0, 0)
(
Npqrai

) (
qait Ns

)
(4.32)

OdēNū(0, 0) (dsaCNt) (epCura) (4.33)

ON̄Nūu(0, 0) (NsCuta)
(
NpCur

a
)

(4.34)

Od̄dN̄N (0, 0) (dsaCNt)
(
dp
aCN r

)
(4.35)

Oll̄N̄N (0, 0)
(
N rlpi

) (
ls
iNt

)
(4.36)

OēeN̄N (0, 0) (esCNt)
(
epCN r

)
(4.37)

ON̄2N2(0, 0) Y [ p r , s t ] (NsCNt)
(
NpCN r

)
(4.38)

Class ψψ†φ2D: 2 types

OēNH†2D(0, 0) iεijH†iDµH†j (epγµNr) (4.39)

ON̄NHH†D(0, 0) iHiD
µH†i

(
NpγµNr

)
(4.40)

Class ψ2φ3: 1 type

OlN̄H2H†(0, 0) εikHjHkH
†j
(
N rlpi

)
(4.41)
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4.3 Lists of the dim-7 operators

Class FL
2ψ2: 3 types

OGL2N̄2(0,−2) Y [ p r ]
(
NpCN r

)
GAL µνG

A
L
µν (4.42)

OWL2N̄2(0,−2) Y [ p r ]
(
NpCN r

)
W I

LµνW
I
L
µν (4.43)

OBL2N̄2(0,−2) Y [ p r ]BLµνBL
µν
(
NpCN r

)
(4.44)

Class FL
2ψ†2: 3 types

OGL2N2(0, 2) Y [ p r ] (NpCNr)GAL µνGAL µν (4.45)
OWL2N2(0, 2) Y [ p r ] (NpCNr)W I

LµνW
I
L
µν (4.46)

OBL2N2(0, 2) Y [ p r ]BLµνBL
µν (NpCNr) (4.47)

Class ψ3ψ†D: 12 types

OdN̄q2D(1,−1) Y
[

r
s

]
iεabcεij

(
Npγµdtc

)
(qraiCDµqsbj) (4.48)

Ol̄N̄qūD(0,−2) i (Dµus
aqrai)

(
NpγµClt

i
)

(4.49)

Od̄lNqD(0, 2) iεij
(
dp
aγµNt

)
(lriCDµqsaj) (4.50)

ON̄2qq̄D(0,−2) Y
[

p
r

]
i
(
N rD

µqsai
) (
NpγµCq

ai
t

)
(4.51)

Od̄2NūD(−1, 1) Y [ p r ] iεabc
(
dp
aγµNt

) (
dr
bCDµus

c
)

(4.52)

OdēN̄ūD(0,−2) i (epγµdta)
(
N rCD

µus
a
)

(4.53)

ON̄2ūuD(0,−2) Y
[

p
r

]
i
(
Npγµuta

) (
N rCD

µus
a
)

(4.54)

Od̄dN̄2D(0,−2) Y
[

r
s

]
i
(
dp
aγµdta

) (
N rCD

µN s

)
(4.55)

Oēl2ND(0, 2) Y [ r s ] iεij (epγµNt) (lriCDµlsj) (4.56)

Oll̄N̄2D(0,−2) Y
[

r
s

]
i
(
N rCD

µN s

) (
lt
iγµlpi

)
(4.57)

OēeN̄2D(0,−2) Y
[

r
s

]
i (epγµet)

(
N rCD

µN s

)
(4.58)

ON̄3ND(0,−2) Y
[

p
r
s

]
i
(
NpγµNt

) (
N rCD

µN s

)
(4.59)

Class FLψψ
†φD: 4 types

OWLlNHD(0, 2) i
(
τ I
)i
k
εjkDµHjW

I
L
µ
ν (lpiCγνNr) (4.60)

OWL l̄N̄H†D
(0,−2) iεjk

(
τ I
)k
i
DµH

†iW I
L
µ
ν

(
Npγ

νClr
j
)

(4.61)

OBLlNHD(0, 2) iεijBL
µ
νDµHj (lpiCγνNr) (4.62)

OBL l̄N̄H†D
(0,−2) iεijBL

µ
νDµH

†i
(
Npγ

νClr
j
)

(4.63)
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Class ψ2φ2D2: 2 types

OēN̄H†2D2(0,−2) iεijDµH
†iDνH

†j
(
epσ

µνCN r

)
(4.64)

O(1,2)
N̄2HH†D2(0,−2)

Y
[

p
r

]
iDµHiDνH

†i
(
Npσ

µνCN r

)
Y [ p r ]DµHi

(
NpCN r

)
DµH†i

(4.65)

Class ψ4φ: 6 types

O(1∼3)
N̄q3H†

(1,−1)
Y [ r s t ] εabcεikH†j

(
Npqrai

)
(qsbjCqtck)

Y
[

r s
t

]
εabcεikH†j

(
Npqrai

)
(qsbjCqtck)

Y
[

r
s
t

]
εabcεikH†j

(
Npqrai

)
(qsbjCqtck)

(4.66)

O(1,2)
ēN̄qūH†

(0,−2) H
†i
(
epCN r

)
(utaqsai)

H†i (epqsai)
(
N rCut

a
) (4.67)

O(1,2)
N̄2qūH

(0,−2) Y
[

p
r

]
εijHj

(
Npqsai

) (
N rCut

a
)

Y [ p r ] εijHj

(
NpCN r

)
(utaqsai)

(4.68)

O(1,2)
d̄N̄2qH†

(0,−2) Y
[

r
s

]
H†i

(
N sqtai

) (
dp
aCN r

)
Y [ r s ]H†i

(
N sqtai

) (
dp
aCN r

) (4.69)

O(1,2)
ēlN̄2H†

(0,−2)
Y
[

s
t

]
H†i

(
epCN s

) (
N tlri

)
Y [ s t ]H†i

(
N sCN t

)
(eplri)

(4.70)

OlN̄3H(0,−2) Y
[

r s
t

]
εijHj

(
N sCN t

) (
N rlpi

)
(4.71)

Class FLψ
2φ2: 3 types

OWLēN̄H†2(0,−2) iεjk
(
τ I
)k
i
H†iH†jW I

L
µν
(
epσµνCN r

)
(4.72)

OWLN̄2HH†(0,−2) Y
[

p
r

]
i
(
τ I
)i
j
HiH

†jW I
L
µν
(
NpσµνCN r

)
(4.73)

OBLN̄2HH†(0,−2) Y
[

p
r

]
iHiH

†iBL
µν
(
NpσµνCN r

)
(4.74)

Class ψ2ψ†2φ: 13 types

ON2qūH(0, 2) Y [ s t ] εijHj (NsCNt) (uraqpai) (4.75)

Od̄eNqH(0, 2) εijHj (esCNt)
(
dp
aqrai

)
(4.76)

Od̄N2qH†(0, 2) Y [ s t ]H†i (NsCNt)
(
dp
aqrai

)
(4.77)

O(1,2)
lNqq̄H(0, 2)

εikHk

(
qajt Ns

)
(lpiCqraj)

εijHk

(
qakt Ns

)
(lpiCqraj)

(4.78)

Od2N̄qH(1,−1) Y
[

s
t

]
εabcεijHj (dsbCdtc)

(
Npqrai

)
(4.79)

OdN̄quH†(1,−1) εabcH†i
(
Npqrai

)
(dsbCutc) (4.80)
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OlNūuH(0, 2) εijHj (NsCuta) (uralpi) (4.81)

Odl̄N̄ ūH(0,−2) Hi

(
NpCur

a
) (
lt
idsa

)
(4.82)

Od̄dlNH(0, 2) εijHj (dsaCNt)
(
dp
alri
)

(4.83)

O(1,2)
l2 l̄NH

(0, 2)
Y [ p r ] εikHk (lpiClrj)

(
ls
jNt

)
Y
[

p
r

]
εikHk (lpiClrj)

(
ls
jNt

) (4.84)

OēelNH(0, 2) εijHj (esCNt) (eplri) (4.85)
OēlN2H†(0, 2) Y [ s t ]H†i (NsCNt) (eplri) (4.86)

OlN̄N2H(0, 2) Y [ s t ] εijHj (NsCNt)
(
N rlpi

)
(4.87)

Class ψψ†φ3D: 1 type

O(1,2)
lNH2H†D

(0, 2)
iεikHjHkD

µH†j (lpiCγµNr)
iεikHjH

†jDµHk (lpiCγµNr)
(4.88)

Class ψ2φ4: 1 type

ON̄2H2H†2(0,−2) Y [ p r ]HiHjH
†iH†j

(
NpCN r

)
(4.89)

4.4 Lists of the dim-8 operators

Class ψ4D2: 4 types

O(1∼3)
d̄lN̄qD2(0, 0)

εij
(
dp
alri
) (
DµN sD

µqtaj
)

εij
(
dp
aCN s

)
(DµlriCD

µqtaj)
iεij

(
DµN sDνqtaj

) (
dp
aσµν lri

) (4.90)

O(1∼3)
d̄2N̄ūD2(−1,−1)

Y [ p r ] εabc
(
dp
aCN s

) (
Dµdr

bCDµut
c
)

Y
[

p
r

]
εabc

(
dp
aCdr

b
) (
DµN sCD

µut
c
)

Y
[

p
r

]
εabc

(
dp
aCN s

) (
Dµdr

bCDµut
c
) (4.91)

O(1∼3)
ēl2N̄D2(0, 0)

Y [ r s ] εij (eplri)
(
DµN tDµlsj

)
Y
[

r
s

]
εij (eplri)

(
DµN tDµlsj

)
Y
[

r
s

]
iεij

(
DνN tDµlsj

)
(epσµν lri)

(4.92)

O(1,2)
N̄4D2(0,−4)

Y
[

p r
s t

] (
NpCN r

) (
DµN sCD

µN t

)
Y [ p r s t ]

(
NpCN r

) (
DµN sCD

µN t

) (4.93)

Class FLψ
2φD2: 2 types

O(1,2)
WLlN̄HD2(0, 0) i

(
τ I
)i
k
εjkDνHjW

I
Lλ

µ
(
DµN rσ

λν lpi
)

(
τ I
)i
k
εjkDνHjW

I
L
µν
(
DµN rlpi

) (4.94)

O(1,2)
BLlN̄HD2(0, 0) iε

ijBLλ
µDνHj

(
DµN rσ

λν lpi
)

εijBL
µνDνHj

(
DµN rlpi

) (4.95)
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H
E
P
1
1
(
2
0
2
1
)
0
0
3

Class FLFRψψ
†D: 3 types

OGLGRN̄ND
(0, 0) iGAL µνGARνλ

(
Npγ

λDµNr

)
(4.96)

OWLWRN̄ND
(0, 0) iW I

L
µ
νW

I
R
ν
λ

(
Npγ

λDµNr

)
(4.97)

OBLBRN̄ND
(0, 0) iBL

µ
νBR

ν
λ

(
Npγ

λDµNr

)
(4.98)

Class ψ2ψ†2D2: 9 types

O(1,2)
dNq2D2(1, 1) Y

[
p
r

]
iεabcεij (DµdscCDνNt) (qpaiCσµνqrbj)

Y [ p r ] εabcεij (qpaiCqrbj) (DµdscCD
µNt)

(4.99)

O(1,2)
l̄NqūD2(0, 0) (uraqpai)

(
Dµls

iDµNt

)
i
(
Dµls

iDνNt

)
(uraσµνqpai)

(4.100)

O(1,2)
N̄Nqq̄D2(0, 0)

(
Npqrai

) (
Dµqait DµNs

)
i
(
Dνq

ai
t DµNs

) (
Npσ

µνqrai
) (4.101)

O(1,2)
dēNūD2(0, 0)

(epCura) (DµdsaCD
µNt)

i (DµdsaCDνNt) (epσµνCura)
(4.102)

O(1,2)
N̄NūuD2(0, 0)

(
NpCur

a
)

(DµNsCD
µuta)

i (DµNsCDνuta)
(
Npσ

µνCur
a
) (4.103)

O(1,2)
d̄dN̄ND2(0, 0)

(
dp
aCN r

)
(DµdsaCD

µNt)
i (DµdsaCDνNt)

(
dp
aσµνCN r

) (4.104)

O(1,2)
ll̄N̄ND2(0, 0)

(
N rlpi

) (
Dµls

iDµNt

)
i
(
Dµls

iDνNt

) (
N rσ

µν lpi
) (4.105)

O(1,2)
ēeN̄ND2(0, 0)

(
epCN r

)
(DµesCD

µNt)
i (DµesCDνNt)

(
epσ

µνCN r

) (4.106)

O(1,2)
N̄2N2D2(0, 0)

Y
[

p
r
, s

t

]
i (DµNsCDνNt)

(
Npσ

µνCN r

)
Y [ p r , s t ]

(
NpCN r

)
(DµNsCD

µNt)
(4.107)

Class FRψ
2φD2: 2 types

OWRlN̄HD2(0, 0) i
(
τ I
)j
k
εikDµDνHjW

I
R
µ
λ

(
N rσ

νλlpi
)

(4.108)

OBRlN̄HD2(0, 0) iεijBR
µ
λDµDνHj

(
N rσ

νλlpi
)

(4.109)

Class ψψ†φ2D3: 2 types

OēNH†2D3(0, 0) iεijH†iDµDνH
†j (epγνDµNr) (4.110)

O(1,2)
N̄NHH†D3(0, 0)

iHiDµDνH
†i
(
Npγ

νDµNr

)
iDνHiD

µH†i
(
NpγµD

νNr

) (4.111)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

Class FLψ
4: 8 types

O(1∼3)
GLd̄lN̄q

(0, 0)
i
(
λA
)b
a
εijGAL µν

(
N sqtbj

) (
dp
aσµν lri

)
i
(
λA
)b
a
εijGAL

µν (lriCqtbj)
(
dp
aσµνCN s

)
i
(
λA
)b
a
εijGAL µν

(
dp
aqtbj

) (
N sσ

µν lri
) (4.112)

O(1∼6)
GLd̄2N̄ū

(−1,−1)

Y
[

p
r

]
iεace

(
λA
)e
b
GAL µν

(
N sCut

c
) (
dp
aσµνCdr

b
)

Y
[

p
r

]
iεace

(
λA
)e
b
GAL

µν
(
dr
bCut

c
) (
dp
aσµνCN s

)
Y
[

p
r

]
iεabe

(
λA
)e
c
GAL

µν
(
dr
bCut

c
) (
dp
aσµνCN s

)
Y [ p r ] iεace

(
λA
)e
b
GAL µν

(
N sCut

c
) (
dp
aσµνCdr

b
)

Y [ p r ] iεace
(
λA
)e
b
GAL

µν
(
dr
bCut

c
) (
dp
aσµνCN s

)
Y [ p r ] iεabe

(
λA
)e
c
GAL

µν
(
dr
bCut

c
) (
dp
aσµνCN s

)
(4.113)

O(1∼3)
WLd̄lN̄q

(0, 0)
i
(
τ I
)i
k
εjkW I

Lµν
(
N sqtaj

) (
dp
aσµν lri

)
i
(
τ I
)i
k
εjkW I

L
µν (lriCqtaj)

(
dp
aσµνCN s

)
i
(
τ I
)i
k
εjkW I

Lµν
(
dp
aqtaj

) (
N sσ

µν lri
) (4.114)

O(1∼3)
WLēl2N̄

(0, 0)
Y
[

r
s

]
i
(
τ I
)i
k
εjkW I

Lµν
(
N tlsj

)
(epσµν lri)

Y
[

r
s

]
i
(
τ I
)i
k
εjkW I

Lµν
(
epCN t

)
(lriCσµν lsj)

Y [ r s ] i
(
τ I
)i
k
εjkW I

Lµν
(
N tlsj

)
(epσµν lri)

(4.115)

O(1∼3)
BLd̄lN̄q

(0, 0)
iεijBLµν

(
N sqtaj

) (
dp
aσµν lri

)
iεijBL

µν (lriCqtaj)
(
dp
aσµνCN s

)
iεijBLµν

(
dp
aqtaj

) (
N sσ

µν lri
) (4.116)

O(1∼3)
BLd̄2N̄ū

(−1,−1)
Y [ p r ] iεabcBLµν

(
N sCut

c
) (
dp
aσµνCdr

b
)

Y [ p r ] iεabcBL
µν
(
dr
bCut

c
) (
dp
aσµνCN s

)
Y
[

p
r

]
iεabcBL

µν
(
dr
bCut

c
) (
dp
aσµνCN s

) (4.117)

O(1∼3)
BLēl2N̄

(0, 0)
Y [ r s ] iεijBLµν

(
N tlsj

)
(epσµν lri)

Y [ r s ] iεijBLµν
(
epCN t

)
(lriCσµν lsj)

Y
[

r
s

]
iεijBLµν

(
N tlsj

)
(epσµν lri)

(4.118)

OBLN̄4(0,−4) Y
[

p r
s
t

]
iBL

µν
(
N rCN t

) (
NpσµνCN s

)
(4.119)

Class FL
2ψ2φ: 4 types

OGL2lN̄H(0, 0) εijHjG
A
L µνG

A
L
µν
(
N rlpi

)
(4.120)

O(1,2)
WL2lN̄H

(0, 0) ε
ijHjW

I
LµνW

I
L
µν
(
N rlpi

)
i
(
τK
)i
k
εIJKεjkHjW

I
LµνW

J
L
µ
λ

(
N rσ

νλlpi
) (4.121)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1,2)
BLWLlN̄H

(0, 0)
(
τ I
)i
k
εjkHjBLµνW

I
L
µν
(
N rlpi

)
i
(
τ I
)i
k
εjkHjBLµνW

I
L
µ
λ

(
N rσ

νλlpi
) (4.122)

OBL2lN̄H(0, 0) εijHjBLµνBL
µν
(
N rlpi

)
(4.123)

Class FLψ
2ψ†2: 27 types

O(1,2)
GLdNq2(1, 1) Y [ p r ] i

(
λA
)b
e
εaceεijGAL µν (dscCNt) (qpaiCσµνqrbj)

Y
[

p
r

]
i
(
λA
)b
e
εaceεijGAL µν (dscCNt) (qpaiCσµνqrbj)

(4.124)

OGL l̄Nqū
(0, 0) i

(
λA
)a
b
GAL µν

(
ls
iNt

) (
ur
bσµνqpai

)
(4.125)

OGLN̄Nqq̄
(0, 0) i

(
λA
)a
b
GAL µν

(
qbit Ns

) (
Npσ

µνqrai
)

(4.126)

OGLdēNū(0, 0) i
(
λA
)b
a
GAL µν (dsbCNt) (epσµνCura) (4.127)

OGLN̄Nūu
(0, 0) i

(
λA
)b
a
GAL µν (NsCutb)

(
Npσ

µνCur
a
)

(4.128)

O(1,2)
GLd̄N̄ q̄2(−1,−1) Y

[
s
t

]
iεaceεij

(
λA
)e
b
GAL µν

(
qbis Cq

cj
t

) (
dp
aσµνCN r

)
Y [ s t ] iεaceεij

(
λA
)e
b
GAL µν

(
qbis Cq

cj
t

) (
dp
aσµνCN r

) (4.129)

OGLd̄eN̄u
(0, 0) i

(
λA
)b
a
GAL µν (esCutb)

(
dp
aσµνCN r

)
(4.130)

OGLd̄dN̄N
(0, 0) i

(
λA
)b
a
GAL µν (dsbCNt)

(
dp
aσµνCN r

)
(4.131)

OGLlN̄ q̄u
(0, 0) i

(
λA
)b
a
GAL µν

(
qais utb

) (
N rσ

µν lpi
)

(4.132)

OWLdNq2(1, 1) Y [ p r ] i
(
τ I
)i
k
εabcεjkW I

Lµν (dscCNt) (qpaiCσµνqrbj) (4.133)

OWL l̄Nqū
(0, 0) i

(
τ I
)i
j
W I

Lµν
(
ls
jNt

)
(uraσµνqpai) (4.134)

OWLN̄Nqq̄
(0, 0) i

(
τ I
)i
j
W I

Lµν
(
qajt Ns

) (
Npσ

µνqrai
)

(4.135)

OWLd̄N̄ q̄2(−1,−1) Y
[

s
t

]
iεabcεjk

(
τ I
)k
i
W I

Lµν
(
qbis Cq

cj
t

) (
dp
aσµνCN r

)
(4.136)

OWLlN̄ q̄u
(0, 0) i

(
τ I
)i
j
W I

Lµν
(
qajs uta

) (
N rσ

µν lpi
)

(4.137)

OWLll̄N̄N
(0, 0) i

(
τ I
)i
j
W I

Lµν
(
ls
jNt

) (
N rσ

µν lpi
)

(4.138)

OBLdNq2(1, 1) Y
[

p
r

]
iεabcεijBLµν (dscCNt) (qpaiCσµνqrbj) (4.139)

OBL l̄Nqū
(0, 0) iBLµν

(
ls
iNt

)
(uraσµνqpai) (4.140)

OBLN̄Nqq̄
(0, 0) iBLµν

(
qait Ns

) (
Npσ

µνqrai
)

(4.141)

OBLdēNū(0, 0) iBLµν (dsaCNt) (epσµνCura) (4.142)

OBLN̄Nūu
(0, 0) iBLµν (NsCuta)

(
Npσ

µνCur
a
)

(4.143)

OBLd̄N̄ q̄2(−1,−1) Y [ s t ] iεabcεijBLµν
(
qbis Cq

cj
t

) (
dp
aσµνCN r

)
(4.144)
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H
E
P
1
1
(
2
0
2
1
)
0
0
3

OBLd̄eN̄u
(0, 0) iBLµν (esCuta)

(
dp
aσµνCN r

)
(4.145)

OBLd̄dN̄N
(0, 0) iBLµν (dsaCNt)

(
dp
aσµνCN r

)
(4.146)

OBLlN̄ q̄u
(0, 0) iBLµν

(
qais uta

) (
N rσ

µν lpi
)

(4.147)

OBLll̄N̄N
(0, 0) iBLµν

(
ls
iNt

) (
N rσ

µν lpi
)

(4.148)

OBLēeN̄N
(0, 0) iBLµν (esCNt)

(
epσ

µνCN r

)
(4.149)

OBLN̄2N2(0, 0) Y
[

p
r
, s t

]
iBLµν (NsCNt)

(
Npσ

µνCN r

)
(4.150)

Class FL
2ψ†2φ: 4 types

OGL2 l̄NH†(0, 0) εijH†iGAL µνGAL µν
(
lp
jNr

)
(4.151)

OWL2 l̄NH†(0, 0) εkm
(
τ I
)m
j

(
τJ
)k
i
H†iW I

LµνW
J
L
µν
(
lp
jNr

)
(4.152)

OBLWL l̄NH†
(0, 0) εjk

(
τ I
)k
i
BLµνH

†iW I
L
µν
(
lp
jNr

)
(4.153)

OBL2 l̄NH†(0, 0) εijBLµνH
†iBL

µν
(
lp
jNr

)
(4.154)

Class ψ3ψ†φD: 16 types

O(1∼4)
Nq3H†D

(1, 1)

Y
[

p r
s

]
iεabcεikDµH†j (qpaiCqrbj) (qsckCγµNt)

Y
[

p r
s

]
iεabcεikH†j (qpaiCγµNt) (qrbjCDµqsck)

Y [ p r s ] iεabcεikDµH†j (qpaiCqrbj) (qsckCγµNt)
Y
[

p
r
s

]
iεabcεikDµH†j (qpaiCqrbj) (qsckCγµNt)

(4.155)

O(1∼3)
ēNqūH†D

(0, 0)
iDµH†i (epqrai) (usaγµNt)
iH†i (epγµNt) (Dµus

aqrai)
iDµH†i (epCusa) (qraiCγµNt)

(4.156)

O(1∼3)
N̄NqūHD

(0, 0)
iεijDµHj

(
Npqrai

)
(usaγµNt)

iεijHj

(
NpγµNt

)
(Dµus

aqrai)
iεijDµHj

(
NpCus

a
)

(qraiCγµNt)
(4.157)

O(1∼3)
d̄eN̄qHD

(0, 0)
iεijDµHj

(
dp
aCN r

)
(qsaiCγµet)

iεijHj

(
dp
aγµet

) (
N rD

µqsai
)

iεijDµHj

(
N rγµet

) (
dp
aqsai

) (4.158)

O(1∼3)
d̄N̄NqH†D

(0, 0)
iDµH†i

(
dp
aCN r

)
(qsaiCγµNt)

iH†i
(
dp
aγµNt

) (
N rD

µqsai
)

iDµH†i
(
N rγµNt

) (
dp
aqsai

) (4.159)
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H
E
P
1
1
(
2
0
2
1
)
0
0
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O(1∼6)
lN̄qq̄HD

(0, 0)

iεikDµHk

(
N rlpi

) (
qajt γµqsaj

)
iεijDµHk

(
N rlpi

) (
qakt γµqsaj

)
iεikHk

(
N rD

µqsaj
) (
qajt γµlpi

)
iεijHk

(
N rD

µqsaj
) (
qakt γµlpi

)
iεikDµHk (lpiCqsaj)

(
N rγµCq

aj
t

)
iεijDµHk (lpiCqsaj)

(
N rγµCq

ak
t

)
(4.160)

O(1∼3)
d̄N̄ q̄ūHD

(−1,−1)
iεabcD

µHi

(
dp
aCN r

) (
us
bγµCq

ci
t

)
iεabcHi

(
N rCD

µus
b
) (
dp
aγµCq

ci
t

)
iεabcD

µHi

(
dp
aCus

b
) (
N rγµCq

ci
t

) (4.161)

O(1∼3)
lN̄ ūuHD

(0, 0)
iεijDµHj

(
N rlpi

)
(usaγµuta)

iεijHj (lpiCγµuta)
(
N rCD

µus
a
)

iεijDµHj (usalpi)
(
N rγµuta

) (4.162)

O(1∼3)
d̄2N̄ q̄H†D

(−1,−1)
Y [ p r ] iεabcεijH†i

(
dr
bCDµN s

) (
dp
aγµCq

cj
t

)
Y [ p r ] iεabcεijDµH†i

(
dp
aCN s

) (
dr
bγµCq

cj
t

)
Y
[

p
r

]
iεabcεijD

µH†i
(
dp
aCdr

b
) (
N sγµCq

cj
t

) (4.163)

O(1∼3)
d̄dlN̄HD

(0, 0)
iεijDµHj

(
dp
alri
) (
N sγµdta

)
iεijHj

(
dp
aγµdta

) (
DµN slri

)
iεijDµHj

(
dp
aCN s

)
(lriCγµdta)

(4.164)

O(1∼3)
d̄lN̄uH†D

(0, 0)
iDµH†i

(
dp
alri
) (
N sγµuta

)
iH†i

(
dp
aγµuta

) (
DµN slri

)
iDµH†i

(
dp
aCN s

)
(lriCγµuta)

(4.165)

O(1∼6)
l2 l̄N̄HD

(0, 0)

Y
[

p
r

]
iεikDµHk (lpiClrj)

(
N sγµClt

j
)

Y
[

p
r

]
iεikHk

(
DµN slrj

) (
lt
jγµlpi

)
Y
[

p
r

]
iεikDµHk

(
N slpi

) (
lt
jγµlrj

)
Y [ p r ] iεikDµHk (lpiClrj)

(
N sγµClt

j
)

Y [ p r ] iεikHk

(
DµN slrj

) (
lt
jγµlpi

)
Y [ p r ] iεikDµHk

(
N slpi

) (
lt
jγµlrj

)
(4.166)

O(1∼3)
ēelN̄HD

(0, 0)
iεijDµHj (eplri)

(
N sγµet

)
iεijHj (epγµet)

(
DµN slri

)
iεijDµHj

(
epCN s

)
(lriCγµet)

(4.167)

O(1∼3)
ēlN̄NH†D

(0, 0)
iDµH†i (eplri)

(
N sγµNt

)
iH†i (epγµNt)

(
DµN slri

)
iDµH†i

(
epCN s

)
(lriCγµNt)

(4.168)
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O(1∼3)
lN̄2NHD

(0, 0)
Y
[

r
s

]
iεijDµHj

(
N rlpi

) (
N sγµNt

)
Y
[

r
s

]
iεijHj

(
N rCD

µN s

)
(lpiCγµNt)

Y [ r s ] iεijDµHj

(
N rlpi

) (
N sγµNt

) (4.169)

O(1,2)
l̄N̄3H†D

(0,−4)
Y
[

p
r
s

]
iεijH

†i
(
N rCD

µN s

) (
NpγµClt

j
)

Y
[

p r
s

]
iεij

(
NpCN r

)
DµH†i

(
N sγµClt

j
) (4.170)

Class FLψψ
†φ2D: 6 types

OWLēNH†2D(0, 0) iεjk
(
τ I
)k
i
H†iDµH

†jW I
L
µ
ν (epγνNr) (4.171)

OWLeN̄H2D(0, 0) i
(
τ I
)i
k
εjkHiDµHjW

I
L
µ
ν

(
Npγ

νer
)

(4.172)

O(1,2)
WLN̄NHH†D

(0, 0) i
(
τ I
)i
j
HiDµH

†jW I
L
µ
ν

(
Npγ

νNr

)
i
(
τ I
)i
j
H†jDµHiW

I
L
µ
ν

(
Npγ

νNr

) (4.173)

OBLēNH†2D(0, 0) iεijH†iBL
µ
νDµH

†j (epγνNr) (4.174)

OBLeN̄H2D(0, 0) iεijHiBL
µ
νDµHj

(
Npγ

νer
)

(4.175)

O(1,2)
BLN̄NHH†D

(0, 0) iHiBL
µ
νDµH

†i
(
Npγ

νNr

)
iH†iBL

µ
νDµHi

(
Npγ

νNr

) (4.176)

Class ψ2φ3D2: 1 type

O(1∼6)
lN̄H2H†D2(0, 0)

εikHjDµHkD
µH†j

(
N rlpi

)
εijHjDµHkD

µH†k
(
N rlpi

)
εikH†jDµHjD

µHk

(
N rlpi

)
iεikHjDµHkDνH

†j
(
N rσ

µν lpi
)

iεijHjDµHkDνH
†k
(
N rσ

µν lpi
)

iεikH†jDµHjDνHk

(
N rσ

µν lpi
)

(4.177)

Class ψ4φ2: 6 types

O(1,2)
lN̄qūH2(0, 0) ε

ikεjmHkHm

(
N rlpi

)
(utaqsaj)

εikεjmHkHm

(
N rCut

a
)

(lpiCqsaj)
(4.178)

O(1∼4)
d̄lN̄qHH†

(0, 0)

εikHkH
†j
(
N sqtaj

) (
dp
alri
)

εijHkH
†k
(
N sqtaj

) (
dp
alri
)

εikHkH
†j
(
dp
aCN s

)
(lriCqtaj)

εijHkH
†k
(
dp
aCN s

)
(lriCqtaj)

(4.179)

O(1,2)
d̄2N̄ūHH†

(−1,−1)
Y [ p r ] εabcHiH

†i
(
dp
aCN s

) (
dr
bCut

c
)

Y
[

p
r

]
εabcHiH

†i
(
dp
aCdr

b
) (
N sCut

c
) (4.180)
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O(1∼4)
ēl2N̄HH†

(0, 0)

Y
[

r
s

]
εikHkH

†j (eplri)
(
N tlsj

)
Y
[

r
s

]
εijHkH

†k (eplri)
(
N tlsj

)
Y [ r s ] εikHkH

†j (eplri)
(
N tlsj

)
Y [ r s ] εijHkH

†k (eplri)
(
N tlsj

) (4.181)

O(1,2)
l2N̄2H2(0, 0)

Y
[

p
r
, s

t

]
εikεjmHkHm

(
N slpi

) (
N tlrj

)
Y [ p r , s t ] εikεjmHkHm

(
N sCN t

)
(lpiClrj)

(4.182)

ON̄4HH†(0,−4) Y
[

p r
s t

]
HiH

†i
(
NpCN r

) (
N sCN t

)
(4.183)

Class FLψ
2φ3: 2 types

O(1,2)
WLlN̄H2H†

(0, 0) i
(
τ I
)j
n
εknHjHkH

†iW I
Lµν

(
N rσ

µν lpi
)

i
(
τ I
)i
n
εknHjHkH

†jW I
Lµν

(
N rσ

µν lpi
) (4.184)

OBLlN̄H2H†(0, 0) iεikHjHkBLµνH
†j
(
N rσ

µν lpi
)

(4.185)

Class ψ2ψ†2φ2: 14 types

O(1,2)
dNq2HH†

(1, 1) Y
[

p
r

]
εabcεikHkH

†j (dscCNt) (qpaiCqrbj)
Y [ p r ] εabcεikHkH

†j (dscCNt) (qpaiCqrbj)
(4.186)

ONq2uH†2(1, 1) Y
[

p
r

]
εabcH†iH†j (NsCutc) (qpaiCqrbj) (4.187)

O(1,2)
l̄NqūHH†

(0, 0) HjH
†i
(
ls
jNt

)
(uraqpai)

HjH
†j
(
ls
iNt

)
(uraqpai)

(4.188)

Od̄l̄NqH†2(0, 0) εkmH†iH†k
(
ls
mNt

) (
dp
aqrai

)
(4.189)

OēNqq̄H†2(0, 0) εkmH†iH†k (epqrai) (qamt Ns) (4.190)

O(1,2)
N̄Nqq̄HH†

(0, 0) HjH
†i
(
Npqrai

) (
qajt Ns

)
HjH

†j
(
Npqrai

) (
qait Ns

) (4.191)

OdēNūHH†(0, 0) HiH
†i (dsaCNt) (epCura) (4.192)

ON̄NūuHH†(0, 0) HiH
†i (NsCuta)

(
NpCur

a
)

(4.193)

Od̄dN̄NHH†(0, 0) HiH
†i (dsaCNt)

(
dp
aCN r

)
(4.194)

Ol2N2H2(0, 4) Y [ p r , s t ] εikεjmHkHm (NsCNt) (lpiClrj) (4.195)

Oēll̄NH†2(0, 0) εkmH†iH†k (eplri)
(
ls
mNt

)
(4.196)

O(1,2)
ll̄N̄NHH†

(0, 0)
HjH

†i
(
N rlpi

) (
ls
jNt

)
HjH

†j
(
N rlpi

) (
ls
iNt

) (4.197)

OēeN̄NHH†(0, 0) HiH
†i (esCNt)

(
epCN r

)
(4.198)

ON̄2N2HH†(0, 0) Y [ p r , s t ]HiH
†i (NsCNt)

(
NpCN r

)
(4.199)
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Class ψψ†φ4D: 2 types

OēNHH†3D(0, 0) iεjmHiH
†iH†jDµH†m (epγµNr) (4.200)

ON̄NH2H†2D(0, 0) iHiHjH
†iDµH†j

(
NpγµNr

)
(4.201)

Class ψ2φ5: 1 type

OlN̄H3H†2(0, 0) εimHjHkHmH
†jH†k

(
N rlpi

)
(4.202)

4.5 Lists of the dim-9 operators

4.5.1 Classes involving two-fermions

Class FL
2ψ2D2: 3 types

O(1,2)
GL2N̄2D2(0,−2) Y [ p r ]GAL νλGAL νλ

(
DµNpCD

µN r

)
Y [ p r ] iGAL λρGAL µν

(
DλNpσ

µνCDρN r

) (4.203)

O(1,2)
WL2N̄2D2(0,−2) Y [ p r ]W I

LνλW
I
L
νλ
(
DµNpCD

µN r

)
Y [ p r ] iW I

L
λρW I

Lµν
(
DλNpσ

µνCDρN r

) (4.204)

O(1,2)
BL2N̄2D2(0,−2) Y [ p r ]BLνλBL

νλ
(
DµNpCD

µN r

)
Y [ p r ] iBLµνBL

λρ
(
DλNpσ

µνCDρN r

) (4.205)

Class FLFRψ
2D2: 3 types

OGLGRN̄2D2(0,−2) Y [ p r ]GAL µλGARνλ
(
NpCDµDνN r

)
(4.206)

OWLWRN̄2D2(0,−2) Y [ p r ]W I
L
µ
λW

I
R
νλ
(
NpCDµDνN r

)
(4.207)

OBLBRN̄2D2(0,−2) Y [ p r ]BL
µ
λBR

νλ
(
NpCDµDνN r

)
(4.208)

Class FL
2ψ†2D2: 3 types

OGL2N2D2(0, 2) Y [ p r ]GAL νλGAL νλ (DµNpCD
µNr) (4.209)

OWL2N2D2(0, 2) Y [ p r ]W I
LνλW

I
L
νλ (DµNpCD

µNr) (4.210)
OBL2N2D2(0, 2) Y [ p r ]BLνλBL

νλ (DµNpCD
µNr) (4.211)

Class FLψψ
†φD3: 4 types

O(1,2)
WLlNHD3(0, 2) i

(
τ I
)i
k
εjkDµDνHjW

I
L
ν
λ

(
lpiCγ

λDµNr

)
i
(
τ I
)i
k
εjkDµDνHjW

I
L
νλ (lpiCγµDλNr)

(4.212)

O(1,2)
WL l̄N̄H†D3(0,−2) iεjk

(
τ I
)k
i
W I

L
ν
λDµDνH

†i
(
Npγ

λCDµlr
j
)

iεjk
(
τ I
)k
i
W I

L
νλDµDνH

†i
(
Npγ

µCDλlr
j
) (4.213)
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O(1,2)
BLlNHD3(0, 2) iε

ijBL
ν
λDµDνHj

(
lpiCγ

λDµNr

)
iεijBL

νλDµDνHj (lpiCγµDλNr)
(4.214)

O(1,2)
BL l̄N̄H†D3(0,−2) iεijBL

ν
λDµDνH

†i
(
Npγ

λCDµlr
j
)

iεijBL
νλDµDνH

†i
(
Npγ

µCDλlr
j
) (4.215)

Class ψ2φ2D4: 2 types

OēN̄H†2D4(0,−2) iεijDµDνH
†iDλD

µH†j
(
epσ

νλCN r

)
(4.216)

O(1∼3)
N̄2HH†D4(0,−2)

Y
[

p
r

]
iDµDνHiDλD

µH†i
(
Npσ

νλCN r

)
Y [ p r ]

(
NpCN r

)
DµDνHiD

µDνH†i

Y [ p r ] iDνHiDλD
µH†i

(
Npσ

νλCDµN r

) (4.217)

Class FL
3ψ2: 5 types

O(1,2)
GL3N̄2(0,−2) Y

[
p
r

]
idABCGAL µνG

B
L
µνGCL λρ

(
Npσ

λρCN r

)
Y [ p r ] fABC

(
NpCN r

)
GAL µνG

B
L
µ
λG

C
L
νλ

(4.218)

O(1,2)
BLGL2N̄2(0,−2) Y

[
p
r

]
iBLµνG

A
L λρG

A
L
µν
(
Npσ

λρCN r

)
Y
[

p
r

]
iBLµνG

A
L
µ
λG

A
L
λ
ρ

(
Npσ

νρCN r

) (4.219)

OWL3N̄2(0,−2) Y [ p r ] εIJK
(
NpCN r

)
W I

LµνW
J
L
µ
λW

K
L
νλ (4.220)

O(1,2)
BLWL2N̄2(0,−2) Y

[
p
r

]
iBLµνW

I
LλρW

I
L
µν
(
Npσ

λρCN r

)
Y
[

p
r

]
iBLµνW

I
L
µ
λW

I
L
λ
ρ

(
Npσ

νρCN r

) (4.221)

OBL3N̄2(0,−2) Y
[

p
r

]
iBLλρBLµνBL

µν
(
Npσ

λρCN r

)
(4.222)

Class FL
3ψ†2: 2 types

OGL3N2(0, 2) Y [ p r ] fABC (NpCNr)GAL µνGBL µλGCL νλ (4.223)
OWL3N2(0, 2) Y [ p r ] εIJK (NpCNr)W I

LµνW
J
L
µ
λW

K
L
νλ (4.224)

Class FL
2ψψ†φD: 8 types

OGL2lNHD(0, 2) iεijDµHjG
A
L νλG

A
L
νλ (lpiCγµNr) (4.225)

OGL2 l̄N̄H†D(0,−2) iεijGAL νλGAL νλDµH
†i
(
Npγ

µClr
j
)

(4.226)

O(1∼3)
WL2lNHD(0, 2)

iεijDµHjW
I
LνλW

I
L
νλ (lpiCγµNr)

i
(
τK
)i
k
εIJKεjkHjW

I
LνλW

J
L
λµ (DµlpiCγ

νNr)

i
(
τK
)i
k
εIJKεjkDµHjW

I
LνλW

J
L
λµ (lpiCγνNr)

(4.227)

O(1∼3)
WL2 l̄N̄H†D

(0,−2)
iεkm

(
τ I
)m
j

(
τJ
)k
i
DµH

†iW I
LνλW

J
L
νλ
(
Npγ

µClr
j
)

iεkm
(
τ I
)m
j

(
τJ
)k
i
H†iW I

LνλW
J
L
λµ
(
DµNpγ

νClr
j
)

iεkm
(
τ I
)m
j

(
τJ
)k
i
DµH

†iW I
LνλW

J
L
λµ
(
Npγ

νClr
j
) (4.228)
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O(1∼3)
BLWLlNHD

(0, 2)
i
(
τ I
)i
k
εjkBLνλDµHjW

I
L
νλ (lpiCγµNr)

i
(
τ I
)i
k
εjkHjBLνλW

I
L
λµ (DµlpiCγ

νNr)

i
(
τ I
)i
k
εjkBLνλDµHjW

I
L
λµ (lpiCγνNr)

(4.229)

O(1∼3)
BLWL l̄N̄H†D

(0,−2)
iεjk

(
τ I
)k
i
BLνλDµH

†iW I
L
νλ
(
Npγ

µClr
j
)

iεjk
(
τ I
)k
i
BLνλH

†iW I
L
λµ
(
DµNpγ

νClr
j
)

iεjk
(
τ I
)k
i
BLνλDµH

†iW I
L
λµ
(
Npγ

νClr
j
) (4.230)

OBL2lNHD(0, 2) iεijBLνλBL
νλDµHj (lpiCγµNr) (4.231)

OBL2 l̄N̄H†D(0,−2) iεijBLνλBL
νλDµH

†i
(
Npγ

µClr
j
)

(4.232)

Class FLψ
2φ2D2: 4 types

O(1∼3)
WLēN̄H†2D2(0,−2)

iεjk
(
τ I
)k
i
DµH

†iDµH†jW I
Lνλ

(
epσ

νλCN r

)
iεjk

(
τ I
)k
i
H†iDνH

†jW I
Lλ

µ
(
epσ

λνCDµN r

)
εjk
(
τ I
)k
i
H†iDνH

†jW I
L
µν
(
epCDµN r

) (4.233)

O(1∼7)
WLN̄2HH†D2(0,−2)

Y
[

p
r

]
i
(
τ I
)i
j
DµHiD

µH†jW I
Lνλ

(
Npσ

νλCN r

)
Y
[

p
r

]
i
(
τ I
)i
j
DµHiDνH

†jW I
Lλ

µ
(
Npσ

λνCN r

)
Y
[

p
r

] (
τ I
)i
j
HiDνH

†jW I
L
µν
(
NpCDµN r

)
Y
[

p
r

] (
τ I
)i
j
H†jDνHiW

I
L
µν
(
NpCDµN r

)
Y [ p r ]

(
τ I
)i
j
DµHi

(
NpCN r

)
DνH

†jW I
L
µν

Y [ p r ] i
(
τ I
)i
j
HiDνH

†jW I
Lλ

µ
(
Npσ

λνCDµN r

)
Y [ p r ] i

(
τ I
)i
j
H†jDνHiW

I
Lλ

µ
(
Npσ

λνCDµN r

)

(4.234)

O(1∼4)
BLēN̄H†2D2(0,−2)

iεijBLλ
µDµH

†iDνH
†j
(
epσ

λνCN r

)
εijBL

µνDµH
†iDνH

†j
(
epCN r

)
iεijH

†iBLλ
µDνH

†j
(
epσ

λνCDµN r

)
εijH

†iBL
µνDνH

†j
(
epCDµN r

) (4.235)

O(1∼7)
BLN̄2HH†D2(0,−2)

Y
[

p
r

]
iBLνλDµHiD

µH†i
(
Npσ

νλCN r

)
Y
[

p
r

]
iBLλ

µDµHiDνH
†i
(
Npσ

λνCN r

)
Y
[

p
r

]
HiBL

µνDνH
†i
(
NpCDµN r

)
Y
[

p
r

]
H†iBL

µνDνHi

(
NpCDµN r

)
Y [ p r ]BL

µνDµHi

(
NpCN r

)
DνH

†i

Y [ p r ] iHiBLλ
µDνH

†i
(
Npσ

λνCDµN r

)
Y [ p r ] iH†iBLλ

µDνHi

(
Npσ

λνCDµN r

)
(4.236)
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Class FLFR
2ψ2: 6 types

OGLGR2N̄2(0,−2) Y
[

p
r

]
idABCGAL µνG

B
RλρG

C
R
λρ
(
Npσ

µνCN r

)
(4.237)

OBRGLGRN̄2(0,−2) Y
[

p
r

]
iBRλρG

A
L µνG

A
R
λρ
(
Npσ

µνCN r

)
(4.238)

OBRWLWRN̄2(0,−2) Y
[

p
r

]
iBRλρW

I
LµνW

I
R
λρ
(
Npσ

µνCN r

)
(4.239)

OBLGR2N̄2(0,−2) Y
[

p
r

]
iBLµνG

A
RλρG

A
R
λρ
(
Npσ

µνCN r

)
(4.240)

OBLWR2N̄2(0,−2) Y
[

p
r

]
iBLµνW

I
RλρW

I
R
λρ
(
Npσ

µνCN r

)
(4.241)

OBLBR2N̄2(0,−2) Y
[

p
r

]
iBLµνBRλρBR

λρ
(
Npσ

µνCN r

)
(4.242)

Class FRψ
2φ2D2: 4 types

O(1,2)
WRēN̄H†2D2(0,−2) iεjk

(
τ I
)k
i
H†iW I

R
µ
λDµDνH

†j
(
epσ

νλCN r

)
iεjk

(
τ I
)k
i
DµH

†iDνH
†jW I

Rλ
µ
(
epσ

λνCN r

) (4.243)

O(1,2)
BRēN̄H†2D2(0,−2) εijBR

µνDµH
†iDνH

†j
(
epCN r

)
iεijH

†iBR
µ
λDµDνH

†j
(
epσ

νλCN r

) (4.244)

O(1∼4)
WRN̄2HH†D2(0,−2)

Y
[

p
r

]
i
(
τ I
)i
j
HiW

I
R
µ
λDµDνH

†j
(
Npσ

νλCN r

)
Y
[

p
r

]
i
(
τ I
)i
j
H†jDµDνHiW

I
R
µ
λ

(
Npσ

νλCN r

)
Y
[

p
r

]
i
(
τ I
)i
j
DµHiDνH

†jW I
Rλ

µ
(
Npσ

λνCN r

)
Y [ p r ]

(
τ I
)i
j
DµHi

(
NpCN r

)
DνH

†jW I
R
µν

(4.245)

O(1∼4)
BRN̄2HH†D2(0,−2)

Y
[

p
r

]
iHiBR

µ
λDµDνH

†i
(
Npσ

νλCN r

)
Y
[

p
r

]
iH†iBR

µ
λDµDνHi

(
Npσ

νλCN r

)
Y
[

p
r

]
iBRλ

µDµHiDνH
†i
(
Npσ

λνCN r

)
Y [ p r ]BR

µνDµHi

(
NpCN r

)
DνH

†i

(4.246)

Class ψψ†φ3D3: 1 type

O(1∼10)
lNH2H†D3(0, 2)

iεikHjHkDµDνH
†j (lpiCγνDµNr)

εikHjDµHkDνH
†jελµνρ (lpiCγρDλNr)

εijHjDµHkDνH
†kελµνρ (lpiCγρDλNr)

iεikHjDµHkDνH
†j (lpiCγνDµNr)

iεikHjDµHkDνD
µH†j (lpiCγνNr)

iεijHjDµHkDνD
µH†k (lpiCγνNr)

iεikHjH
†jDµDνHk (lpiCγνDµNr)

iεijHjH
†kDµDνHk (lpiCγνDµNr)

iεikHjDµDνHkD
µH†j (lpiCγνNr)

iεijHjDµDνHkD
µH†k (lpiCγνNr)

(4.247)

– 34 –



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

Class FLFRψψ
†φD: 5 types

O(1,2)
GLGRlNHD

(0, 2)
iεijHjG

A
L
µ
νG

A
R
ν
λ

(
lpiCγ

λDµNr

)
iεijDµHjG

A
L
µ
νG

A
R
ν
λ

(
lpiCγ

λNr

) (4.248)

O(1∼4)
WLWRlNHD

(0, 2)

i
(
τ I
)j
m

(
τJ
)i
k
εkmHjW

I
L
µ
νW

J
R
ν
λ

(
lpiCγ

λDµNr

)
i
(
τ I
)i
m

(
τJ
)j
k
εkmHjW

I
L
µ
νW

J
R
ν
λ

(
lpiCγ

λDµNr

)
i
(
τ I
)j
m

(
τJ
)i
k
εkmDµHjW

I
L
µ
νW

J
R
ν
λ

(
lpiCγ

λNr

)
i
(
τ I
)i
m

(
τJ
)j
k
εkmDµHjW

I
L
µ
νW

J
R
ν
λ

(
lpiCγ

λNr

)
(4.249)

O(1,2)
BRWLlNHD

(0, 2)
i
(
τ I
)i
k
εjkHjBR

ν
λW

I
L
µ
ν

(
lpiCγ

λDµNr

)
i
(
τ I
)i
k
εjkBR

ν
λDµHjW

I
L
µ
ν

(
lpiCγ

λNr

) (4.250)

O(1,2)
BRWL l̄N̄H†D

(0,−2) iεjk
(
τ I
)k
i
H†iBR

ν
λW

I
L
µ
ν

(
Npγ

λCDµlr
j
)

iεjk
(
τ I
)k
i
BR

ν
λDµH

†iW I
L
µ
ν

(
Npγ

λClr
j
) (4.251)

O(1,2)
BLBRlNHD

(0, 2)
iεijHjBL

µ
νBR

ν
λ

(
lpiCγ

λDµNr

)
iεijBL

µ
νBR

ν
λDµHj

(
lpiCγ

λNr

) (4.252)

Class FL
2ψ2φ2: 6 types

OGL2N̄2HH†(0,−2) Y [ p r ]HiH
†i
(
NpCN r

)
GAL µνG

A
L
µν (4.253)

OWL2ēN̄H†2(0,−2) iεkm
(
τ I
)m
j

(
τJ
)k
i
H†iH†jW I

LµνW
J
L
µ
λ

(
epσ

νλCN r

)
(4.254)

O(1,2)
WL2N̄2HH†

(0,−2) Y [ p r ]HiH
†i
(
NpCN r

)
W I

LµνW
I
L
µν

Y
[

p
r

]
i
(
τK
)i
j
εIJKHiH

†jW I
LµνW

J
L
µ
λ

(
Npσ

νλCN r

) (4.255)

O(1,2)
BLWLēN̄H†2(0,−2) εjk

(
τ I
)k
i
BLµνH

†iH†jW I
L
µν
(
epCN r

)
iεjk

(
τ I
)k
i
BLµνH

†iH†jW I
L
µ
λ

(
epσ

νλCN r

) (4.256)

O(1,2)
BLWLN̄2HH†

(0,−2) Y
[

p
r

]
i
(
τ I
)i
j
HiBLµνH

†jW I
L
µ
λ

(
Npσ

νλCN r

)
Y [ p r ]

(
τ I
)i
j
HiBLµνH

†j
(
NpCN r

)
W I

L
µν

(4.257)

OBL2N̄2HH†(0,−2) Y [ p r ]HiBLµνH
†iBL

µν
(
NpCN r

)
(4.258)

Class FL
2ψ†2φ2: 5 types

OGL2N2HH†(0, 2) Y [ p r ]HiH
†i (NpCNr)GAL µνGAL µν (4.259)

OWL2N2HH†(0, 2) Y [ p r ]HiH
†i (NpCNr)W I

LµνW
I
L
µν (4.260)

OBLWLeNH2(0, 2)
(
τ I
)i
k
εjkHiHjBLµν (epCNr)W I

L
µν (4.261)

OBLWLN2HH†(0, 2) Y [ p r ]
(
τ I
)i
j
HiBLµνH

†j (NpCNr)W I
L
µν (4.262)

OBL2N2HH†(0, 2) Y [ p r ]HiBLµνH
†iBL

µν (NpCNr) (4.263)
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Class FLψψ
†φ3D: 4 types

O(1∼5)
WLlNH2H†D

(0, 2)

i
(
τ I
)j
n
εknHjHkDµH

†iW I
L
µ
ν (lpiCγνNr)

i
(
τ I
)i
n
εknHjHkDµH

†jW I
L
µ
ν (lpiCγνNr)

i
(
τ I
)j
n
εknHjH

†iDµHkW
I
L
µ
ν (lpiCγνNr)

i
(
τ I
)i
n
εknHjH

†jDµHkW
I
L
µ
ν (lpiCγνNr)

i
(
τ I
)i
n
εjnHjH

†kDµHkW
I
L
µ
ν (lpiCγνNr)

(4.264)

O(1∼5)
WL l̄N̄HH†2D

(0,−2)

iεkn
(
τ I
)n
j
HiH

†jDµH
†kW I

L
µ
ν

(
Npγ

νClr
i
)

iεkn
(
τ I
)n
m
HiH

†iDµH
†kW I

L
µ
ν

(
Npγ

νClr
m
)

iεmn
(
τ I
)n
j
HiH

†jDµH
†iW I

L
µ
ν

(
Npγ

νClr
m
)

iεkn
(
τ I
)n
j
H†jH†kDµHiW

I
L
µ
ν

(
Npγ

νClr
i
)

iεkn
(
τ I
)n
m
H†iH†kDµHiW

I
L
µ
ν

(
Npγ

νClr
m
)

(4.265)

O(1∼3)
BLlNH2H†D

(0, 2)
iεikHjHkBL

µ
νDµH

†j (lpiCγνNr)
iεikHjH

†jBL
µ
νDµHk (lpiCγνNr)

iεijHjH
†kBL

µ
νDµHk (lpiCγνNr)

(4.266)

O(1∼3)
BL l̄N̄HH†2D

(0,−2)
iεkmHiH

†iBL
µ
νDµH

†k
(
Npγ

νClr
m
)

iεjkHiH
†jBL

µ
νDµH

†k
(
Npγ

νClr
i
)

iεkmH
†iH†kBL

µ
νDµHi

(
Npγ

νClr
m
) (4.267)

Class ψ2φ4D2: 2 types

O(1∼4)
ēN̄HH†3D2(0,−2)

εjmHiH
†jDµH

†iDµH†m
(
epCN r

)
εjmH

†iH†jDµHiD
µH†m

(
epCN r

)
iεjmHiH

†jDµH
†iDνH

†m
(
epσ

µνCN r

)
iεjmH

†iH†jDµHiDνH
†m
(
epσ

µνCN r

) (4.268)

O(1∼6)
N̄2H2H†2D2(0,−2)

Y
[

p
r

]
iHiH

†iDµHjDνH
†j
(
Npσ

µνCN r

)
Y
[

p
r

]
iHiH

†jDµHjDνH
†i
(
Npσ

µνCN r

)
Y [ p r ]HiHj

(
NpCN r

)
DµH

†iDµH†j

Y [ p r ]HiH
†iDµHj

(
NpCN r

)
DµH†j

Y [ p r ]HiH
†jDµHj

(
NpCN r

)
DµH†i

Y [ p r ]H†iH†jDµHi

(
NpCN r

)
DµHj

(4.269)

Class FLψ
2φ4: 3 types

OWLēN̄HH†3(0,−2) iεmn
(
τ I
)n
k
HiH

†iH†kH†mW I
Lµν

(
epσ

µνCN r

)
(4.270)

OWLN̄2H2H†2(0,−2) Y
[

p
r

]
i
(
τ I
)j
m
HiHjH

†iH†mW I
Lµν

(
Npσ

µνCN r

)
(4.271)

OBLN̄2H2H†2(0,−2) Y
[

p
r

]
iHiHjBLµνH

†iH†j
(
Npσ

µνCN r

)
(4.272)
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Class ψψ†φ5D: 1 type

O(1,2)
lNH3H†2D

(0, 2)
iεimHjHkHmH

†jDµH†k (lpiCγµNr)
iεimHjHkH

†jH†kDµHm (lpiCγµNr)
(4.273)

Class ψ2φ6: 1 type

ON̄2H3H†3(0,−2) Y [ p r ]HiHjHkH
†iH†jH†k

(
NpCN r

)
(4.274)

4.5.2 Classes involving four-fermions

Class ψ3ψ†D3: 12 types

O(1,2)
dN̄q2D3(1,−1) Y

[
r
s

]
iεabcεij

(
NpDµDνqsbj

)
(qraiCγνDµdtc)

Y [ r s ] iεabcεij
(
NpDµDνqsbj

)
(qraiCγνDµdtc)

(4.275)

O(1,2)
l̄N̄qūD3(0,−2) i

(
NpCDµDνus

a
) (
Dµlt

iγνqrai
)

i (Dνus
aDµqrai)

(
Npγ

νCDµlt
i
) (4.276)

O(1,2)
d̄lNqD3(0, 2) iε

ij
(
dp
aDµDνqsaj

)
(lriCγνDµNt)

iεij
(
dp
aγνDµNt

)
(DµlriCDνqsaj)

(4.277)

O(1,2)
N̄2qq̄D3(0,−2) Y

[
p
r

]
i
(
NpDµDνqsai

) (
N rγ

νCDµqait

)
Y [ p r ] i

(
DµN rDνqsai

) (
Npγ

νCDµqait

) (4.278)

O(1,2)
d̄2NūD3(−1, 1)

Y [ p r ] iεabc
(
dr
bγνDµNt

) (
dp
aCDµDνus

c
)

Y
[

p
r

]
iεabc

(
dp
aγνDµNt

) (
Dµdr

bCDνus
c
) (4.279)

O(1,2)
dēN̄ūD3(0,−2)

i (epCDµDνus
a)
(
N rγ

νDµdta
)

i
(
DµN rCDνus

a
)

(epγνDµdta)
(4.280)

O(1,2)
N̄2ūuD3(0,−2)

Y
[

p
r

]
i
(
NpCDµDνus

a
) (
N rγ

νDµuta
)

Y [ p r ] i
(
DµN rCDνus

a
) (
Npγ

νDµuta
) (4.281)

O(1,2)
d̄dN̄2D3(0,−2)

Y
[

r
s

]
i
(
dp
aCDµDνN s

) (
N rγ

νDµdta
)

Y [ r s ] i
(
dp
aCDµDνN s

) (
N rγ

νDµdta
) (4.282)

O(1,2)
ēl2ND3(0, 2)

Y [ r s ] iεij (epDµDν lsj) (lriCγνDµNt)
Y
[

r
s

]
iεij (epDµDν lsj) (lriCγνDµNt)

(4.283)

O(1,2)
ll̄N̄2D3(0,−2)

Y
[

r
s

]
i
(
DµDνN slpi

) (
N rγ

νCDµlt
i
)

Y [ r s ] i
(
DµDνN slpi

) (
N rγ

νCDµlt
i
) (4.284)

O(1,2)
ēeN̄2D3(0,−2)

Y
[

r
s

]
i
(
epCDµDνN s

) (
N rγ

νDµet
)

Y [ r s ] i
(
epCDµDνN s

) (
N rγ

νDµet
) (4.285)

ON̄3ND3(0,−2) Y
[

p r
s

]
i
(
NpCDµDνN s

) (
N rγ

νDµNt

)
(4.286)
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Class FLψ
3ψ†D: 26 types

O(1∼8)
GLdN̄q2D

(1,−1)

Y [ r s ] i
(
λA
)b
e
εaceεijGAL

µ
ν

(
Npγ

νdtc
)

(qraiCDµqsbj)
Y [ r s ] i

(
λA
)a
e
εbceεijGAL

µ
ν

(
Npγ

νdtc
)

(qraiCDµqsbj)

Y [ r s ] i
(
λA
)b
e
εaceεijGAL

µ
ν

(
Npqsbj

)
(DµqraiCγ

νdtc)
Y [ r s ] i

(
λA
)a
e
εbceεijGAL

µ
ν

(
Npqsbj

)
(DµqraiCγ

νdtc)

Y
[

r
s

]
i
(
λA
)b
e
εaceεijGAL

µ
ν

(
Npγ

νdtc
)

(qraiCDµqsbj)
Y
[

r
s

]
i
(
λA
)a
e
εbceεijGAL

µ
ν

(
Npγ

νdtc
)

(qraiCDµqsbj)

Y
[

r
s

]
i
(
λA
)b
e
εaceεijGAL

µ
ν

(
Npqsbj

)
(DµqraiCγ

νdtc)
Y
[

r
s

]
i
(
λA
)a
e
εbceεijGAL

µ
ν

(
Npqsbj

)
(DµqraiCγ

νdtc)

(4.287)

O(1∼4)
GL l̄N̄qūD

(0,−2)

i
(
λA
)a
b
GAL

µ
ν

(
Npγ

νClt
i
) (
Dµus

bqrai
)

i
(
λA
)a
b
GAL

µ
ν

(
Npγ

νClt
i
) (
us
bDµqrai

)
i
(
λA
)a
b
GAL

µ
ν

(
NpCus

b
) (
lt
iγνDµqrai

)
i
(
λA
)a
b
GAL

µ
ν

(
lt
iγνqrai

) (
NpCDµus

b
) (4.288)

O(1∼4)
GLd̄lNqD

(0, 2)

i
(
λA
)b
a
εijGAL

µ
ν

(
dp
aγνNt

)
(lriCDµqsbj)

i
(
λA
)b
a
εijGAL

µ
ν

(
dp
aγνNt

)
(DµlriCqsbj)

i
(
λA
)b
a
εijGAL

µ
ν

(
dp
aqsbj

)
(DµlriCγ

νNt)

i
(
λA
)b
a
εijGAL

µ
ν (lriCγνNt)

(
dp
aDµqsbj

)
(4.289)

O(1∼4)
GLN̄2qq̄D

(0,−2)

Y
[

p
r

]
i
(
λA
)a
b
GAL

µ
ν

(
N rDµqsai

) (
Npγ

νCqbit

)
Y
[

p
r

]
i
(
λA
)a
b
GAL

µ
ν

(
DµN rqsai

) (
Npγ

νCqbit

)
Y [ p r ] i

(
λA
)a
b
GAL

µ
ν

(
N rDµqsai

) (
Npγ

νCqbit

)
Y [ p r ] i

(
λA
)a
b
GAL

µ
ν

(
DµN rqsai

) (
Npγ

νCqbit

) (4.290)

O(1∼8)
GLd̄2NūD

(−1, 1)

Y
[

p
r

]
iεace

(
λA
)e
b
GAL

µ
ν

(
dp
aγνNt

) (
dr
bCDµus

c
)

Y
[

p
r

]
iεabe

(
λA
)e
c
GAL

µ
ν

(
dp
aγνNt

) (
dr
bCDµus

c
)

Y
[

p
r

]
iεace

(
λA
)e
b
GAL

µ
ν

(
dp
aγνNt

) (
Dµdr

bCus
c
)

Y
[

p
r

]
iεabe

(
λA
)e
c
GAL

µ
ν

(
dp
aγνNt

) (
Dµdr

bCus
c
)

Y [ p r ] iεace
(
λA
)e
b
GAL

µ
ν

(
dp
aγνNt

) (
dr
bCDµus

c
)

Y [ p r ] iεabe
(
λA
)e
c
GAL

µ
ν

(
dp
aγνNt

) (
dr
bCDµus

c
)

Y [ p r ] iεace
(
λA
)e
b
GAL

µ
ν

(
dp
aγνNt

) (
Dµdr

bCus
c
)

Y [ p r ] iεabe
(
λA
)e
c
GAL

µ
ν

(
dp
aγνNt

) (
Dµdr

bCus
c
)

(4.291)

O(1∼4)
GLdēN̄ūD

(0,−2)

i
(
λA
)b
a
GAL

µ
ν (epγνdtb)

(
N rCDµus

a
)

i
(
λA
)b
a
GAL

µ
ν (epγνdtb)

(
DµN rCus

a
)

i
(
λA
)b
a
GAL

µ
ν (epCusa)

(
DµN rγ

νdtb
)

i
(
λA
)b
a
GAL

µ
ν

(
N rγ

νdtb
)

(epCDµus
a)

(4.292)
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O(1∼4)
GLN̄2ūuD

(0,−2)

Y
[

p
r

]
i
(
λA
)b
a
GAL

µ
ν

(
Npγ

νutb
) (
N rCDµus

a
)

Y
[

p
r

]
i
(
λA
)b
a
GAL

µ
ν

(
Npγ

νutb
) (
DµN rCus

a
)

Y [ p r ] i
(
λA
)b
a
GAL

µ
ν

(
Npγ

νutb
) (
N rCDµus

a
)

Y [ p r ] i
(
λA
)b
a
GAL

µ
ν

(
Npγ

νutb
) (
DµN rCus

a
)

(4.293)

O(1∼4)
GLd̄dN̄2D

(0,−2)

Y
[

r
s

]
i
(
λA
)b
a
GAL

µ
ν

(
N rCDµN s

) (
dp
aγνdtb

)
Y
[

r
s

]
i
(
λA
)b
a
GAL

µ
ν

(
dp
aCN s

) (
DµN rγ

νdtb
)

Y [ r s ] i
(
λA
)b
a
GAL

µ
ν

(
N rCDµN s

) (
dp
aγνdtb

)
Y [ r s ] i

(
λA
)b
a
GAL

µ
ν

(
dp
aCN s

) (
DµN rγ

νdtb
)

(4.294)

O(1∼4)
WLdN̄q2D

(1,−1)

Y [ r s ] i
(
τ I
)i
k
εabcεjkW I

L
µ
ν

(
Npγ

νdtc
)

(qraiCDµqsbj)

Y [ r s ] i
(
τ I
)i
k
εabcεjkW I

L
µ
ν

(
Npqsbj

)
(DµqraiCγ

νdtc)

Y
[

r
s

]
i
(
τ I
)i
k
εabcεjkW I

L
µ
ν

(
Npγ

νdtc
)

(qraiCDµqsbj)

Y
[

r
s

]
i
(
τ I
)i
k
εabcεjkW I

L
µ
ν

(
Npqsbj

)
(DµqraiCγ

νdtc)

(4.295)

O(1∼4)
WL l̄N̄qūD

(0,−2)

i
(
τ I
)i
j
W I

L
µ
ν (Dµus

aqrai)
(
Npγ

νClt
j
)

i
(
τ I
)i
j
W I

L
µ
ν (usaDµqrai)

(
Npγ

νClt
j
)

i
(
τ I
)i
j
W I

L
µ
ν

(
NpCus

a
) (
lt
jγνDµqrai

)
i
(
τ I
)i
j
W I

L
µ
ν

(
NpCDµus

a
) (
lt
jγνqrai

)
(4.296)

O(1∼4)
WLd̄lNqD

(0, 2)

i
(
τ I
)i
k
εjkW I

L
µ
ν

(
dp
aγνNt

)
(lriCDµqsaj)

i
(
τ I
)i
k
εjkW I

L
µ
ν

(
dp
aγνNt

)
(DµlriCqsaj)

i
(
τ I
)i
k
εjkW I

L
µ
ν

(
dp
aqsaj

)
(DµlriCγ

νNt)

i
(
τ I
)i
k
εjkW I

L
µ
ν (lriCγνNt)

(
dp
aDµqsaj

)
(4.297)

O(1∼4)
WLN̄2qq̄D

(0,−2)

Y
[

p
r

]
i
(
τ I
)i
j
W I

L
µ
ν

(
N rDµqsai

) (
Npγ

νCqajt

)
Y
[

p
r

]
i
(
τ I
)i
j
W I

L
µ
ν

(
DµN rqsai

) (
Npγ

νCqajt

)
Y [ p r ] i

(
τ I
)i
j
W I

L
µ
ν

(
N rDµqsai

) (
Npγ

νCqajt

)
Y [ p r ] i

(
τ I
)i
j
W I

L
µ
ν

(
DµN rqsai

) (
Npγ

νCqajt

)
(4.298)

O(1∼4)
WLēl2ND

(0, 2)

Y
[

r
s

]
i
(
τ I
)i
k
εjkW I

L
µ
ν (epγνNt) (lriCDµlsj)

Y
[

r
s

]
i
(
τ I
)i
k
εjkW I

L
µ
ν (eplsj) (DµlriCγ

νNt)

Y [ r s ] i
(
τ I
)i
k
εjkW I

L
µ
ν (epγνNt) (lriCDµlsj)

Y [ r s ] i
(
τ I
)i
k
εjkW I

L
µ
ν (eplsj) (DµlriCγ

νNt)

(4.299)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼4)
WLll̄N̄2D

(0,−2)

Y
[

r
s

]
i
(
τ I
)i
j
W I

L
µ
ν

(
N rCDµN s

) (
lt
jγν lpi

)
Y
[

r
s

]
i
(
τ I
)i
j
W I

L
µ
ν

(
N slpi

) (
DµN rγ

νClt
j
)

Y [ r s ] i
(
τ I
)i
j
W I

L
µ
ν

(
N rCDµN s

) (
lt
jγν lpi

)
Y [ r s ] i

(
τ I
)i
j
W I

L
µ
ν

(
N slpi

) (
DµN rγ

νClt
j
)

(4.300)

O(1∼4)
BLdN̄q2D

(1,−1)

Y
[

r
s

]
iεabcεijBL

µ
ν

(
Npγ

νdtc
)

(qraiCDµqsbj)
Y
[

r
s

]
iεabcεijBL

µ
ν

(
Npqsbj

)
(DµqraiCγ

νdtc)
Y [ r s ] iεabcεijBL

µ
ν

(
Npγ

νdtc
)

(qraiCDµqsbj)
Y [ r s ] iεabcεijBL

µ
ν

(
Npqsbj

)
(DµqraiCγ

νdtc)

(4.301)

O(1∼4)
BL l̄N̄qūD

(0,−2)

iBL
µ
ν (Dµus

aqrai)
(
Npγ

νClt
i
)

iBL
µ
ν (usaDµqrai)

(
Npγ

νClt
i
)

iBL
µ
ν

(
NpCus

a
) (
lt
iγνDµqrai

)
iBL

µ
ν

(
NpCDµus

a
) (
lt
iγνqrai

) (4.302)

O(1∼4)
BLd̄lNqD

(0, 2)

iεijBL
µ
ν

(
dp
aγνNt

)
(lriCDµqsaj)

iεijBL
µ
ν

(
dp
aγνNt

)
(DµlriCqsaj)

iεijBL
µ
ν

(
dp
aqsaj

)
(DµlriCγ

νNt)
iεijBL

µ
ν (lriCγνNt)

(
dp
aDµqsaj

) (4.303)

O(1∼4)
BLN̄2qq̄D

(0,−2)

Y
[

p
r

]
iBL

µ
ν

(
N rDµqsai

) (
Npγ

νCqait

)
Y
[

p
r

]
iBL

µ
ν

(
DµN rqsai

) (
Npγ

νCqait

)
Y [ p r ] iBL

µ
ν

(
N rDµqsai

) (
Npγ

νCqait

)
Y [ p r ] iBL

µ
ν

(
DµN rqsai

) (
Npγ

νCqait

) (4.304)

O(1∼4)
BLd̄2NūD

(−1, 1)

Y [ p r ] iεabcBL
µ
ν

(
dp
aγνNt

) (
dr
bCDµus

c
)

Y [ p r ] iεabcBL
µ
ν

(
dp
aγνNt

) (
Dµdr

bCus
c
)

Y
[

p
r

]
iεabcBL

µ
ν

(
dp
aγνNt

) (
dr
bCDµus

c
)

Y
[

p
r

]
iεabcBL

µ
ν

(
dp
aγνNt

) (
Dµdr

bCus
c
) (4.305)

O(1∼4)
BLdēN̄ūD

(0,−2)

iBL
µ
ν (epγνdta)

(
N rCDµus

a
)

iBL
µ
ν (epγνdta)

(
DµN rCus

a
)

iBL
µ
ν (epCusa)

(
DµN rγ

νdta
)

iBL
µ
ν

(
N rγ

νdta
)

(epCDµus
a)

(4.306)

O(1∼4)
BLN̄2ūuD

(0,−2)

Y
[

p
r

]
iBL

µ
ν

(
Npγ

νuta
) (
N rCDµus

a
)

Y
[

p
r

]
iBL

µ
ν

(
Npγ

νuta
) (
DµN rCus

a
)

Y [ p r ] iBL
µ
ν

(
Npγ

νuta
) (
N rCDµus

a
)

Y [ p r ] iBL
µ
ν

(
Npγ

νuta
) (
DµN rCus

a
) (4.307)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼4)
BLd̄dN̄2D

(0,−2)

Y
[

r
s

]
iBL

µ
ν

(
N rCDµN s

) (
dp
aγνdta

)
Y
[

r
s

]
iBL

µ
ν

(
dp
aCN s

) (
DµN rγ

νdta
)

Y [ r s ] iBL
µ
ν

(
N rCDµN s

) (
dp
aγνdta

)
Y [ r s ] iBL

µ
ν

(
dp
aCN s

) (
DµN rγ

νdta
) (4.308)

O(1∼4)
BLēl2ND

(0, 2)

Y [ r s ] iεijBL
µ
ν (epγνNt) (lriCDµlsj)

Y [ r s ] iεijBL
µ
ν (eplsj) (DµlriCγ

νNt)
Y
[

r
s

]
iεijBL

µ
ν (epγνNt) (lriCDµlsj)

Y
[

r
s

]
iεijBL

µ
ν (eplsj) (DµlriCγ

νNt)

(4.309)

O(1∼4)
BLll̄N̄2D

(0,−2)

Y
[

r
s

]
iBL

µ
ν

(
N rCDµN s

) (
lt
iγν lpi

)
Y
[

r
s

]
iBL

µ
ν

(
N slpi

) (
DµN rγ

νClt
i
)

Y [ r s ] iBL
µ
ν

(
N rCDµN s

) (
lt
iγν lpi

)
Y [ r s ] iBL

µ
ν

(
N slpi

) (
DµN rγ

νClt
i
) (4.310)

O(1∼4)
BLēeN̄2D

(0,−2)

Y
[

r
s

]
iBL

µ
ν (epγνet)

(
N rCDµN s

)
Y
[

r
s

]
iBL

µ
ν

(
epCN s

) (
DµN rγ

νet
)

Y [ r s ] iBL
µ
ν (epγνet)

(
N rCDµN s

)
Y [ r s ] iBL

µ
ν

(
epCN s

) (
DµN rγ

νet
) (4.311)

O(1∼3)
BLN̄3ND

(0,−2)
Y
[

p
r
s

]
iBL

µ
ν

(
Npγ

νNt

) (
N rCDµN s

)
Y
[

p r
s

]
iBL

µ
ν

(
Npγ

νNt

) (
DµN rCN s

)
Y [ p r s ] iBL

µ
ν

(
Npγ

νNt

) (
N rCDµN s

) (4.312)

Class ψ4φD2: 6 types

O(1∼13)
N̄q3H†D2(1,−1)

Y
[

r s
t

]
εabcεikH†j

(
Npqrai

)
(DµqsbjCD

µqtck)
Y
[

r s
t

]
εabcεijH†k

(
Npqrai

)
(DµqsbjCD

µqtck)
Y
[

r s
t

]
εabcεikDµH†j

(
Npqrai

)
(DµqsbjCqtck)

Y
[

r s
t

]
εabcεijDµH†k

(
Npqrai

)
(DµqsbjCqtck)

Y
[

r s
t

]
εabcεikDµH†j

(
Npqrai

)
(qsbjCDµqtck)

Y
[

r s
t

]
εabcεijDµH†k

(
Npqrai

)
(qsbjCDµqtck)

Y
[

r s
t

]
iεabcεikDνH

†j (qraiCDµqsbj)
(
Npσ

µνqtck
)

Y [ r s t ] εabcεikH†j
(
Npqrai

)
(DµqsbjCD

µqtck)
Y [ r s t ] εabcεikDµH†j

(
Npqrai

)
(DµqsbjCqtck)

Y [ r s t ] εabcεijDµH†k
(
Npqrai

)
(DµqsbjCqtck)

Y
[

r
s
t

]
εabcεikH†j

(
Npqrai

)
(DµqsbjCD

µqtck)

Y
[

r
s
t

]
εabcεikDµH†j

(
Npqrai

)
(DµqsbjCqtck)

Y
[

r
s
t

]
εabcεijDµH†k

(
Npqrai

)
(DµqsbjCqtck)

(4.313)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼10)
ēN̄qūH†D2(0,−2)

H†i
(
epCN r

)
(Dµut

aDµqsai)
DµH†i

(
epCN r

)
(utaDµqsai)

DµH†i
(
epCN r

)
(Dµut

aqsai)
H†i (epqsai)

(
DµN rCD

µut
a
)

DµH†i (epqsai)
(
DµN rCut

a
)

iDνH
†i
(
N rDµqsai

)
(epσµνCuta)

DµH†i (epCuta)
(
N rDµqsai

)
DµH†i (epqsai)

(
N rCDµut

a
)

iDνH
†i
(
N rCDµut

a
)

(epσµνqsai)
iH†i

(
epσ

µνCN r

)
(Dνut

aDµqsai)

(4.314)

O(1∼10)
N̄2qūHD2(0,−2)

Y
[

p
r

]
εijHj

(
Npqsai

) (
DµN rCD

µut
a
)

Y
[

p
r

]
εijDµHj

(
Npqsai

) (
DµN rCut

a
)

Y
[

p
r

]
iεijDνHj

(
N rDµqsai

) (
Npσ

µνCut
a
)

Y
[

p
r

]
εijDµHj

(
NpCut

a
) (
N rDµqsai

)
Y
[

p
r

]
εijDµHj

(
Npqsai

) (
N rCDµut

a
)

Y [ p r ] εijHj

(
NpCN r

)
(Dµut

aDµqsai)
Y [ p r ] εij

(
NpCN r

)
DµHj (utaDµqsai)

Y [ p r ] εij
(
NpCN r

)
DµHj (Dµut

aqsai)
Y [ p r ] εijHj

(
Npqsai

) (
DµN rCD

µut
a
)

Y [ p r ] εijDµHj

(
Npqsai

) (
DµN rCut

a
)

(4.315)

O(1∼10)
d̄N̄2qH†D2(0,−2)

Y
[

r
s

]
H†i

(
dp
aCN r

) (
DµN sD

µqtai
)

Y
[

r
s

]
DµH†i

(
dp
aCN r

) (
DµN sqtai

)
Y
[

r
s

]
DµH†i

(
dp
aCN r

) (
N sDµqtai

)
Y
[

r
s

]
iDνH

†i
(
N rCDµN s

) (
dp
aσµνqtai

)
Y
[

r
s

]
DµH†i

(
N rCDµN s

) (
dp
aqtai

)
Y [ r s ]H†i

(
dp
aCN r

) (
DµN sD

µqtai
)

Y [ r s ]DµH†i
(
dp
aCN r

) (
DµN sqtai

)
Y [ r s ]DµH†i

(
dp
aCN r

) (
N sDµqtai

)
Y [ r s ] iDνH

†i
(
N rCDµN s

) (
dp
aσµνqtai

)
Y [ r s ] iH†i

(
DµN sDνqtai

) (
dp
aσµνCN r

)

(4.316)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼10)
ēlN̄2H†D2(0,−2)

Y
[

s
t

]
DµH†i (eplri)

(
DµN sCN t

)
Y
[

s
t

]
H†i

(
epCN s

) (
DµN tDµlri

)
Y
[

s
t

]
DµH†i

(
epCN s

) (
N tDµlri

)
Y
[

s
t

]
iDνH

†i
(
DµN slri

) (
epσ

µνCN t

)
Y
[

s
t

]
DµH†i

(
epCN t

) (
DµN slri

)
Y [ s t ]H†i (eplri)

(
DµN sCD

µN t

)
Y [ s t ]DµH†i (eplri)

(
DµN sCN t

)
Y [ s t ]H†i

(
epCN s

) (
DµN tDµlri

)
Y [ s t ]DµH†i

(
epCN s

) (
N tDµlri

)
Y [ s t ] iDνH

†i
(
DµN slri

) (
epσ

µνCN t

)

(4.317)

O(1∼7)
lN̄3HD2(0,−2)

Y
[

r
s
t

]
εijDµHj

(
N rlpi

) (
DµN sCN t

)
Y
[

r
s
t

]
iεijDνHj

(
N rCDµN s

) (
N tσ

µν lpi
)

Y
[

r s
t

]
εijHj

(
N rlpi

) (
DµN sCD

µN t

)
Y
[

r s
t

]
εijDµHj

(
N rlpi

) (
DµN sCN t

)
Y
[

r s
t

]
εijDµHj

(
N rlpi

) (
N sCDµN t

)
Y [ r s t ] εijHj

(
N rlpi

) (
DµN sCD

µN t

)
Y [ r s t ] εijDµHj

(
N rlpi

) (
DµN sCN t

)

(4.318)

Class FRψ
3ψ†D: 26 types

O(1∼6)
GRdN̄q2D

(1,−1)

Y [ r s ] i
(
λA
)a
e
εbceεijGAR

µ
ν

(
Npqrai

)
(qsbjCγνDµdtc)

Y [ r s ] i
(
λA
)c
e
εabeεijGAR

µ
ν

(
Npqrai

)
(qsbjCγνDµdtc)

Y [ r s ] i
(
λA
)a
e
εbceεijGAR

µ
ν

(
Npγ

νdtc
)

(qraiCDµqsbj)
Y
[

r
s

]
i
(
λA
)a
e
εbceεijGAR

µ
ν

(
Npqrai

)
(qsbjCγνDµdtc)

Y
[

r
s

]
i
(
λA
)c
e
εabeεijGAR

µ
ν

(
Npqrai

)
(qsbjCγνDµdtc)

Y
[

r
s

]
i
(
λA
)a
e
εbceεijGAR

µ
ν

(
Npγ

νdtc
)

(qraiCDµqsbj)

(4.319)

O(1∼3)
WRdN̄q2D

(1,−1)
Y [ r s ] i

(
τ I
)j
k
εabcεikW I

R
µ
ν

(
Npqrai

)
(qsbjCγνDµdtc)

Y [ r s ] i
(
τ I
)j
k
εabcεikW I

R
µ
ν

(
Npγ

νdtc
)

(qraiCDµqsbj)

Y
[

r
s

]
i
(
τ I
)j
k
εabcεikW I

R
µ
ν

(
Npqrai

)
(qsbjCγνDµdtc)

(4.320)

O(1∼3)
BRdN̄q2D

(1,−1)
Y
[

r
s

]
iεabcεijBR

µ
ν

(
Npqrai

)
(qsbjCγνDµdtc)

Y
[

r
s

]
iεabcεijBR

µ
ν

(
Npγ

νdtc
)

(qraiCDµqsbj)
Y [ r s ] iεabcεijBR

µ
ν

(
Npqrai

)
(qsbjCγνDµdtc)

(4.321)

O(1∼3)
GR l̄N̄qūD

(0,−2)
i
(
λA
)a
b
GAR

µ
ν

(
Npqrai

) (
us
bγνCDµlt

i
)

i
(
λA
)a
b
GAR

µ
ν

(
NpCus

b
) (
Dµlt

iγνqrai
)

i
(
λA
)a
b
GAR

µ
ν

(
Npγ

νClt
i
) (
Dµus

bqrai
) (4.322)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼3)
WR l̄N̄qūD

(0,−2)
i
(
τ I
)i
j
W I

R
µ
ν

(
Npqrai

) (
us
aγνCDµlt

j
)

i
(
τ I
)i
j
W I

R
µ
ν

(
NpCus

a
) (
Dµlt

jγνqrai
)

i
(
τ I
)i
j
W I

R
µ
ν (Dµus

aqrai)
(
Npγ

νClt
j
) (4.323)

O(1∼3)
BR l̄N̄qūD

(0,−2)
iBR

µ
ν

(
Npqrai

) (
us
aγνCDµlt

i
)

iBR
µ
ν

(
NpCus

a
) (
Dµlt

iγνqrai
)

iBR
µ
ν (Dµus

aqrai)
(
Npγ

νClt
i
) (4.324)

O(1∼3)
GRd̄lNqD

(0, 2)
i
(
λA
)b
a
εijGAR

µ
ν

(
dp
alri
)

(qsbjCγνDµNt)

i
(
λA
)b
a
εijGAR

µ
ν

(
dp
aqsbj

)
(lriCγνDµNt)

i
(
λA
)b
a
εijGAR

µ
ν

(
dp
aγνNt

)
(lriCDµqsbj)

(4.325)

O(1∼3)
WRd̄lNqD

(0, 2)
i
(
τ I
)j
k
εikW I

R
µ
ν

(
dp
alri
)

(qsajCγνDµNt)

i
(
τ I
)j
k
εikW I

R
µ
ν

(
dp
aqsaj

)
(lriCγνDµNt)

i
(
τ I
)j
k
εikW I

R
µ
ν

(
dp
aγνNt

)
(lriCDµqsaj)

(4.326)

O(1∼3)
BRd̄lNqD

(0, 2)
iεijBR

µ
ν

(
dp
alri
)

(qsajCγνDµNt)
iεijBR

µ
ν

(
dp
aqsaj

)
(lriCγνDµNt)

iεijBR
µ
ν

(
dp
aγνNt

)
(lriCDµqsaj)

(4.327)

O(1∼3)
GRN̄2qq̄D

(0,−2)
Y
[

p
r

]
i
(
λA
)a
b
GAR

µ
ν

(
Npqsai

) (
N rγ

νCDµq
bi
t

)
Y
[

p
r

]
i
(
λA
)a
b
GAR

µ
ν

(
N rDµqsai

) (
Npγ

νCqbit

)
Y [ p r ] i

(
λA
)a
b

(
NpCN r

)
GAR

µ
ν

(
Dµq

bi
t γ

νqsai
) (4.328)

O(1∼3)
WRN̄2qq̄D

(0,−2)
Y
[

p
r

]
i
(
τ I
)i
j
W I

R
µ
ν

(
Npqsai

) (
N rγ

νCDµq
aj
t

)
Y
[

p
r

]
i
(
τ I
)i
j
W I

R
µ
ν

(
N rDµqsai

) (
Npγ

νCqajt

)
Y [ p r ] i

(
τ I
)i
j

(
NpCN r

)
W I

R
µ
ν

(
Dµq

aj
t γ

νqsai
) (4.329)

O(1∼3)
BRN̄2qq̄D

(0,−2)
Y
[

p
r

]
iBR

µ
ν

(
Npqsai

) (
N rγ

νCDµq
ai
t

)
Y
[

p
r

]
iBR

µ
ν

(
N rDµqsai

) (
Npγ

νCqait

)
Y [ p r ] iBR

µ
ν

(
NpCN r

) (
Dµq

ai
t γ

νqsai
) (4.330)

O(1∼6)
GRd̄2NūD

(−1, 1)

Y
[

p
r

]
iεace

(
λA
)e
b
GAR

µ
ν

(
dp
aCdr

b
)

(uscγνDµNt)
Y
[

p
r

]
iεace

(
λA
)e
b
GAR

µ
ν

(
dp
aCus

c
) (
dr
bγνDµNt

)
Y
[

p
r

]
iεace

(
λA
)e
b
GAR

µ
ν

(
dp
aγνNt

) (
dr
bCDµus

c
)

Y [ p r ] iεace
(
λA
)e
b
GAR

µ
ν

(
dp
aCdr

b
)

(uscγνDµNt)
Y [ p r ] iεace

(
λA
)e
b
GAR

µ
ν

(
dp
aCus

c
) (
dr
bγνDµNt

)
Y [ p r ] iεace

(
λA
)e
b
GAR

µ
ν

(
dp
aγνNt

) (
dr
bCDµus

c
)

(4.331)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼3)
BRd̄2NūD

(−1, 1)
Y [ p r ] iεabcBR

µ
ν

(
dp
aCus

c
) (
dr
bγνDµNt

)
Y [ p r ] iεabcBR

µ
ν

(
dp
aγνNt

) (
dr
bCDµus

c
)

Y
[

p
r

]
iεabcBR

µ
ν

(
dp
aCdr

b
)

(uscγνDµNt)
(4.332)

O(1∼3)
GRdēN̄ūD

(0,−2)
i
(
λA
)b
a
GAR

µ
ν

(
epCN r

)
(usaγνDµdtb)

i
(
λA
)b
a
GAR

µ
ν (epCusa)

(
N rγ

νDµdtb
)

i
(
λA
)b
a
GAR

µ
ν (epγνdtb)

(
N rCDµus

a
) (4.333)

O(1∼3)
BRdēN̄ūD

(0,−2)
iBR

µ
ν

(
epCN r

)
(usaγνDµdta)

iBR
µ
ν (epCusa)

(
N rγ

νDµdta
)

iBR
µ
ν (epγνdta)

(
N rCDµus

a
) (4.334)

O(1∼3)
GRN̄2ūuD

(0,−2)
Y
[

p
r

]
i
(
λA
)b
a
GAR

µ
ν

(
NpCus

a
) (
N rγ

νDµutb
)

Y
[

p
r

]
i
(
λA
)b
a
GAR

µ
ν

(
Npγ

νutb
) (
N rCDµus

a
)

Y [ p r ] i
(
λA
)b
a

(
NpCN r

)
GAR

µ
ν (usaγνDµutb)

(4.335)

O(1∼3)
BRN̄2ūuD

(0,−2)
Y
[

p
r

]
iBR

µ
ν

(
NpCus

a
) (
N rγ

νDµuta
)

Y
[

p
r

]
iBR

µ
ν

(
Npγ

νuta
) (
N rCDµus

a
)

Y [ p r ] iBR
µ
ν

(
NpCN r

)
(usaγνDµuta)

(4.336)

O(1∼3)
GRd̄dN̄2D

(0,−2)
Y
[

r
s

]
i
(
λA
)b
a
GAR

µ
ν

(
dp
aCN r

) (
N sγ

νDµdtb
)

Y
[

r
s

]
i
(
λA
)b
a
GAR

µ
ν

(
N rCDµN s

) (
dp
aγνdtb

)
Y [ r s ] i

(
λA
)b
a
GAR

µ
ν

(
dp
aCN r

) (
N sγ

νDµdtb
) (4.337)

O(1∼3)
BRd̄dN̄2D

(0,−2)
Y
[

r
s

]
iBR

µ
ν

(
dp
aCN r

) (
N sγ

νDµdta
)

Y
[

r
s

]
iBR

µ
ν

(
N rCDµN s

) (
dp
aγνdta

)
Y [ r s ] iBR

µ
ν

(
dp
aCN r

) (
N sγ

νDµdta
) (4.338)

O(1∼3)
WRēl2ND

(0, 2)
Y
[

r
s

]
i
(
τ I
)j
k
εikW I

R
µ
ν (eplri) (lsjCγνDµNt)

Y
[

r
s

]
i
(
τ I
)j
k
εikW I

R
µ
ν (epγνNt) (lriCDµlsj)

Y [ r s ] i
(
τ I
)j
k
εikW I

R
µ
ν (eplri) (lsjCγνDµNt)

(4.339)

O(1∼3)
BRēl2ND

(0, 2)
Y [ r s ] iεijBR

µ
ν (eplri) (lsjCγνDµNt)

Y [ r s ] iεijBR
µ
ν (epγνNt) (lriCDµlsj)

Y
[

r
s

]
iεijBR

µ
ν (eplri) (lsjCγνDµNt)

(4.340)

O(1∼3)
WRll̄N̄2D

(0,−2)
Y
[

r
s

]
i
(
τ I
)i
j
W I

R
µ
ν

(
N rlpi

) (
N sγ

νCDµlt
j
)

Y
[

r
s

]
i
(
τ I
)i
j
W I

R
µ
ν

(
N rCDµN s

) (
lt
jγν lpi

)
Y [ r s ] i

(
τ I
)i
j
W I

R
µ
ν

(
N rlpi

) (
N sγ

νCDµlt
j
) (4.341)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼3)
BRll̄N̄2D

(0,−2)
Y
[

r
s

]
iBR

µ
ν

(
N rlpi

) (
N sγ

νCDµlt
i
)

Y
[

r
s

]
iBR

µ
ν

(
N rCDµN s

) (
lt
iγν lpi

)
Y [ r s ] iBR

µ
ν

(
N rlpi

) (
N sγ

νCDµlt
i
) (4.342)

O(1∼3)
BRēeN̄2D

(0,−2)
Y
[

r
s

]
iBR

µ
ν

(
epCN r

) (
N sγ

νDµet
)

Y
[

r
s

]
iBR

µ
ν (epγνet)

(
N rCDµN s

)
Y [ r s ] iBR

µ
ν

(
epCN r

) (
N sγ

νDµet
) (4.343)

O(1,2)
BRN̄3ND

(0,−2) Y
[

p
r
s

]
iBR

µ
ν

(
Npγ

νNt

) (
N rCDµN s

)
Y
[

p r
s

]
iBR

µ
ν

(
NpCN r

) (
N sγ

νDµNt

) (4.344)

Class ψ2ψ†2φD2: 13 types

O(1∼7)
N2qūHD2(0, 2)

Y
[

s
t

]
εijDµHj (NsCD

µNt) (uraqpai)
Y
[

s
t

]
iεijHj (DµNsCDνNt) (uraσµνqpai)

Y
[

s
t

]
εijDµDνHj (uraγνNt) (qpaiCγµNs)

Y
[

s
t

]
iεijDµHj (NsCDνNt) (uraσµνqpai)

Y [ s t ] εijHj (DµNsCD
µNt) (uraqpai)

Y [ s t ] εijDµHj (NsCD
µNt) (uraqpai)

Y [ s t ] iεijDµHj (NsCDνNt) (uraσµνqpai)

(4.345)

O(1∼7)
d̄eNqHD2(0, 2)

εijHj

(
dp
aqrai

)
(DµesCD

µNt)
εijDµHj

(
dp
aqrai

)
(esCDµNt)

εijDµHj

(
dp
aqrai

)
(DµesCNt)

iεijHj (DµesCDνNt)
(
dp
aσµνqrai

)
εijDµDνHj

(
dp
aγµes

)
(qraiCγνNt)

iεijDµHj (esCDνNt)
(
dp
aσµνqrai

)
εijDµHj (qraiCγνNt)

(
dp
aγµDνes

)
(4.346)

O(1∼7)
d̄N2qH†D2(0, 2)

Y
[

s
t

]
DµH

†i (NsCD
µNt)

(
dp
aqrai

)
Y
[

s
t

]
iH†i (DµNsCDνNt)

(
dp
aσµνqrai

)
Y
[

s
t

]
DµDνH

†i
(
dp
aγµNs

)
(qraiCγνNt)

Y
[

s
t

]
iDµH

†i (NsCDνNt)
(
dp
aσµνqrai

)
Y [ s t ]H†i (DµNsCD

µNt)
(
dp
aqrai

)
Y [ s t ]DµH

†i (NsCD
µNt)

(
dp
aqrai

)
Y [ s t ] iDµH

†i (NsCDνNt)
(
dp
aσµνqrai

)
(4.347)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼14)
lNqq̄HD2(0, 2)

εikHk (lpiCqraj)
(
Dµqajt DµNs

)
εijHk (lpiCqraj)

(
Dµqakt DµNs

)
εikDµHk (lpiCqraj)

(
Dµqajt Ns

)
εijDµHk (lpiCqraj)

(
Dµqakt Ns

)
εikDµHk (lpiCqraj)

(
qajt D

µNs

)
εijDµHk (lpiCqraj)

(
qakt D

µNs

)
iεikHk

(
Dνq

aj
t DµNs

)
(lpiCσµνqraj)

iεijHk

(
Dνq

ak
t DµNs

)
(lpiCσµνqraj)

εikDµDνHk (lpiCγµNs)
(
qajt γ

νqraj
)

εijDµDνHk (lpiCγµNs)
(
qakt γ

νqraj
)

iεikDµHk

(
Dνq

aj
t Ns

)
(lpiCσµνqraj)

iεijDµHk

(
Dνq

ak
t Ns

)
(lpiCσµνqraj)

εikDµHk

(
qajt γ

νqraj
)

(lpiCγµDνNs)
εijDµHk

(
qakt γ

νqraj
)

(lpiCγµDνNs)

(4.348)

O(1∼7)
d2N̄qHD2(1,−1)

Y [ s t ] εabcεijDµHj

(
Npqrai

)
(dsbCDµdtc)

Y [ s t ] iεabcεijHj (DµdsbCDνdtc)
(
Npσ

µνqrai
)

Y [ s t ] εabcεijDµDνHj

(
Npγ

µdsb
)

(qraiCγνdtc)
Y [ s t ] iεabcεijDµHj (dsbCDνdtc)

(
Npσ

µνqrai
)

Y
[

s
t

]
εabcεijHj

(
Npqrai

)
(DµdsbCD

µdtc)
Y
[

s
t

]
εabcεijDµHj

(
Npqrai

)
(dsbCDµdtc)

Y
[

s
t

]
iεabcεijDµHj (dsbCDνdtc)

(
Npσ

µνqrai
)

(4.349)

O(1∼7)
dN̄quH†D2(1,−1)

εabcH†i
(
Npqrai

)
(DµdsbCD

µutc)
εabcDµH

†i
(
Npqrai

)
(dsbCDµutc)

εabcDµH
†i
(
Npqrai

)
(DµdsbCutc)

iεabcH†i (DµdsbCDνutc)
(
Npσ

µνqrai
)

εabcDµDνH
†i
(
Npγ

µdsb
)

(qraiCγνutc)
iεabcDµH

†i (dsbCDνutc)
(
Npσ

µνqrai
)

εabcDµH
†i
(
Npγ

µDνdsb
)

(qraiCγνutc)

(4.350)

O(1∼7)
lNūuHD2(0, 2)

εijHj (uralpi) (DµNsCD
µuta)

εijDµHj (uralpi) (NsCD
µuta)

εijDµHj (uralpi) (DµNsCuta)
iεijHj (DµNsCDνuta) (uraσµν lpi)
εijDµDνHj (uraγνuta) (lpiCγµNs)
iεijDµHj (NsCDνuta) (uraσµν lpi)
εijDµHj (uraγνuta) (lpiCγµDνNs)

(4.351)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼7)
dl̄N̄ ūHD2(0,−2)

Hi

(
NpCur

a
) (
Dµlt

iDµdsa
)

DµHi

(
NpCur

a
) (
Dµlt

idsa
)

DµHi

(
NpCur

a
) (
lt
iDµdsa

)
iHi

(
Npσ

µνCur
a
) (
Dν lt

iDµdsa
)

DµDνHi

(
Npγ

µdsa
) (
ur
aγνClt

i
)

iDµHi

(
Dν lt

idsa
) (
Npσ

µνCur
a
)

DµHi

(
Npγ

µDνdsa
) (
ur
aγνClt

i
)

(4.352)

O(1∼7)
d̄dlNHD2(0, 2)

εijHj

(
dp
alri
)

(DµdsaCD
µNt)

εijDµHj

(
dp
alri
)

(dsaCDµNt)
εijDµHj

(
dp
alri
)

(DµdsaCNt)
iεijHj (DµdsaCDνNt)

(
dp
aσµν lri

)
εijDµDνHj

(
dp
aγµdsa

)
(lriCγνNt)

iεijDµHj (dsaCDνNt)
(
dp
aσµν lri

)
εijDµHj (lriCγνNt)

(
dp
aγµDνdsa

)
(4.353)

O(1∼14)
l2 l̄NHD2(0, 2)

Y
[

p
r

]
εikHk (lpiClrj)

(
Dµls

jDµNt

)
Y
[

p
r

]
εikDµHk (lpiClrj)

(
ls
jDµNt

)
Y
[

p
r

]
εikDµHk (lpiClrj)

(
Dµls

jNt

)
Y
[

p
r

]
iεikHk

(
Dµls

jDνNt

)
(lpiCσµν lrj)

Y
[

p
r

]
εikDµDνHk (lrjCγνNt)

(
ls
jγµlpi

)
Y
[

p
r

]
iεikDµHk

(
ls
jDνNt

)
(lpiCσµν lrj)

Y
[

p
r

]
εikDµHk (lrjCγνNt)

(
Dν ls

jγµlpi
)

Y [ p r ] εikHk (lpiClrj)
(
Dµls

jDµNt

)
Y [ p r ] εikDµHk (lpiClrj)

(
ls
jDµNt

)
Y [ p r ] εikDµHk (lpiClrj)

(
Dµls

jNt

)
Y [ p r ] iεikHk

(
Dµls

jDνNt

)
(lpiCσµν lrj)

Y [ p r ] εikDµDνHk (lrjCγνNt)
(
ls
jγµlpi

)
Y [ p r ] iεikDµHk

(
ls
jDνNt

)
(lpiCσµν lrj)

Y [ p r ] εikDµHk (lrjCγνNt)
(
Dν ls

jγµlpi
)

(4.354)

O(1∼7)
ēelNHD2(0, 2)

εijHj (eplri) (DµesCD
µNt)

εijDµHj (eplri) (esCDµNt)
εijDµHj (eplri) (DµesCNt)
iεijHj (DµesCDνNt) (epσµν lri)
εijDµDνHj (epγµes) (lriCγνNt)
iεijDµHj (esCDνNt) (epσµν lri)
εijDµHj (epγµDνes) (lriCγνNt)

(4.355)

– 48 –



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

O(1∼7)
ēlN2H†D2(0, 2)

Y
[

s
t

]
DµH

†i (eplri) (NsCD
µNt)

Y
[

s
t

]
iH†i (DµNsCDνNt) (epσµν lri)

Y
[

s
t

]
DµDνH

†i (epγµNs) (lriCγνNt)
Y
[

s
t

]
iDµH

†i (NsCDνNt) (epσµν lri)
Y [ s t ]H†i (eplri) (DµNsCD

µNt)
Y [ s t ]DµH

†i (eplri) (NsCD
µNt)

Y [ s t ] iDµH
†i (NsCDνNt) (epσµν lri)

(4.356)

O(1∼7)
lN̄N2HD2(0, 2)

Y
[

s
t

]
εijDµHj

(
N rlpi

)
(NsCD

µNt)
Y
[

s
t

]
iεijHj (DµNsCDνNt)

(
N rσ

µν lpi
)

Y
[

s
t

]
εijDµDνHj

(
N rγ

νNt

)
(lpiCγµNs)

Y
[

s
t

]
iεijDµHj (NsCDνNt)

(
N rσ

µν lpi
)

Y [ s t ] εijHj

(
N rlpi

)
(DµNsCD

µNt)
Y [ s t ] εijDµHj

(
N rlpi

)
(NsCD

µNt)
Y [ s t ] iεijDµHj (NsCDνNt)

(
N rσ

µν lpi
)

(4.357)

Class FLψ
4φ: 16 types

O(1∼8)
GLN̄q3H†

(1,−1)

Y [ r s t ] i
(
λA
)b
e
εaceεikH†jGAL µν (qsbjCqtck)

(
Npσ

µνqrai
)

Y [ r s t ] i
(
λA
)b
e
εaceεijH†kGAL µν

(
Npqtck

)
(qraiCσµνqsbj)

Y
[

r s
t

]
i
(
λA
)b
e
εaceεikH†jGAL µν (qsbjCqtck)

(
Npσ

µνqrai
)

Y
[

r s
t

]
i
(
λA
)b
e
εaceεijH†kGAL µν (qsbjCqtck)

(
Npσ

µνqrai
)

Y
[

r s
t

]
i
(
λA
)a
e
εbceεikH†jGAL µν (qsbjCqtck)

(
Npσ

µνqrai
)

Y
[

r s
t

]
i
(
λA
)b
e
εaceεikH†jGAL µν

(
Npqtck

)
(qraiCσµνqsbj)

Y
[

r
s
t

]
i
(
λA
)b
e
εaceεikH†jGAL µν (qsbjCqtck)

(
Npσ

µνqrai
)

Y
[

r
s
t

]
i
(
λA
)b
e
εaceεikH†jGAL µν

(
Npqtck

)
(qraiCσµνqsbj)

(4.358)

O(1∼3)
GLēN̄qūH†

(0,−2)
i
(
λA
)a
b
H†iGAL µν

(
ut
bqsai

) (
epσ

µνCN r

)
i
(
λA
)a
b
H†iGAL

µν
(
N rCut

b
)

(epσµνqsai)
i
(
λA
)a
b
H†iGAL µν

(
epCut

b
) (
N rσ

µνqsai
) (4.359)

O(1∼3)
GLN̄2qūH

(0,−2)
Y
[

p
r

]
i
(
λA
)a
b
εijHjG

A
L µν

(
ut
bqsai

) (
Npσ

µνCN r

)
Y
[

p
r

]
i
(
λA
)a
b
εijHjG

A
L
µν
(
N rCut

b
) (
Npσµνqsai

)
Y [ p r ] i

(
λA
)a
b
εijHjG

A
L
µν
(
N rCut

b
) (
Npσµνqsai

) (4.360)

O(1∼3)
GLd̄N̄2qH†

(0,−2)
Y
[

r
s

]
i
(
λA
)b
a
H†iGAL µν

(
N sqtbi

) (
dp
aσµνCN r

)
Y
[

r
s

]
i
(
λA
)b
a
H†iGAL µν

(
dp
aqtbi

) (
N rσ

µνCN s

)
Y [ r s ] i

(
λA
)b
a
H†iGAL µν

(
N sqtbi

) (
dp
aσµνCN r

) (4.361)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼6)
WLN̄q3H†

(1,−1)

Y [ r s t ] i
(
τ I
)i
n
εabcεknH†jW I

Lµν (qsbjCqtck)
(
Npσ

µνqrai
)

Y [ r s t ] i
(
τ I
)j
n
εabcεknH†iW I

Lµν
(
Npqtck

)
(qraiCσµνqsbj)

Y
[

r s
t

]
i
(
τ I
)j
n
εabcεknH†iW I

Lµν (qsbjCqtck)
(
Npσ

µνqrai
)

Y
[

r s
t

]
i
(
τ I
)i
n
εabcεjnH†kW I

Lµν (qsbjCqtck)
(
Npσ

µνqrai
)

Y
[

r s
t

]
i
(
τ I
)j
n
εabcεknH†iW I

Lµν
(
Npqtck

)
(qraiCσµνqsbj)

Y
[

r
s
t

]
i
(
τ I
)j
n
εabcεknH†iW I

Lµν (qsbjCqtck)
(
Npσ

µνqrai
)

(4.362)

O(1∼3)
WLēN̄qūH†

(0,−2)
i
(
τ I
)i
j
H†jW I

Lµν (utaqsai)
(
epσ

µνCN r

)
i
(
τ I
)i
j
H†jW I

L
µν
(
N rCut

a
)

(epσµνqsai)

i
(
τ I
)i
j
H†jW I

Lµν (epCuta)
(
N rσ

µνqsai
) (4.363)

O(1∼3)
WLN̄2qūH

(0,−2)
Y
[

p
r

]
i
(
τ I
)i
k
εjkHjW

I
Lµν (utaqsai)

(
Npσ

µνCN r

)
Y
[

p
r

]
i
(
τ I
)i
k
εjkHjW

I
L
µν
(
N rCut

a
) (
Npσµνqsai

)
Y [ p r ] i

(
τ I
)i
k
εjkHjW

I
L
µν
(
N rCut

a
) (
Npσµνqsai

) (4.364)

O(1∼3)
WLd̄N̄2qH†

(0,−2)
Y
[

r
s

]
i
(
τ I
)i
j
H†jW I

Lµν
(
N sqtai

) (
dp
aσµνCN r

)
Y
[

r
s

]
i
(
τ I
)i
j
H†jW I

Lµν
(
dp
aqtai

) (
N rσ

µνCN s

)
Y [ r s ] i

(
τ I
)i
j
H†jW I

Lµν
(
N sqtai

) (
dp
aσµνCN r

) (4.365)

O(1∼3)
WLēlN̄2H†

(0,−2)
Y
[

s
t

]
i
(
τ I
)i
j
H†jW I

L
µν
(
N tlri

) (
epσµνCN s

)
Y
[

s
t

]
i
(
τ I
)i
j
H†jW I

Lµν
(
epCN t

) (
N sσ

µν lri
)

Y [ s t ] i
(
τ I
)i
j
H†j

(
N sCN t

)
W I

Lµν (epσµν lri)

(4.366)

O(1,2)
WLlN̄3H

(0,−2) Y
[

r
s
t

]
i
(
τ I
)i
k
εjkHjW

I
Lµν

(
N tlpi

) (
N rσ

µνCN s

)
Y
[

r s
t

]
i
(
τ I
)i
k
εjkHj

(
N sCN t

)
W I

Lµν
(
N rσ

µν lpi
) (4.367)

O(1∼4)
BLN̄q3H†

(1,−1)

Y
[

r s
t

]
iεabcεikBLµνH

†j (qsbjCqtck)
(
Npσ

µνqrai
)

Y
[

r s
t

]
iεabcεikBLµνH

†j
(
Npqtck

)
(qraiCσµνqsbj)

Y [ r s t ] iεabcεikBLµνH
†j (qsbjCqtck)

(
Npσ

µνqrai
)

Y
[

r
s
t

]
iεabcεikBLµνH

†j (qsbjCqtck)
(
Npσ

µνqrai
) (4.368)

O(1∼3)
BLēN̄qūH†

(0,−2)
iBLµνH

†i (utaqsai)
(
epσ

µνCN r

)
iH†iBL

µν
(
N rCut

a
)

(epσµνqsai)
iBLµνH

†i (epCuta)
(
N rσ

µνqsai
) (4.369)
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O(1∼3)
BLN̄2qūH

(0,−2)
Y
[

p
r

]
iεijHjBLµν (utaqsai)

(
Npσ

µνCN r

)
Y
[

p
r

]
iεijHjBL

µν
(
N rCut

a
) (
Npσµνqsai

)
Y [ p r ] iεijHjBL

µν
(
N rCut

a
) (
Npσµνqsai

) (4.370)

O(1∼3)
BLd̄N̄2qH†

(0,−2)
Y
[

r
s

]
iBLµνH

†i
(
N sqtai

) (
dp
aσµνCN r

)
Y
[

r
s

]
iBLµνH

†i
(
dp
aqtai

) (
N rσ

µνCN s

)
Y [ r s ] iBLµνH

†i
(
N sqtai

) (
dp
aσµνCN r

) (4.371)

O(1∼3)
BLēlN̄2H†

(0,−2)
Y
[

s
t

]
iH†iBL

µν
(
N tlri

) (
epσµνCN s

)
Y
[

s
t

]
iBLµνH

†i
(
epCN t

) (
N sσ

µν lri
)

Y [ s t ] iBLµνH
†i
(
N sCN t

)
(epσµν lri)

(4.372)

O(1,2)
BLlN̄3H

(0,−2) Y
[

r
s
t

]
iεijHjBLµν

(
N tlpi

) (
N rσ

µνCN s

)
Y
[

r s
t

]
iεijHjBLµν

(
N sCN t

) (
N rσ

µν lpi
) (4.373)

Class FLψ
2ψ†2φ: 70 types

OGLN2qūH(0, 2) Y [ s t ] i
(
λA
)a
b
εijHj (NsCNt)GAL µν

(
ur
bσµνqpai

)
(4.374)

OGLd̄eNqH
(0, 2) i

(
λA
)b
a
εijHjG

A
L µν (esCNt)

(
dp
aσµνqrbi

)
(4.375)

OGLd̄N2qH†(0, 2) Y [ s t ] i
(
λA
)b
a
H†i (NsCNt)GAL µν

(
dp
aσµνqrbi

)
(4.376)

O(1,2)
GLlNqq̄H

(0, 2)
i
(
λA
)a
b
εikHkG

A
L µν

(
qbjt Ns

)
(lpiCσµνqraj)

i
(
λA
)a
b
εijHkG

A
L µν

(
qbkt Ns

)
(lpiCσµνqraj)

(4.377)

O(1,2)
GLd2N̄qH

(1,−1) Y [ s t ] i
(
λA
)b
e
εaceεijHjG

A
L µν (dsbCdtc)

(
Npσ

µνqrai
)

Y
[

s
t

]
i
(
λA
)b
e
εaceεijHjG

A
L µν (dsbCdtc)

(
Npσ

µνqrai
) (4.378)

O(1,2)
GL l̄N̄qq̄H†

(0,−2) iεjm
(
λA
)a
b
H†jGAL µν

(
ls
iCqbmt

) (
Npσ

µνqrai
)

iεkm
(
λA
)a
b
H†iGAL µν

(
ls
kCqbmt

) (
Npσ

µνqrai
) (4.379)

O(1,2)
GLdN̄quH†

(1,−1) i
(
λA
)b
e
εaceH†iGAL µν (dsbCutc)

(
Npσ

µνqrai
)

i
(
λA
)a
e
εbceH†iGAL µν (dsbCutc)

(
Npσ

µνqrai
) (4.380)

O(1,2)
GLd̄Nq̄ūH

(−1, 1) iεace
(
λA
)e
b
HiG

A
L µν

(
qcit Ns

) (
dp
aσµνCur

b
)

iεabe
(
λA
)e
c
HiG

A
L µν

(
qcit Ns

) (
dp
aσµνCur

b
) (4.381)

OGLlNūuH(0, 2) i
(
λA
)b
a
εijHjG

A
L µν (NsCutb) (uraσµν lpi) (4.382)

OGLdl̄N̄ ūH
(0,−2) i

(
λA
)b
a
HiG

A
L µν

(
lt
idsb

) (
Npσ

µνCur
a
)

(4.383)

OGL l̄N̄ ūuH†
(0,−2) iεij

(
λA
)b
a
H†iGAL µν

(
ls
jutb

) (
Npσ

µνCur
a
)

(4.384)

O(1,2)
GLd̄2Nq̄H†

(−1, 1) Y
[

p
r

]
iεaceεij

(
λA
)e
b
H†iGAL µν

(
qcjt Ns

) (
dp
aσµνCdr

b
)

Y [ p r ] iεaceεij
(
λA
)e
b
H†iGAL µν

(
qcjt Ns

) (
dp
aσµνCdr

b
) (4.385)
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OGLd̄dlNH
(0, 2) i

(
λA
)b
a
εijHjG

A
L µν (dsbCNt)

(
dp
aσµν lri

)
(4.386)

OGLd̄lNuH†
(0, 2) i

(
λA
)b
a
H†iGAL µν (NsCutb)

(
dp
aσµν lri

)
(4.387)

OGLd̄dl̄N̄H†
(0,−2) iεij

(
λA
)b
a
H†iGAL µν

(
lt
jdsb

) (
dp
aσµνCN r

)
(4.388)

OGLdēN̄ q̄H†
(0,−2) iεij

(
λA
)a
b
H†iGAL µν

(
qbjt dsa

) (
epσ

µνCN r

)
(4.389)

OGLdN̄2q̄H(0,−2) Y
[

p
r

]
i
(
λA
)a
b
HiG

A
L µν

(
qbit dsa

) (
Npσ

µνCN r

)
(4.390)

OGLN̄2q̄uH†(0,−2) Y
[

p
r

]
iεij

(
λA
)b
a
H†iGAL µν

(
qajs utb

) (
Npσ

µνCN r

)
(4.391)

OWLN2qūH(0, 2) Y [ s t ] i
(
τ I
)i
k
εjkHj (NsCNt)W I

Lµν (uraσµνqpai) (4.392)

OWLd̄eNqH
(0, 2) i

(
τ I
)i
k
εjkHj (esCNt)W I

Lµν
(
dp
aσµνqrai

)
(4.393)

OWLd̄N2qH†(0, 2) Y [ s t ] i
(
τ I
)i
j
H†j (NsCNt)W I

Lµν
(
dp
aσµνqrai

)
(4.394)

O(1∼3)
WLlNqq̄H

(0, 2)
i
(
τ I
)j
n
εknHkW

I
Lµν

(
qait Ns

)
(lpiCσµνqraj)

i
(
τ I
)i
n
εknHkW

I
Lµν

(
qajt Ns

)
(lpiCσµνqraj)

i
(
τ I
)i
n
εjnHkW

I
Lµν

(
qakt Ns

)
(lpiCσµνqraj)

(4.395)

OWLd2N̄qH(1,−1) Y
[

s
t

]
i
(
τ I
)i
k
εabcεjkHjW

I
Lµν (dsbCdtc)

(
Npσ

µνqrai
)

(4.396)

O(1∼3)
WL l̄N̄qq̄H†

(0,−2)
iεkn

(
τ I
)n
j
H†jW I

Lµν
(
ls
kCqait

) (
Npσ

µνqrai
)

iεkn
(
τ I
)n
m
H†iW I

Lµν
(
ls
kCqamt

) (
Npσ

µνqrai
)

iεjn
(
τ I
)n
m
H†jW I

Lµν
(
ls
iCqamt

) (
Npσ

µνqrai
) (4.397)

OWLdN̄quH†
(1,−1) i

(
τ I
)i
j
εabcH†jW I

Lµν (dsbCutc)
(
Npσ

µνqrai
)

(4.398)

OWLd̄Nq̄ūH
(−1, 1) iεabc

(
τ I
)i
j
HiW

I
Lµν

(
qcjt Ns

) (
dp
aσµνCur

b
)

(4.399)

OWLlNūuH(0, 2) i
(
τ I
)i
k
εjkHjW

I
Lµν (NsCuta) (uraσµν lpi) (4.400)

OWLdl̄N̄ ūH
(0,−2) i

(
τ I
)i
j
HiW

I
Lµν

(
lt
jdsa

) (
Npσ

µνCur
a
)

(4.401)

OWL l̄N̄ ūuH†
(0,−2) iεjk

(
τ I
)k
i
H†iW I

Lµν
(
ls
juta

) (
Npσ

µνCur
a
)

(4.402)

OWLd̄2Nq̄H†(−1, 1) Y [ p r ] iεabcεjk
(
τ I
)k
i
H†iW I

Lµν
(
qcjt Ns

) (
dp
aσµνCdr

b
)

(4.403)

OWLd̄dlNH
(0, 2) i

(
τ I
)i
k
εjkHjW

I
Lµν (dsaCNt)

(
dp
aσµν lri

)
(4.404)

OWLd̄lNuH†
(0, 2) i

(
τ I
)i
j
H†jW I

Lµν (NsCuta)
(
dp
aσµν lri

)
(4.405)

OWLd̄dl̄N̄H†
(0,−2) iεjk

(
τ I
)k
i
H†iW I

Lµν
(
lt
jdsa

) (
dp
aσµνCN r

)
(4.406)
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O(1∼3)
WLl2 l̄NH

(0, 2)
Y
[

p
r

]
i
(
τ I
)j
n
εknHkW

I
Lµν

(
ls
iNt

)
(lpiCσµν lrj)

Y
[

p
r

]
i
(
τ I
)i
n
εjnHkW

I
Lµν

(
ls
kNt

)
(lpiCσµν lrj)

Y [ p r ] i
(
τ I
)j
n
εknHkW

I
Lµν

(
ls
iNt

)
(lpiCσµν lrj)

(4.407)

OWLēelNH(0, 2) i
(
τ I
)i
k
εjkHj (esCNt)W I

Lµν (epσµν lri) (4.408)

OWLēlN2H†(0, 2) Y [ s t ] i
(
τ I
)i
j
H†j (NsCNt)W I

Lµν (epσµν lri) (4.409)

OWLlN̄N2H(0, 2) Y [ s t ] i
(
τ I
)i
k
εjkHj (NsCNt)W I

Lµν
(
N rσ

µν lpi
)

(4.410)

O(1∼3)
WLll̄2N̄H†

(0,−2)
Y [ s t ] iεkn

(
τ I
)n
j
H†jW I

Lµν
(
ls
kClt

i
) (
N rσ

µν lpi
)

Y [ s t ] iεkn
(
τ I
)n
m
H†iW I

Lµν
(
ls
kClt

m
) (
N rσ

µν lpi
)

Y
[

s
t

]
iεkn

(
τ I
)n
j
H†jW I

Lµν
(
ls
kClt

i
) (
N rσ

µν lpi
) (4.411)

OWLdēN̄ q̄H†
(0,−2) iεjk

(
τ I
)k
i
H†iW I

Lµν
(
qajt dsa

) (
epσ

µνCN r

)
(4.412)

OWLēel̄N̄H†
(0,−2) iεjk

(
τ I
)k
i
H†iW I

Lµν
(
lt
jes
) (
epσ

µνCN r

)
(4.413)

OWLdN̄2q̄H(0,−2) Y
[

p
r

]
i
(
τ I
)i
j
HiW

I
Lµν

(
qajt dsa

) (
Npσ

µνCN r

)
(4.414)

OWLel̄N̄2H(0,−2) Y
[

p
r

]
i
(
τ I
)i
j
HiW

I
Lµν

(
lt
jes
) (
Npσ

µνCN r

)
(4.415)

OWLN̄2q̄uH†(0,−2) Y
[

p
r

]
iεjk

(
τ I
)k
i
H†iW I

Lµν
(
qajs uta

) (
Npσ

µνCN r

)
(4.416)

OWL l̄N̄2NH†(0,−2) Y
[

p
r

]
iεjk

(
τ I
)k
i
H†iW I

Lµν
(
ls
jNt

) (
Npσ

µνCN r

)
(4.417)

OBLN2qūH(0, 2) Y [ s t ] iεijHjBLµν (NsCNt) (uraσµνqpai) (4.418)

OBLd̄eNqH
(0, 2) iεijHjBLµν (esCNt)

(
dp
aσµνqrai

)
(4.419)

OBLd̄N2qH†(0, 2) Y [ s t ] iBLµνH
†i (NsCNt)

(
dp
aσµνqrai

)
(4.420)

O(1,2)
BLlNqq̄H

(0, 2)
iεikHkBLµν

(
qajt Ns

)
(lpiCσµνqraj)

iεijHkBLµν
(
qakt Ns

)
(lpiCσµνqraj)

(4.421)

OBLd2N̄qH(1,−1) Y
[

s
t

]
iεabcεijHjBLµν (dsbCdtc)

(
Npσ

µνqrai
)

(4.422)

O(1,2)
BL l̄N̄qq̄H†

(0,−2) iεjmBLµνH
†j
(
ls
iCqamt

) (
Npσ

µνqrai
)

iεkmBLµνH
†i
(
ls
kCqamt

) (
Npσ

µνqrai
) (4.423)

OBLdN̄quH†
(1,−1) iεabcBLµνH

†i (dsbCutc)
(
Npσ

µνqrai
)

(4.424)

OBLd̄Nq̄ūH
(−1, 1) iεabcHiBLµν

(
qcit Ns

) (
dp
aσµνCur

b
)

(4.425)

OBLlNūuH(0, 2) iεijHjBLµν (NsCuta) (uraσµν lpi) (4.426)

OBLdl̄N̄ ūH
(0,−2) iHiBLµν

(
lt
idsa

) (
Npσ

µνCur
a
)

(4.427)

OBL l̄N̄ ūuH†
(0,−2) iεijBLµνH

†i
(
ls
juta

) (
Npσ

µνCur
a
)

(4.428)
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OBLd̄2Nq̄H†(−1, 1) Y [ p r ] iεabcεijBLµνH
†i
(
qcjt Ns

) (
dp
aσµνCdr

b
)

(4.429)

OBLd̄dlNH
(0, 2) iεijHjBLµν (dsaCNt)

(
dp
aσµν lri

)
(4.430)

OBLd̄lNuH†
(0, 2) iBLµνH

†i (NsCuta)
(
dp
aσµν lri

)
(4.431)

OBLd̄dl̄N̄H†
(0,−2) iεijBLµνH

†i
(
lt
jdsa

) (
dp
aσµνCN r

)
(4.432)

O(1,2)
BLl2 l̄NH

(0, 2) Y
[

p
r

]
iεikHkBLµν

(
ls
jNt

)
(lpiCσµν lrj)

Y [ p r ] iεikHkBLµν
(
ls
jNt

)
(lpiCσµν lrj)

(4.433)

OBLēelNH(0, 2) iεijHjBLµν (esCNt) (epσµν lri) (4.434)
OBLēlN2H†(0, 2) Y [ s t ] iBLµνH

†i (NsCNt) (epσµν lri) (4.435)

OBLlN̄N2H(0, 2) Y [ s t ] iεijHjBLµν (NsCNt)
(
N rσ

µν lpi
)

(4.436)

O(1,2)
BLll̄2N̄H†

(0,−2) Y [ s t ] iεjmBLµνH
†j
(
ls
iClt

m
) (
N rσ

µν lpi
)

Y
[

s
t

]
iεjmBLµνH

†j
(
ls
iClt

m
) (
N rσ

µν lpi
) (4.437)

OBLdēN̄ q̄H†
(0,−2) iεijBLµνH

†i
(
qajt dsa

) (
epσ

µνCN r

)
(4.438)

OBLēel̄N̄H†
(0,−2) iεijBLµνH

†i
(
lt
jes
) (
epσ

µνCN r

)
(4.439)

OBLdN̄2q̄H(0,−2) Y
[

p
r

]
iHiBLµν

(
qait dsa

) (
Npσ

µνCN r

)
(4.440)

OBLel̄N̄2H(0,−2) Y
[

p
r

]
iHiBLµν

(
lt
ies
) (
Npσ

µνCN r

)
(4.441)

OBLN̄2q̄uH†(0,−2) Y
[

p
r

]
iεijBLµνH

†i (qajs uta) (Npσ
µνCN r

)
(4.442)

OBL l̄N̄2NH†(0,−2) Y
[

p
r

]
iεijBLµνH

†i
(
ls
jNt

) (
Npσ

µνCN r

)
(4.443)

Class ψ3ψ†φ2D: 27 types

O(1∼10)
dN̄q2HH†D

(1,−1)

Y [ r s ] iεabcεikHkD
µH†j

(
Npqrai

)
(qsbjCγµdtc)

Y [ r s ] iεabcεijHkD
µH†k

(
Npqrai

)
(qsbjCγµdtc)

Y [ r s ] iεabcεikH†jDµHk

(
Npqrai

)
(qsbjCγµdtc)

Y [ r s ] iεabcεijH†kDµHk

(
Npqrai

)
(qsbjCγµdtc)

Y [ r s ] iεabcεikHkH
†j
(
Npγµdtc

)
(qraiCDµqsbj)

Y
[

r
s

]
iεabcεikHkD

µH†j
(
Npqrai

)
(qsbjCγµdtc)

Y
[

r
s

]
iεabcεijHkD

µH†k
(
Npqrai

)
(qsbjCγµdtc)

Y
[

r
s

]
iεabcεikH†jDµHk

(
Npqrai

)
(qsbjCγµdtc)

Y
[

r
s

]
iεabcεijH†kDµHk

(
Npqrai

)
(qsbjCγµdtc)

Y
[

r
s

]
iεabcεikHkH

†j
(
Npγµdtc

)
(qraiCDµqsbj)

(4.444)

O(1∼5)
N̄q2uH†2D

(1,−1)

Y [ r s ] iεabcH†iDµH†j
(
Npqrai

)
(qsbjCγµutc)

Y [ r s ] iεabcH†jDµH†i
(
Npqrai

)
(qsbjCγµutc)

Y [ r s ] iεabcH†iH†j
(
Npγµutc

)
(qraiCDµqsbj)

Y
[

r
s

]
iεabcH†iDµH†j

(
Npqrai

)
(qsbjCγµutc)

Y
[

r
s

]
iεabcH†jDµH†i

(
Npqrai

)
(qsbjCγµutc)

(4.445)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼5)
lNqūH2D(0, 2)

iεikεjmHkD
µHm (lpiCqraj) (usaγµNt)

iεijεkmHkD
µHm (lpiCqraj) (usaγµNt)

iεikεjmHkHm (lpiCγµNt) (Dµus
aqraj)

iεikεjmHkD
µHm (usalpi) (qrajCγµNt)

iεijεkmHkD
µHm (usalpi) (qrajCγµNt)

(4.446)

O(1∼10)
l̄N̄qūHH†D

(0,−2)

iHjD
µH†i

(
Npqrai

) (
us
aγµClt

j
)

iHjD
µH†j

(
Npqrai

) (
us
aγµClt

i
)

iH†iDµHj

(
Npqrai

) (
us
aγµClt

j
)

iH†jDµHj

(
Npqrai

) (
us
aγµClt

i
)

iHjH
†i (Dµus

aqrai)
(
NpγµClt

j
)

iHjH
†j (Dµus

aqrai)
(
NpγµClt

i
)

iHjD
µH†i

(
NpCus

a
) (
lt
jγµqrai

)
iHjD

µH†j
(
NpCus

a
) (
lt
iγµqrai

)
iH†iDµHj

(
NpCus

a
) (
lt
jγµqrai

)
iH†jDµHj

(
NpCus

a
) (
lt
iγµqrai

)

(4.447)

O(1∼10)
d̄lNqHH†D

(0, 2)

iεikHkD
µH†j

(
dp
alri
)

(qsajCγµNt)
iεijHkD

µH†k
(
dp
alri
)

(qsajCγµNt)
iεikH†jDµHk

(
dp
alri
)

(qsajCγµNt)
iεijH†kDµHk

(
dp
alri
)

(qsajCγµNt)
iεikHkH

†j
(
dp
aγµNt

)
(lriCDµqsaj)

iεijHkH
†k
(
dp
aγµNt

)
(lriCDµqsaj)

iεikHkD
µH†j

(
dp
aqsaj

)
(lriCγµNt)

iεijHkD
µH†k

(
dp
aqsaj

)
(lriCγµNt)

iεikH†jDµHk

(
dp
aqsaj

)
(lriCγµNt)

iεijH†kDµHk

(
dp
aqsaj

)
(lriCγµNt)

(4.448)

O(1∼5)
d̄l̄N̄qH†2D

(0,−2)

iεkmH
†iDµH†k

(
dp
aCN r

) (
lt
mγµqsai

)
iεjkH

†jDµH†k
(
dp
aCN r

) (
lt
iγµqsai

)
iεkmH

†iH†k
(
N rD

µqsai
) (
dp
aγµClt

m
)

iεkmH
†iDµH†k

(
dp
aqsai

) (
N rγµClt

m
)

iεjkH
†jDµH†k

(
dp
aqsai

) (
N rγµClt

i
)

(4.449)

O(1∼5)
ēN̄qq̄H†2D

(0,−2)

iεkmH
†iDµH†k

(
epCN r

)
(qamt γµqsai)

iεjkH
†jDµH†k

(
epCN r

) (
qait γµqsai

)
iεkmH

†iH†k
(
N rD

µqsai
)

(epγµCqamt )
iεkmH

†iDµH†k (epqsai)
(
N rγµCq

am
t

)
iεjkH

†jDµH†k (epqsai)
(
N rγµCq

ai
t

)
(4.450)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼10)
N̄2qq̄HH†D

(0,−2)

Y
[

p
r

]
iHjH

†i
(
N rD

µqsai
) (
NpγµCq

aj
t

)
Y
[

p
r

]
iHjH

†j
(
N rD

µqsai
) (
NpγµCq

ai
t

)
Y
[

p
r

]
iHjD

µH†i
(
Npqsai

) (
N rγµCq

aj
t

)
Y
[

p
r

]
iHjD

µH†j
(
Npqsai

) (
N rγµCq

ai
t

)
Y
[

p
r

]
iH†iDµHj

(
Npqsai

) (
N rγµCq

aj
t

)
Y
[

p
r

]
iH†jDµHj

(
Npqsai

) (
N rγµCq

ai
t

)
Y [ p r ] iHj

(
NpCN r

)
DµH†i

(
qajt γµqsai

)
Y [ p r ] iHj

(
NpCN r

)
DµH†j

(
qait γµqsai

)
Y [ p r ] iH†i

(
NpCN r

)
DµHj

(
qajt γµqsai

)
Y [ p r ] iH†j

(
NpCN r

)
DµHj

(
qait γµqsai

)

(4.451)

O(1,2)
d̄Nū2H2D

(−1, 1)
Y [ r s ] iεabcεijHiD

µHj

(
dp
aCur

b
)

(uscγµNt)
Y
[

r
s

]
iεabcε

ijHiD
µHj

(
dp
aCur

b
)

(uscγµNt)
(4.452)

O(1∼5)
d̄2NūHH†D

(−1, 1)

Y [ p r ] iεabcHiH
†i
(
dp
aγµNt

) (
dr
bCDµus

c
)

Y [ p r ] iεabcHiD
µH†i

(
dp
aCus

c
) (
dr
bγµNt

)
Y [ p r ] iεabcH†iDµHi

(
dp
aCus

c
) (
dr
bγµNt

)
Y
[

p
r

]
iεabcHiD

µH†i
(
dp
aCdr

b
)

(uscγµNt)
Y
[

p
r

]
iεabcH

†iDµHi

(
dp
aCdr

b
)

(uscγµNt)

(4.453)

O(1∼5)
dēN̄ūHH†D

(0,−2)

iHiD
µH†i

(
epCN r

)
(usaγµdta)

iH†iDµHi

(
epCN r

)
(usaγµdta)

iHiH
†i (epγµdta)

(
N rCD

µus
a
)

iHiD
µH†i (epCusa)

(
N rγµdta

)
iH†iDµHi (epCusa)

(
N rγµdta

)
(4.454)

O(1,2)
ēN̄ ūuH†2D

(0,−2)
iεijH

†iDµH†j
(
epCN r

)
(usaγµuta)

iεijH
†iDµH†j (epCusa)

(
N rγµuta

) (4.455)

O(1,2)
dN̄2ūH2D

(0,−2)
Y
[

p
r

]
iεijHiD

µHj

(
NpCus

a
) (
N rγµdta

)
Y [ p r ] iεijHi

(
NpCN r

)
DµHj (usaγµdta)

(4.456)

O(1∼5)
N̄2ūuHH†D

(0,−2)

Y
[

p
r

]
iHiH

†i
(
Npγµuta

) (
N rCD

µus
a
)

Y
[

p
r

]
iHiD

µH†i
(
NpCus

a
) (
N rγµuta

)
Y
[

p
r

]
iH†iDµHi

(
NpCus

a
) (
N rγµuta

)
Y [ p r ] iHi

(
NpCN r

)
DµH†i (usaγµuta)

Y [ p r ] iH†i
(
NpCN r

)
DµHi (usaγµuta)

(4.457)

Od̄3NH†2D(−1, 1) Y
[

p r
s

]
iεabcεijH

†iDµH†j
(
dp
aCdr

b
) (
ds
cγµNt

)
(4.458)

O(1,2)
d̄dēN̄H†2D

(0,−2)
iεijH

†iDµH†j
(
dp
aCer

) (
N sγµdta

)
iεijH

†iDµH†j
(
dp
aCN s

)
(erγµdta)

(4.459)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼5)
d̄dN̄2HH†D

(0,−2)

Y
[

r
s

]
iHiD

µH†i
(
dp
aCN r

) (
N sγµdta

)
Y
[

r
s

]
iH†iDµHi

(
dp
aCN r

) (
N sγµdta

)
Y
[

r
s

]
iHiH

†i
(
dp
aγµdta

) (
N rCD

µN s

)
Y [ r s ] iHiD

µH†i
(
dp
aCN r

) (
N sγµdta

)
Y [ r s ] iH†iDµHi

(
dp
aCN r

) (
N sγµdta

)
(4.460)

O(1,2)
d̄N̄2uH†2D

(0,−2)
Y
[

r
s

]
iεijH

†iDµH†j
(
dp
aCN r

) (
N sγµuta

)
Y [ r s ] iεijH†iDµH†j

(
dp
aCN r

) (
N sγµuta

) (4.461)

O(1∼10)
ēl2NHH†D

(0, 2)

Y
[

r
s

]
iεikHkD

µH†j (eplri) (lsjCγµNt)
Y
[

r
s

]
iεijHkD

µH†k (eplri) (lsjCγµNt)
Y
[

r
s

]
iεikH†jDµHk (eplri) (lsjCγµNt)

Y
[

r
s

]
iεijH†kDµHk (eplri) (lsjCγµNt)

Y
[

r
s

]
iεikHkH

†j (epγµNt) (lriCDµlsj)
Y [ r s ] iεikHkD

µH†j (eplri) (lsjCγµNt)
Y [ r s ] iεijHkD

µH†k (eplri) (lsjCγµNt)
Y [ r s ] iεikH†jDµHk (eplri) (lsjCγµNt)
Y [ r s ] iεijH†kDµHk (eplri) (lsjCγµNt)
Y [ r s ] iεikHkH

†j (epγµNt) (lriCDµlsj)

(4.462)

O(1∼5)
l2N̄NH2D

(0, 2)

Y
[

p
r

]
iεikεjmHkD

µHm

(
N sγµNt

)
(lpiClrj)

Y
[

p
r

]
iεikεjmHkHm (lpiCγµNt)

(
DµN slrj

)
Y
[

p
r

]
iεikεjmHkD

µHm

(
N slpi

)
(lrjCγµNt)

Y [ p r ] iεikεjmHkD
µHm

(
N sγµNt

)
(lpiClrj)

Y [ p r ] iεikεjmHkD
µHm

(
N slpi

)
(lrjCγµNt)

(4.463)

O(1∼5)
ēll̄N̄H†2D

(0,−2)

iεkmH
†iDµH†k (eplri)

(
N sγµClt

m
)

iεjkH
†jDµH†k (eplri)

(
N sγµClt

i
)

iεkmH
†iH†k

(
DµN slri

) (
epγµClt

m
)

iεkmH
†iDµH†k

(
epCN s

) (
lt
mγµlri

)
iεjkH

†jDµH†k
(
epCN s

) (
lt
iγµlri

)
(4.464)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼10)
ll̄N̄2HH†D

(0,−2)

Y
[

r
s

]
iHjD

µH†i
(
N rlpi

) (
N sγµClt

j
)

Y
[

r
s

]
iHjD

µH†j
(
N rlpi

) (
N sγµClt

i
)

Y
[

r
s

]
iH†iDµHj

(
N rlpi

) (
N sγµClt

j
)

Y
[

r
s

]
iH†jDµHj

(
N rlpi

) (
N sγµClt

i
)

Y
[

r
s

]
iHjH

†i
(
N rCD

µN s

) (
lt
jγµlpi

)
Y
[

r
s

]
iHjH

†j
(
N rCD

µN s

) (
lt
iγµlpi

)
Y [ r s ] iHjD

µH†i
(
N rlpi

) (
N sγµClt

j
)

Y [ r s ] iHjD
µH†j

(
N rlpi

) (
N sγµClt

i
)

Y [ r s ] iH†iDµHj

(
N rlpi

) (
N sγµClt

j
)

Y [ r s ] iH†jDµHj

(
N rlpi

) (
N sγµClt

i
)

(4.465)

O(1,2)
ē2eN̄H†2D

(0,−2)
Y
[

p
r

]
iεijH

†iDµH†j
(
epCN s

)
(erγµet)

Y [ p r ] iεijH†i (epCer)DµH†j
(
N sγµet

) (4.466)

O(1∼5)
ēeN̄2HH†D

(0,−2)

Y
[

r
s

]
iHiD

µH†i
(
epCN r

) (
N sγµet

)
Y
[

r
s

]
iH†iDµHi

(
epCN r

) (
N sγµet

)
Y
[

r
s

]
iHiH

†i (epγµet)
(
N rCD

µN s

)
Y [ r s ] iHiD

µH†i
(
epCN r

) (
N sγµet

)
Y [ r s ] iH†iDµHi

(
epCN r

) (
N sγµet

)
(4.467)

O(1,2)
ēN̄2NH†2D

(0,−2)
Y
[

r
s

]
iεijH

†iDµH†j
(
epCN r

) (
N sγµNt

)
Y [ r s ] iεijH†iDµH†j

(
epCN r

) (
N sγµNt

) (4.468)

OeN̄3H2D(0,−2) Y
[

p r
s

]
iεijHi

(
NpCN r

)
DµHj

(
N sγµet

)
(4.469)

O(1∼3)
N̄3NHH†D

(0,−2)
Y
[

p
r
s

]
iHiH

†i
(
NpγµNt

) (
N rCD

µN s

)
Y
[

p r
s

]
iHi

(
NpCN r

)
DµH†i

(
N sγµNt

)
Y
[

p r
s

]
iH†i

(
NpCN r

)
DµHi

(
N sγµNt

) (4.470)

Class ψ4φ3: 7 types

O(1∼4)
N̄q3HH†2(1,−1)

Y
[

r s
t

]
εabcεkmHmH

†iH†j
(
Npqrai

)
(qsbjCqtck)

Y
[

r s
t

]
εabcεjkHmH

†iH†m
(
Npqrai

)
(qsbjCqtck)

Y [ r s t ] εabcεkmHmH
†iH†j

(
Npqrai

)
(qsbjCqtck)

Y
[

r
s
t

]
εabcεkmHmH

†iH†j
(
Npqrai

)
(qsbjCqtck)

(4.471)

O(1,2)
ēN̄qūHH†2(0,−2) HjH

†iH†j
(
epCN r

)
(utaqsai)

HjH
†iH†j (epqsai)

(
N rCut

a
) (4.472)

O(1,2)
N̄2qūH2H†

(0,−2) Y
[

p
r

]
εikHjHkH

†j
(
Npqsai

) (
N rCut

a
)

Y [ p r ] εikHjHkH
†j
(
NpCN r

)
(utaqsai)

(4.473)

– 58 –



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

O(1,2)
d̄N̄2qHH†2(0,−2) Y

[
r
s

]
HjH

†iH†j
(
N sqtai

) (
dp
aCN r

)
Y [ r s ]HjH

†iH†j
(
N sqtai

) (
dp
aCN r

) (4.474)

Ol3N̄H3(0, 2) Y
[

p r
s

]
εimεjnεkoHmHnHo

(
N tlsk

)
(lpiClrj) (4.475)

O(1,2)
ēlN̄2HH†2(0,−2)

Y
[

s
t

]
HjH

†iH†j
(
epCN s

) (
N tlri

)
Y [ s t ]HjH

†iH†j
(
N sCN t

)
(eplri)

(4.476)

OlN̄3H2H†(0,−2) Y
[

r s
t

]
εikHjHkH

†j
(
N sCN t

) (
N rlpi

)
(4.477)

Class ψ2ψ†2φ3: 13 types

ON2qūH2H†(0, 2) Y [ s t ] εikHjHkH
†j (NsCNt) (uraqpai) (4.478)

Od̄eNqH2H†(0, 2) εikHjHkH
†j (esCNt)

(
dp
aqrai

)
(4.479)

Od̄N2qHH†2(0, 2) Y [ s t ]HjH
†iH†j (NsCNt)

(
dp
aqrai

)
(4.480)

O(1∼3)
lNqq̄H2H†

(0, 2)
εimHkHmH

†j
(
qakt Ns

)
(lpiCqraj)

εjmHkHmH
†k (qait Ns

)
(lpiCqraj)

εjmHkHmH
†i
(
qakt Ns

)
(lpiCqraj)

(4.481)

Od2N̄qH2H†(1,−1) Y
[

s
t

]
εabcεikHjHkH

†j (dsbCdtc)
(
Npqrai

)
(4.482)

OdN̄quHH†2(1,−1) εabcHjH
†iH†j

(
Npqrai

)
(dsbCutc) (4.483)

OlNūuH2H†(0, 2) εikHjHkH
†j (NsCuta) (uralpi) (4.484)

Odl̄N̄ ūH2H†(0,−2) HiHjH
†i
(
NpCur

a
) (
lt
jdsa

)
(4.485)

Od̄dlNH2H†(0, 2) εikHjHkH
†j (dsaCNt)

(
dp
alri
)

(4.486)

O(1∼3)
l2 l̄NH2H†

(0, 2)
Y [ p r ] εimHkHmH

†j (lpiClrj)
(
ls
kNt

)
Y [ p r ] εjmHkHmH

†k (lpiClrj)
(
ls
iNt

)
Y
[

p
r

]
εimHkHmH

†j (lpiClrj)
(
ls
kNt

) (4.487)

OēelNH2H†(0, 2) εikHjHkH
†j (esCNt) (eplri) (4.488)

OēlN2HH†2(0, 2) Y [ s t ]HjH
†iH†j (NsCNt) (eplri) (4.489)

OlN̄N2H2H†(0, 2) Y [ s t ] εikHjHkH
†j (NsCNt)

(
N rlpi

)
(4.490)

4.5.3 Classes involving six-fermions

Class ψ4ψ†2: 80 types

O(1∼3)
lN2q3(1, 3)

Y [ r s t , u v ] εabcεikεjm (NuCNv) (lpiCqraj) (qsbkCqtcm)
Y
[

r s
t
, u v

]
εabcεikεjm (NuCNv) (lpiCqraj) (qsbkCqtcm)

Y
[

r
s
t
, u v

]
εabcεikεjm (NuCNv) (lpiCqraj) (qsbkCqtcm)

(4.491)
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)
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dN̄q3q̄
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Y [ r s t ] εbceεik
(
Npqrai

)
(qsbjCqtck)

(
qajv due

)
Y [ r s t ] εabeεik

(
Npqrai

)
(qsbjCqtck)

(
qcjv due

)
Y
[

r s
t

]
εbceεik

(
Npqrai

)
(qsbjCqtck)

(
qajv due

)
Y
[

r s
t

]
εbceεij

(
Npqrai

)
(qsbjCqtck)

(
qakv due

)
Y
[

r s
t

]
εabeεik

(
Npqrai

)
(qsbjCqtck)

(
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)
Y
[

r s
t

]
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)
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[

r
s
t

]
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(
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)
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(
qajv due

)
Y
[

r
s
t

]
εabeεik

(
Npqrai

)
(qsbjCqtck)

(
qcjv due

)

(4.492)

O(1∼3)
el̄N̄q3(1,−1)

Y [ r s t ] εabcεik
(
Npqrai

) (
lv
jeu
)

(qsbjCqtck)
Y
[

r s
t

]
εabcεik

(
Npqrai

) (
lv
jeu
)

(qsbjCqtck)

Y
[

r
s
t

]
εabcεik

(
Npqrai

) (
lv
jeu
)

(qsbjCqtck)
(4.493)

O(1∼4)
d̄N2q2ū

(0, 2)

Y [ r s , u v ] εij (NuCNv)
(
dp
aqrbi

) (
ut
bqsaj

)
Y [ r s , u v ] εij (NuCNv)

(
dp
aqrai

)
(utcqscj)

Y
[

r
s
, u v

]
εij (NuCNv)

(
dp
aqrbi

) (
ut
bqsaj

)
Y
[

r
s
, u v

]
εij (NuCNv)

(
dp
aqrai

)
(utcqscj)

(4.494)

O(1∼8)
l̄N̄q2q̄ū

(0,−2)

Y
[

r
s

] (
Npqrai

)
(utaqsbj)

(
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iCqbjv

)
Y
[

r
s

] (
Npqrai

)
(utaqsbj)

(
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jCqbiv

)
Y
[

r
s

] (
Npqrai

) (
ut
bqsbj

) (
lu
iCqajv

)
Y
[

r
s

] (
Npqrai

) (
ut
bqsbj

) (
lu
jCqaiv

)
Y [ r s ]

(
Npqrai

)
(utaqsbj)

(
lu
iCqbjv

)
Y [ r s ]

(
Npqrai

)
(utaqsbj)

(
lu
jCqbiv

)
Y [ r s ]

(
Npqrai

) (
ut
bqsbj

) (
lu
iCqajv

)
Y [ r s ]

(
Npqrai

) (
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bqsbj

) (
lu
jCqaiv

)

(4.495)

O(1∼6)
dN̄q2ūu

(1,−1)

Y [ r s ] εbef εij (dueCuvf )
(
Npqrai

)
(utaqsbj)

Y [ r s ] εaef εij (dueCuvf )
(
Npqrai

) (
ut
bqsbj

)
Y [ r s ] εabf εij (ducCuvf )

(
Npqrai

)
(utcqsbj)

Y
[

r
s

]
εbef εij (dueCuvf )

(
Npqrai

)
(utaqsbj)

Y
[

r
s

]
εaef εij (dueCuvf )

(
Npqrai

) (
ut
bqsbj

)
Y
[

r
s

]
εabf εij (ducCuvf )

(
Npqrai

)
(utcqsbj)

(4.496)

O(1∼4)
d̄2eNq2(0, 2)

Y
[

p
r
, s t

]
εij (buCNv)

(
dp
aCdr

b
)

(qsaiCqtbj)
Y
[

p
r
, s t

]
εij (buCNv)

(
dp
aqsai

) (
dr
bqtbj

)
Y
[

p r , s
t

]
εij (buCNv)

(
dp
aCdr

b
)

(qsaiCqtbj)
Y
[
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t

]
εij (buCNv)

(
dp
aqsai

) (
dr
bqtbj

) (4.497)
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t
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)
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)
Y [ s t ] εik
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dp
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)
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(
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)
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dp
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(
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)
(lriCqtak)

(
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)

(4.498)

O(1∼6)
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Y
[
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v

]
εcef εij (dueCdvf )

(
dp
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)
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Y
[
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v

]
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(
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) (
dp
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Y
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t
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) (
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]
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) (
dp
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)
Y [ s t , u v ] εbceεij (dueCdva)
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Y
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r
, s t

]
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O(1∼4)
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(
N rlpi

) (
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)
(qsajCqtbk)
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N rqtbk
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)
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Y
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) (
lv
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(4.501)
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t
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)
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(
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t
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(4.504)

O(1,2)
dN̄2Nq2(1,−1) Y

[
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r
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t

]
εabcεij (ducCNv)

(
Npqsai

) (
N rqtbj

)
Y [ p r , s t ] εabcεij

(
NpCN r

)
(ducCNv) (qsaiCqtbj)

(4.505)

O(1∼4)
l̄N̄qū2u

(0,−2)

Y
[

s
t

] (
Npqrai

) (
lu
iuvb

) (
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a
)

Y
[

s
t

] (
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)
(utaqrai)

(
NpCus

b
)

Y [ s t ]
(
Npqrai

) (
lu
iuvb

) (
us
bCut

a
)

Y [ s t ]
(
lu
iuvb

)
(utaqrai)

(
NpCus

b
) (4.506)

O(1∼6)
d̄2Nqq̄ū

(−1, 1)

Y
[

p
r

]
εbef

(
dp
aCdr

b
) (
qfiv Nu

)
(uteqsai)

Y
[

p
r

]
εabe

(
dp
aCdr

b
) (
qciv Nu

)
(uteqsci)

Y
[

p
r

]
εbef

(
dp
aqsai

) (
qfiv Nu

) (
dr
bCut

e
)

Y [ p r ] εbef
(
dp
aCdr

b
) (
qfiv Nu

)
(uteqsai)

Y [ p r ] εbef
(
dp
aqsai

) (
qfiv Nu

) (
dr
bCut

e
)

Y [ p r ] εabe
(
qciv Nu

) (
dp
aqsci

) (
dr
bCut

e
)

(4.507)

O(1∼4)
d̄lNqūu

(0, 2)

εij (NuCuva)
(
dp
alri
) (
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bqsbj

)
εij (NuCuvc)

(
dp
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)

(utcqsaj)
εij (NuCuva)

(
ut
blri
) (
dp
aqsbj

)
εij (NuCuvc)

(
dp
aqsaj

)
(utclri)

(4.508)

O(1∼4)
d̄dl̄N̄qū

(0,−2)

(
dp
aCN r

) (
lv
idua

) (
ut
bqsbi

)(
dp
aCN r

) (
lv
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)
(utcqsai)(

lv
idua

) (
N rCut

b
) (
dp
aqsbi

)(
dp
aqsai

) (
N rCut

c
) (
lv
iduc

) (4.509)

O(1,2)
ēlN2qū(0, 2) Y [ u v ] εij (NuCNv) (eplri) (utaqsaj)

Y [ u v ] εij (NuCNv) (epqsaj) (utalri)
(4.510)

O(1∼4)
ll̄2N̄qū

(0,−2)

Y [ u v ]
(
N rlpi

)
(utaqsaj)

(
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iClv

j
)

Y [ u v ]
(
N rCut

a
) (
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j
)

(lpiCqsaj)
Y
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u
v

] (
N rlpi

)
(utaqsaj)

(
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j
)

Y
[

u
v

] (
N rCut

a
) (
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iClv

j
)

(lpiCqsaj)

(4.511)

O(1∼4)
dēN̄qq̄ū

(0,−2)

(
apCN r

) (
qaiv dub

) (
ut
bqsai

)(
cpCN r

)
(utaqsai)

(
qciv duc

)
(apqsai)

(
N rCut

b
) (
qaiv dub

)
(cpqsai)

(
N rCut

a
) (
qciv duc

)
(4.512)
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ēel̄N̄qū

(0,−2)
(
epCN r

) (
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ieu
)
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(epqsai)

(
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) (
N rCut

a
) (4.513)

O(1∼4)
N̄2qq̄ūu

(0,−2)

Y
[

p
r

] (
Npqsai

) (
qaiu uvb

) (
N rCut

b
)

Y
[

p
r

] (
Npqsai

) (
qciu uvc

) (
N rCut

a
)

Y [ p r ]
(
NpCN r

) (
qaiu uvb

) (
ut
bqsai

)
Y [ p r ]

(
NpCN r

) (
qciu uvc

)
(utaqsai)

(4.514)

O(1,2)
l̄N̄2Nqū

(0,−2) Y
[

p
r

] (
Npqsai

) (
lu
iNv

) (
N rCut

a
)

Y [ p r ]
(
NpCN r

) (
lu
iNv

)
(utaqsai)

(4.515)

O(1∼4)
d̄2dlNq

(0, 2)

Y
[

p
r

]
εij (dubCNv)

(
dp
aCdr

b
)

(lsiCqtaj)
Y
[

p
r

]
εij (dubCNv)

(
dp
alsi
) (
dr
bqtaj

)
Y [ p r ] εij (dubCNv)

(
dp
aCdr

b
)

(lsiCqtaj)
Y [ p r ] εij (dubCNv)

(
dp
alsi
) (
dr
bqtaj

) (4.516)

O(1∼4)
d̄l2 l̄Nq

(0, 2)

Y
[

r
s

]
εik
(
lu
jNv

) (
dp
alri
)

(lsjCqtak)
Y
[

r
s

]
εij
(
lu
kNv

) (
dp
alri
)

(lsjCqtak)
Y [ r s ] εik

(
lu
jNv

) (
dp
alri
)

(lsjCqtak)
Y [ r s ] εij

(
lu
kNv

) (
dp
alri
)

(lsjCqtak)

(4.517)

O(1,2)
d̄ēelNq

(0, 2) ε
ij (euCNv)

(
dp
aCer

)
(lsiCqtaj)

εij (euCNv) (erqtaj)
(
dp
alsi
) (4.518)

O(1,2)
d̄lN̄N2q

(0, 2) Y [ u v ] εij (NuCNv)
(
N sqtaj

) (
dp
alri
)

Y [ u v ] εij (NuCNv)
(
dp
aCN s

)
(lriCqtaj)

(4.519)

O(1∼4)
d̄dN̄2qq̄

(0,−2)

Y
[

r
s

] (
N sqtbi

) (
dp
aCN r

) (
qbiv dua

)
Y
[

r
s

] (
N sqtai

) (
dp
aCN r

) (
qciv duc

)
Y [ r s ]

(
N sqtbi

) (
dp
aCN r

) (
qbiv dua

)
Y [ r s ]

(
N sqtai

) (
dp
aCN r

) (
qciv duc

)
(4.520)

O(1,2)
d̄el̄N̄2q

(0,−2) Y
[

r
s

] (
N sqtai

) (
lv
ieu
) (
dp
aCN r

)
Y [ r s ]

(
N sqtai

) (
lv
ieu
) (
dp
aCN r

) (4.521)

O(1∼4)
ēl2Nqq̄(0, 2)

Y
[

r
s

]
εik (eplri)

(
qajv Nu

)
(lsjCqtak)

Y
[

r
s

]
εij (eplri)

(
qakv Nu

)
(lsjCqtak)

Y [ r s ] εik (eplri)
(
qajv Nu

)
(lsjCqtak)

Y [ r s ] εij (eplri)
(
qakv Nu

)
(lsjCqtak)

(4.522)

O(1,2)
d2ēlN̄q

(1,−1) Y
[

u
v

]
εabcεij (eplri) (dubCdvc)

(
N sqtaj

)
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(
epCN s
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(4.523)
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) (
lu
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) (
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) (
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)
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) (
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) (
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O(1,2)
dlN̄2qu

(1,−1) Y
[

r
s

]
εabcεij

(
N rlpi

)
(dubCuvc)

(
N sqtaj

)
Y [ r s ] εabcεij

(
N rlpi

)
(dubCuvc)

(
N sqtaj

) (4.525)

O(1,2)
ēeN̄2qq̄

(0,−2) Y
[

r
s

] (
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) (
N sqtai

) (
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)
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(
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) (
N sqtai

) (
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) (4.526)

ON̄3Nqq̄(0,−2) Y
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p r
s

] (
NpCN r

) (
N sqtai

) (
qaiv Nu

)
(4.527)

O(1∼6)
d̄2Nū2u

(−1, 1)

Y
[

p
r
, s t

]
εabe (NuCuvc)

(
dp
aCdr

b
)
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Y
[

p
r
, s t

]
εbce (NuCuva)

(
dp
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c
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dr
bCut

e
)

Y
[

p r , s
t

]
εbce (NuCuva)

(
dp
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b
)

(uscCute)
Y
[

p r , s
t

]
εabe (NuCuvc)

(
dp
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c
) (
dr
bCut

e
)

Y [ p r , s t ] εbce (NuCuva)
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dp
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c
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bCut

e
)

Y
[
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r
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t

]
εbce (NuCuva)

(
dp
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b
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(4.528)

O(1,2)
d̄ēN2ū2(−1, 1)

Y [ s t , u v ] εabc (NuCNv) (erCutc)
(
dp
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b
)

Y
[

s
t
, u v

]
εabc (NuCNv)

(
dp
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c
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O(1,2)
d̄l̄2N̄ū2(−1,−3)

Y
[

s t , u
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]
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N rCut

c
) (
lu
iClv

j
) (
dp
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)

Y
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v

]
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dp
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) (
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bCut

c
) (
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j
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O(1,2)
ēl̄N̄ q̄ū2(−1,−3) Y [ s t ] εabcεij (epCusa)

(
N rCut

b
) (
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)
Y
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t

]
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) (
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b
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O(1∼4)
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s
t

] (
bpCN r

)
(duaCuvb)

(
us
aCut

b
)

Y
[

s
t

]
(duaCuvb)
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(
us
aCut

b
) (4.533)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼4)
d̄3dNū

(−1, 1)

Y [ p r s ] εbce (duaCNv)
(
dp
aCdr

b
) (
ds
cCut

e
)

Y
[

p r
s

]
εbce (duaCNv)

(
dp
aCdr

b
) (
ds
cCut

e
)

Y
[

p r
s

]
εabe (ducCNv)

(
dp
aCdr

b
) (
ds
cCut

e
)

Y
[

p
r
s

]
εbce (duaCNv)

(
dp
aCdr

b
) (
ds
cCut

e
) (4.534)

O(1,2)
d̄2ll̄Nū

(−1, 1)
Y [ p r ] εabc

(
lu
iNv

) (
dp
alsi
) (
dr
bCut

c
)

Y
[

p
r

]
εabc

(
lu
iNv

) (
dp
aCdr

b
)

(utclsi)
(4.535)

O(1,2)
d̄2ēeNū

(−1, 1)
Y [ p r ] εabc (euCNv)

(
dp
aCes

) (
dr
bCut

c
)

Y
[

p
r

]
εabc (euCNv)

(
dp
aCdr

b
)

(esCutc)
(4.536)

O(1,2)
d̄2N̄N2ū

(−1, 1)
Y [ p r , u v ] εabc (NuCNv)

(
dp
aCN s

) (
dr
bCut

c
)

Y
[

p
r
, u v

]
εabc (NuCNv)

(
dp
aCdr

b
) (
N sCut

c
) (4.537)

O(1,2)
d̄ēlNq̄ū

(−1, 1) εabc
(
dp
aCer

) (
ut
blsi
) (
qciv Nu

)
εabc

(
dp
alsi
) (
erCut

b
) (
qciv Nu

) (4.538)

O(1∼4)
d̄d2ēN̄ ū

(0,−2)

Y [ u v ] (duaCdvb)
(
dp
aCbr

) (
N sCut

b
)

Y [ u v ] (duaCdvb)
(
brCut

b
) (
dp
aCN s

)
Y
[

u
v

]
(duaCdvb)

(
dp
aCbr

) (
N sCut

b
)

Y
[

u
v

]
(duaCdvb)

(
brCut

b
) (
dp
aCN s

) (4.539)

O(1,2)
d̄l̄N̄2q̄ū

(−1,−3) Y
[

r
s

]
εabcεij

(
dp
aCN r

) (
N sCut

b
) (
lu
iCqcjv

)
Y [ r s ] εabcεij

(
dp
aCN r

) (
N sCut

b
) (
lu
iCqcjv

) (4.540)

O(1∼4)
d̄dN̄2ūu

(0,−2)

Y
[

r
s

]
(duaCuvb)

(
dp
aCN r

) (
N sCut

b
)

Y
[

r
s

]
(dubCuva)

(
dp
aCN r

) (
N sCut

b
)

Y [ r s ] (duaCuvb)
(
dp
aCN r

) (
N sCut

b
)

Y [ r s ] (dubCuva)
(
dp
aCN r

) (
N sCut

b
) (4.541)

O(1,2)
ēl2Nūu(0, 2)

Y [ r s ] εij (NuCuva) (eplri) (utalsj)
Y
[

r
s

]
εij (NuCuva) (eplri) (utalsj)

(4.542)

O(1,2)
dēll̄N̄ ū

(0,−2)
(eplri)

(
N sCut

a
) (
lv
idua

)(
epCN s

) (
lv
idua

)
(utalri)

(4.543)

O(1,2)
ll̄N̄2ūu

(0,−2)
Y
[

r
s

] (
N rlpi

) (
lu
iuva

) (
N sCut

a
)

Y [ r s ]
(
N rlpi

) (
lu
iuva

) (
N sCut

a
) (4.544)

O(1,2)
dē2eN̄ū

(0,−2)
Y
[

p
r

] (
epCN s

)
(duaCev) (erCuta)

Y [ p r ] (epCer) (duaCev)
(
N sCut

a
) (4.545)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1,2)
ēN̄2q̄2ū

(−1,−3) Y
[

r
s
, u v

]
εabcεij

(
epCN r

) (
N sCut

a
) (
qbiuCq

cj
v

)
Y [ r s , u v ] εabcεij

(
epCN r

) (
N sCut

a
) (
qbiuCq

cj
v

) (4.546)

O(1,2)
ēeN̄2ūu

(0,−2)
Y
[

r
s

]
(euCuva)

(
epCN r

) (
N sCut

a
)

Y [ r s ] (euCuva)
(
epCN r

) (
N sCut

a
) (4.547)

O(1,2)
dēN̄2Nū

(0,−2)
Y
[

r
s

] (
epCN r

)
(duaCNv)

(
N sCut

a
)

Y [ r s ]
(
epCN r

)
(duaCNv)

(
N sCut

a
) (4.548)

ON̄3Nūu(0,−2) Y
[

p r
s

] (
NpCN r

)
(NuCuva)

(
N sCut

a
)

(4.549)

Od̄3eN̄N (−1, 1) Y
[

p r
s

]
εabc (euCNv)

(
dp
aCdr

b
) (
ds
cCN t

)
(4.550)

O(1,2)
d̄2lN̄Nq̄

(−1, 1) Y [ p r ] εabc
(
dp
alsi
) (
dr
bCN t

) (
qciv Nu

)
Y
[

p
r

]
εabc

(
N tlsi

) (
dp
aCdr

b
) (
qciv Nu

) (4.551)

O(1∼4)
d̄2d2N̄2(0,−2)

Y
[

p
r
, s

t
, u v

]
(duaCdvb)

(
dp
aCN s

) (
dr
bCN t

)
Y
[

p r , s
t
, u

v

]
(duaCdvb)

(
dp
aCN s

) (
dr
bCN t

)
Y [ p r , s t , u v ]

(
N sCN t

)
(duaCdvb)

(
dp
aCdr

b
)

Y
[

p
r
, s t , u

v

] (
N sCN t

)
(duaCdvb)

(
dp
aCdr

b
) (4.552)

O(1,2)
d̄dēl2N

(0, 2)
Y [ s t ] εij (erltj) (duaCNv)

(
dp
alsi
)

Y
[

s
t

]
εij (duaCNv) (lsiCltj)

(
dp
aCer

) (4.553)

O(1,2)
d̄l2N̄Nu

(0, 2)
Y [ r s ] εij (NuCuva)

(
N tlsj

) (
dp
alri
)

Y
[

r
s

]
εij (NuCuva)

(
N tlsj

) (
dp
alri
) (4.554)

O(1,2)
d̄dll̄N̄2(0,−2)

Y
[

s
t

] (
N tlri

) (
dp
aCN s

) (
lv
idua

)
Y [ s t ]

(
N sCN t

) (
dp
alri
) (
lv
idua

) (4.555)

O(1,2)
d̄dēeN̄2(0,−2)

Y
[

s
t

] (
erCN t

)
(duaCev)

(
dp
aCN s

)
Y [ s t ]

(
N sCN t

)
(duaCev)

(
dp
aCer

) (4.556)

Od̄N̄3q̄2(−1,−3) Y
[

r s
t
, u v

]
εabcεij

(
N sCN t

) (
dp
aCN r

) (
qbiuCq

cj
v

)
(4.557)

Od̄eN̄3u(0,−2) Y
[

r s
t

] (
N sCN t

)
(euCuva)

(
dp
aCN r

)
(4.558)

Od̄dN̄3N (0,−2) Y
[

r s
t

] (
N sCN t

)
(duaCNv)

(
dp
aCN r

)
(4.559)

O(1∼3)
ēl3 l̄N

(0, 2)
Y [ r s t ] εik (eplri) (lsjCltk)

(
lu
jNv

)
Y
[

r s
t

]
εik (eplri) (lsjCltk)

(
lu
jNv

)
Y
[

r
s
t

]
εik (eplri) (lsjCltk)

(
lu
jNv

) (4.560)

O(1,2)
ē2el2N (0, 2)

Y
[

p
r
, s t

]
εij (euCNv) (eplsi) (erltj)

Y
[

p r , s
t

]
εij (epCer) (euCNv) (lsiCltj)

(4.561)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1,2)
ēl2N̄N2(0, 2)

Y [ r s , u v ] εij (NuCNv) (eplri)
(
N tlsj

)
Y
[

r
s
, u v

]
εij (NuCNv) (eplri)

(
N tlsj

) (4.562)

O(1∼4)
l2 l̄2N̄2(0,−2)

Y
[

p
r
, s

t
, u v

] (
N slpi

) (
N tlrj

) (
lu
iClv

j
)

Y
[

p r , s
t
, u

v

] (
N slpi

) (
N tlrj

) (
lu
iClv

j
)

Y [ p r , s t , u v ]
(
N sCN t

)
(lpiClrj)

(
lu
iClv

j
)

Y
[

p
r
, s t , u

v

] (
N sCN t

)
(lpiClrj)

(
lu
iClv

j
) (4.563)

O(1,2)
dēlN̄2q̄

(0,−2) Y
[

s
t

] (
epCN s

) (
N tlri

) (
qaiv dua

)
Y [ s t ]

(
N sCN t

)
(eplri)

(
qaiv dua

) (4.564)

O(1,2)
ēell̄N̄2(0,−2)

Y
[

s
t

] (
epCN s

) (
N tlri

) (
lv
ieu
)

Y [ s t ]
(
N sCN t

)
(eplri)

(
lv
ieu
) (4.565)

OlN̄3q̄u(0,−2) Y
[

r s
t

] (
N sCN t

) (
N rlpi

) (
qaiu uva

)
(4.566)

Oll̄N̄3N (0,−2) Y
[

r s
t

] (
N sCN t

) (
N rlpi

) (
lu
iNv

)
(4.567)

O(1,2)
ē2e2N̄2(0,−2)

Y
[

p
r
, s

t
, u v

]
(euCev)

(
epCN s

) (
erCN t

)
Y [ p r , s t , u v ] (euCev) (epCer)

(
N sCN t

) (4.568)

OēeN̄3N (0,−2) Y
[

r s
t

] (
N sCN t

)
(euCNv)

(
epCN r

)
(4.569)

ON̄4N2(0,−2) Y
[

p r
s t
, u v

]
(NuCNv)

(
NpCN r

) (
N sCN t

)
(4.570)

Class ψ6: 12 types

O(1∼11)
N̄q4ū

(1,−1)

Y [ r s t u ] εbceεikεjm
(
Npqrai

)
(uvaquem) (qsbjCqtck)

Y
[

r s t
u

]
εbceεikεjm

(
Npqrai

)
(uvaquem) (qsbjCqtck)

Y
[

r s t
u

]
εabeεikεjm

(
Npqrai

)
(uvcquem) (qsbjCqtck)

Y
[

r s t
u

]
εabeεijεkm

(
Npqrai

)
(uvcquem) (qsbjCqtck)

Y
[

r s t
u

]
εbceεikεjm

(
Npqrai

)
(qsbjCquem) (uvaqtck)

Y
[

r s
t u

]
εbceεikεjm

(
Npqrai

)
(uvaquem) (qsbjCqtck)

Y
[

r s
t u

]
εabeεikεjm

(
Npqrai

)
(uvcquem) (qsbjCqtck)

Y
[

r s
t
u

]
εbceεikεjm

(
Npqrai

)
(uvaquem) (qsbjCqtck)

Y
[

r s
t
u

]
εbceεijεkm

(
Npqrai

)
(uvaquem) (qsbjCqtck)

Y
[

r s
t
u

]
εabeεikεjm

(
Npqrai

)
(uvcquem) (qsbjCqtck)

Y
[

r s
t
u

]
εabcεikεjm

(
Npqrai

)
(uvequem) (qsbjCqtck)

(4.571)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼7)
lN̄2q3(1,−1)

Y
[

r
s
, t u

v

]
εabcεikεjm

(
N rlpi

) (
N sqtaj

)
(qubkCqvcm)

Y
[

r
s
, t u

v

]
εabcεikεjm

(
N rqubk

) (
N sqvcm

)
(lpiCqtaj)

Y
[

r
s
, t u v

]
εabcεikεjm

(
N rlpi

) (
N sqtaj

)
(qubkCqvcm)

Y
[

r
s
,

t
u
v

]
εabcεikεjm

(
N rlpi

) (
N sqtaj

)
(qubkCqvcm)

Y [ r s , t u v ] εabcεikεjm
(
N rlpi

) (
N sqtaj

)
(qubkCqvcm)

Y
[

r s , t u
v

]
εabcεikεjm

(
N rlpi

) (
N sqtaj

)
(qubkCqvcm)

Y
[

r s ,
t
u
v

]
εabcεikεjm

(
N rlpi

) (
N sqtaj

)
(qubkCqvcm)

(4.572)

O(1∼10)
ēN̄q2ū2(0,−2)

Y
[

s t , u
v

]
εij
(
bpCN r

) (
uu

aCuv
b
)

(qsaiCqtbj)
Y
[

s t , u
v

]
εij
(
bpCN r

)
(uuaqsai)

(
uv

bqtbj
)

Y
[

s t , u
v

]
εij
(
bpqsai

) (
N rCuu

a
) (
uv

bqtbj
)

Y
[

s
t
, u v

]
εij
(
bpCN r

) (
uu

aCuv
b
)

(qsaiCqtbj)
Y
[

s
t
, u v

]
εij
(
bpCN r

)
(uuaqsai)

(
uv

bqtbj
)

Y
[

s
t
, u v

]
εij
(
bpqsai

) (
N rCuu

a
) (
uv

bqtbj
)

Y [ s t , u v ] εij
(
uu

aCuv
b
) (
bpqsai

) (
N rqtbj

)
Y [ s t , u v ] εij

(
bpqsai

) (
N rCuu

a
) (
uv

bqtbj
)

Y
[

s
t
, u

v

]
εij
(
uu

aCuv
b
) (
bpqsai

) (
N rqtbj

)
Y
[

s
t
, u

v

]
εij
(
bpqsai

) (
N rCuu

a
) (
uv

bqtbj
)

(4.573)

O(1∼10)
d̄N̄2q2ū

(0,−2)

Y
[

r
s
, t u

]
εij
(
N sqtbi

) (
uv

bquaj
) (
dp
aCN r

)
Y
[

r
s
, t u

]
εij
(
N sqtai

)
(uvcqucj)

(
dp
aCN r

)
Y
[

r
s
, t u

]
εij
(
N rquaj

) (
N sCuv

b
) (
dp
aqtbi

)
Y
[

r
s
, t

u

]
εij
(
N sqtbi

) (
uv

bquaj
) (
dp
aCN r

)
Y
[

r
s
, t

u

]
εij
(
N sqtai

)
(uvcqucj)

(
dp
aCN r

)
Y
[

r
s
, t

u

]
εij
(
N rquaj

) (
N sCuv

b
) (
dp
aqtbi

)
Y [ r s , t u ] εij

(
N sqtbi

) (
uv

bquaj
) (
dp
aCN r

)
Y [ r s , t u ] εij

(
N sqtai

)
(uvcqucj)

(
dp
aCN r

)
Y
[

r s , t
u

]
εij
(
N sqtbi

) (
uv

bquaj
) (
dp
aCN r

)
Y
[

r s , t
u

]
εij
(
N sqtai

)
(uvcqucj)

(
dp
aCN r

)

(4.574)

O(1∼5)
ēlN̄2qū

(0,−2)

Y
[

s
t

]
εij (eplri)

(
N squaj

) (
N tCuv

a
)

Y
[

s
t

]
εij
(
epCN s

) (
N tlri

)
(uvaquaj)

Y
[

s
t

]
εij
(
epCN s

) (
N tCuv

a
)

(lriCquaj)
Y [ s t ] εij

(
N sCN t

)
(eplri) (uvaquaj)

Y [ s t ] εij
(
epCN s

) (
N tCuv

a
)

(lriCquaj)

(4.575)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼3)
d̄lN̄3q

(0,−2)
Y
[

s
t
u

]
εij
(
N tlri

) (
Nuqvaj

) (
dp
aCN s

)
Y
[

s t
u

]
εij
(
N sCN t

) (
Nuqvaj

) (
dp
alri
)

Y
[

s t
u

]
εij
(
N tlri

) (
Nuqvaj

) (
dp
aCN s

) (4.576)

O(1∼3)
ē2N̄ū3(−1,−3)

Y
[

p
r
, t u v

]
εabc

(
erCuu

b
)

(epCuta)
(
N sCuv

c
)

Y
[

p
r
, t u

v

]
εabc

(
epCN s

) (
uu

bCuv
c
)

(erCuta)
Y
[

p r , t u
v

]
εabc (epCer)

(
uu

bCuv
c
) (
N sCut

a
) (4.577)

O(1∼5)
d̄ēN̄2ū2(−1,−3)

Y
[

s
t
, u v

]
εabc

(
N sCuu

b
) (
dp
aCer

) (
N tCuv

c
)

Y
[

s
t
, u v

]
εabc

(
erCuu

b
) (
dp
aCN s

) (
N tCuv

c
)

Y
[

s
t
, u

v

]
εabc

(
erCN t

) (
uu

bCuv
c
) (
dp
aCN s

)
Y [ s t , u v ] εabc

(
erCuu

b
) (
dp
aCN s

) (
N tCuv

c
)

Y
[

s t , u
v

]
εabc

(
N sCN t

) (
uu

bCuv
c
) (
dp
aCer

)
(4.578)

O(1∼3)
d̄2N̄3ū

(−1,−3)
Y
[

p r ,
s
t
u

]
εabc

(
NuCuv

c
) (
dp
aCN s

) (
dr
bCN t

)
Y
[

p r , s t
u

]
εabc

(
NuCuv

c
) (
dp
aCN s

) (
dr
bCN t

)
Y
[

p
r
, s t

u

]
εabc

(
N sCN t

) (
NuCuv

c
) (
dp
aCdr

b
) (4.579)

O(1∼3)
d̄3l2N̄

(−1, 1)
Y [ p r s , t u ] εabcεij

(
dp
alti
) (
dr
bluj

) (
ds
cCNv

)
Y
[

p r
s
, t u

]
εabcε

ij
(
Nvluj

) (
dp
aCdr

b
) (
ds
clti
)

Y
[

p r
s
, t

u

]
εabcε

ij
(
Nvluj

) (
dp
aCdr

b
) (
ds
clti
) (4.580)

O(1∼3)
ēl2N̄3(0,−2)

Y
[

r s ,
t
u
v

]
εij
(
epCN t

) (
Nulri

) (
Nvlsj

)
Y
[

r s , t u
v

]
εij
(
NuCNv

)
(eplri)

(
N tlsj

)
Y
[

r
s
, t u

v

]
εij
(
NuCNv

)
(eplri)

(
N tlsj

) (4.581)

ON̄6(0,−6) Y
[

p r
s t
u v

] (
NpCN r

) (
N sCN t

) (
NuCNv

)
(4.582)

5 Lists of operators in νLEFT

In this section, we list the complete and independent operator basis in νLEFT from
dimension 5 to dimension 9, and the statistic results of the operator basis are listed in
table 6 and 7. We also give the relations of four-component Dirac spinors and two-component
Weyl spinors here.

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)

NR =
(

0
N †C

)
, N̄R = (NC , 0) (5.3)
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Dim-5 operators
N (n, ñ) Classes Ntype Nterm Noperator Equations
3 (2, 0) FLψ

2 + h.c. 2 + 0 + 2 + 0 4 24 (5.4)–(5.5)
Dim-6 operators

N (n, ñ) Classes Ntype Nterm Noperator Equations
4 (2, 0) ψ4 + h.c. 10 + 4 + 12 + 2 50 2034 (5.6)–(5.19)

(1, 1) ψ2ψ†2 20 + 8 + 28 + 2 58 3189 (5.20)–(5.52)
Total 5 30 + 12 + 40 + 4 108 5223

Dim-7 operators
N (n, ñ) Classes Ntype Nterm Noperator Equations
4 (3, 0) F 2

Lψ
2 + h.c. 4 + 0 + 4 + 0 8 60 (5.53)–(5.56)

(2, 1) F 2
Lψ
†2 + h.c. 4 + 0 + 4 + 0 8 60 (5.57)–(5.60)

ψ3ψ†D + h.c. 30 + 12 + 38 + 4 84 3846 (5.61)–(5.102)
Total 6 38 + 12 + 46 + 4 100 3966

Dim-8 operators
N (n, ñ) Classes Ntype Nterm Noperator Equations
4 (3, 1) ψ4D2 + h.c. 10 + 4 + 12 + 2 78 3204 (5.103)–(5.116)

(2, 2) FLFRψψ
†D 2 + 0 + 4 + 0 6 54 (5.117)–(5.120)

ψ2ψ†2D2 20 + 8 + 28 + 2 116 6129 (5.121)–(5.153)
5 (3, 0) FLψ

4 + h.c. 16 + 8 + 18 + 2 136 5238 (5.154)–(5.175)
(2, 1) FLψ

2ψ†2 + h.c. 68 + 32 + 92 + 4 212 10800 (5.176)–(5.273)
Total 8 116 + 52 + 154 + 10 548 25425

Table 6. The complete statistics of dimension 5, 6, 7, 8 νLEFT operators. N in the leftmost
column shows the number of particles. (n, ñ) are the numbers of ε and ε̃ in the Lorentz structure.
Ntype, Nterm, and Noperator show the number of types, terms and Hermitian operators respectively
(independent conjugates are counted), while the numbers under Ntype describe the sum of each
possible |∆L| types/operators with N = N (|∆L| = 0)+N (|∆L| = 1)+N (|∆L| = 2)+N (|∆L| = 4).
The links in the rightmost column refer to the list(s) of the terms in given classes.

In the following contents that list the operator basis, we should clarify that each ψ

(ψ†) in an operator class means a two-component left-handed (right-handed) spinor in this
class. The baryon number and lepton number violation pattern of each operator type are
presented next to the type as (∆B,∆L). The subscripts and superscripts {p, r, s, t, u, v},
{a, b, c, d, e, f} and {A,B,C,D} denote flavor indices, SU(3)C group (anti)fundamental
representation indices and SU(3)C group adjoint representation indices respectively. The
number of up-type quark fields uL,R flavor in this effective field theory is 2 (excluding the
heavy top quark which has been integrated out), and all other fermions flavor numbers are 3.
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Dim-9 operators
N (n, ñ) Classes Ntype Nterm Noperator Equations
4 (3, 2) FL

2ψ2D2 + h.c. 4 + 0 + 4 + 0 + 0 + 0 16 120 (5.274)–(5.277)
FLFRψ

2D2 + h.c. 4 + 0 + 4 + 0 + 0 + 0 8 60 (5.278)–(5.281)
FL

2ψ†2D2 + h.c. 4 + 0 + 4 + 0 + 0 + 0 8 60 (5.282)–(5.285)
ψ3ψ†D3 + h.c. 30 + 12 + 38 + 0 + 4 + 0 162 8136 (5.302)–(5.343)

5 (4, 0) FL
3ψ2 + h.c. 6 + 0 + 6 + 0 + 0 + 0 20 126 (5.286)–(5.291)

(3, 1) FL
3ψ†2 + h.c. 2 + 0 + 2 + 0 + 0 + 0 4 30 (5.292)–(5.293)

FLψ
3ψ†D + h.c. 50 + 24 + 62 + 0 + 4 + 0 602 28854 (5.344)–(5.413)

(2, 2) FLFR
2ψ2 + h.c. 8 + 0 + 8 + 0 + 0 + 0 16 96 (5.294)–(5.301)

FRψ
3ψ†D + h.c. 50 + 24 + 62 + 0 + 4 + 0 450 21300 (5.414)–(5.483)

6 (3, 0) ψ6 + h.c. 30 + 34 + 40 + 10 + 12 + 2 676 100782 (5.484)–(5.547)
(2, 1) ψ4ψ†2 + h.c. 252 + 254 + 344 + 78 + 72 + 4 2492 629862 (5.548)–(5.1049)

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

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

5.1 Lists of the dim-5 operators

Class FLψ
2: 2 types

OFLνLN̄R
(0, 0) iFL

µν
(
NRpσµννLr

)
(5.4)

OFLN̄2
R

(0,−2) Y
[

p
r

]
iFL

µν
(
NRpσµνCNRr

)
(5.5)

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

5.2 Lists of the dim-6 operators

Class ψ4: 14 types

O(1,2)
νLN̄RūRuL

(0, 0) (uLsaCνLt)
(
NRpCuR

a
r

)(
NRpuLsa

)
(uR

a
rνLt)

(5.6)

O(1,2)
N̄2

RūRuL
(0,−2) Y

[
p
r

] (
NRruLta

) (
NRpCuR

a
s

)
Y [ p r ]

(
NRpCNRr

)
(uR

a
suLta)

(5.7)
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O(1,2)
d2

LN̄RuL
(1,−1) Y [ p r ] εabc

(
NRsdLpa

)
(dLrbCuLtc)

Y
[

p
r

]
εabc

(
NRsuLtc

)
(dLpaCdLrb)

(5.8)

O(1,2)
d̄ReLN̄RuL

(0, 0)
(
NRsuLta

) (
dR

a
peLr

)
(eLrCuLta)

(
dR

a
pCNRs

) (5.9)

O(1,2)
dLēRN̄RūR

(0,−2) (eRrdLpa)
(
NRsCuR

a
t

)(
NRsdLpa

)
(eRrCuR

a
t )

(5.10)

O(1,2)
d̄2

RN̄RūR
(−1,−1) Y [ p r ] εabc

(
dR

a
pCNRs

) (
dR

b
rCuR

c
t

)
Y
[

p
r

]
εabc

(
dR

a
pCdR

b
r

) (
NRsCuR

c
t

) (5.11)

O(1,2)
d̄RdLνLN̄R

(0, 0)
(
NRsνLt

) (
dR

a
pdLra

)
(dLraCνLt)

(
dR

a
pCNRs

) (5.12)

O(1,2)
d̄RdLN̄2

R
(0,−2) Y

[
s
t

] (
NRtdLra

) (
dR

a
pCNRs

)
Y [ s t ]

(
NRsCNRt

) (
dR

a
pdLra

) (5.13)

O(1,2)
ēReLνLN̄R

(0, 0) (eRpeLr)
(
NRsνLt

)
(eLrCνLt)

(
eRpCNRs

) (5.14)

O(1,2)
ēReLN̄2

R
(0,−2) Y

[
s
t

] (
NRteLr

) (
eRpCNRs

)
Y [ s t ]

(
NRsCNRt

)
(eRpeLr)

(5.15)

Oν3
LN̄R

(0, 2) Y
[

r s
t

]
(νLsCνLt)

(
NRpνLr

)
(5.16)

O(1,2)
ν2

LN̄
2
R

(0, 0) Y
[

p
r
, s

t

] (
NRpνLs

) (
NRrνLt

)
Y [ p r , s t ] (νLsCνLt)

(
NRpCNRr

) (5.17)

OνLN̄3
R

(0,−2) Y
[

p r
s

] (
NRpCNRr

) (
NRsνLt

)
(5.18)

ON̄4
R

(0,−4) Y
[

p r
s t

] (
NRpCNRr

) (
NRsCNRt

)
(5.19)

Class ψ2ψ†2: 33 types

Oν̄LNRūRuL(0, 0) (νLtNRs)
(
uR

a
puLra

)
(5.20)

ON2
RūRuL

(0, 2) Y [ s t ] (NRsCNRt)
(
uR

a
puLra

)
(5.21)

OdRdLNRuL(1, 1) εabc (dRscCNRt) (dLpaCuLrb) (5.22)

Od̄ReRNRuL
(0, 2) (eRsCNRt)

(
dR

a
puLra

)
(5.23)

Od̄LeLNRuL
(0, 2) (eLpCuLra)

(
dL

a
sNRt

)
(5.24)

OνLNRuLūL(0, 2) (uLpaCνLr) (uL
a
tNRs) (5.25)

ON̄RNRuLūL
(0, 0)

(
NRpuLra

)
(uL

a
tNRs) (5.26)

Od̄LeRN̄RuL
(0, 0)

(
NRpuLra

) (
dL

a
seRt

)
(5.27)

Od2
RN̄RuL

(1,−1) Y
[

s
t

]
εabc

(
NRpuLra

)
(dRsbCdRtc) (5.28)
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OdLēLNRūR(0, 0) (eLsNRt) (uR
a
rdLpa) (5.29)

Od̄Rd̄LNRūR
(−1, 1) εabc

(
dL

c
sNRt

) (
dR

a
pCuR

b
r

)
(5.30)

OdRēRNRūR(0, 0) (dRsaCNRt) (eRpCuR
a
r) (5.31)

OνLNRūRuR(0, 2) (NRsCuRta)
(
uR

a
pνLr

)
(5.32)

ON̄RNRūRuR
(0, 0) (NRsCuRta)

(
NRpCuR

a
r

)
(5.33)

Od̄2
LN̄RūR

(−1,−1) Y
[

s
t

]
εabc

(
NRpCuR

a
r

) (
dL

b
sCdL

c
t

)
(5.34)

OdRēLN̄RūR
(0,−2) (eLtdRsa)

(
NRpCuR

a
r

)
(5.35)

Od̄RdLν̄LNR
(0, 0) (νLtNRs)

(
dR

a
pdLra

)
(5.36)

Od̄RdLN2
R

(0, 2) Y [ s t ] (NRsCNRt)
(
dR

a
pdLra

)
(5.37)

OdLd̄LνLNR
(0, 2) (dLpaCνLr)

(
dL

a
sNRt

)
(5.38)

OdLd̄LN̄RNR
(0, 0)

(
NRrdLpa

) (
dL

a
sNRt

)
(5.39)

Od̄RdRνLNR
(0, 2) (dRsaCNRt)

(
dR

a
pνLr

)
(5.40)

Od̄RdRN̄RNR
(0, 0) (dRsaCNRt)

(
dR

a
pCNRr

)
(5.41)

OēReLν̄LNR(0, 0) (eRpeLr) (νLtNRs) (5.42)
OēReLN2

R
(0, 2) Y [ s t ] (NRsCNRt) (eRpeLr) (5.43)

OeLēLνLNR(0, 2) (eLsNRt) (eLpCνLr) (5.44)

OeLēLN̄RNR
(0, 0)

(
NRreLp

)
(eLsNRt) (5.45)

OēReRνLNR(0, 2) (eRpνLr) (eRsCNRt) (5.46)

OēReRN̄RNR
(0, 0) (eRsCNRt)

(
eRpCNRr

)
(5.47)

Oν2
Lν̄LNR

(0, 2) Y [ p r ] (νLpCνLr) (νLtNRs) (5.48)

Oν2
LN

2
R

(0, 4) Y [ p r , s t ] (NRsCNRt) (νLpCνLr) (5.49)

OνLν̄LN̄RNR
(0, 0)

(
NRpνLr

)
(νLtNRs) (5.50)

OνLN̄RN2
R

(0, 2) Y [ s t ] (NRsCNRt)
(
NRpνLr

)
(5.51)

ON̄2
RN

2
R

(0, 0) Y [ p r , s t ] (NRsCNRt)
(
NRpCNRr

)
(5.52)

5.3 Lists of the dim-7 operators

Class FL
2ψ2: 4 types

OGL2νLN̄R
(0, 0)

(
NRpνLr

)
GAL µνG

A
L
µν (5.53)

OGL2N̄2
R

(0,−2) Y [ p r ]
(
NRpCNRr

)
GAL µνG

A
L
µν (5.54)

OFL2νLN̄R
(0, 0) FLµνFL

µν
(
NRpνLr

)
(5.55)

OFL2N̄2
R

(0,−2) Y [ p r ]FLµνFL
µν
(
NRpCNRr

)
(5.56)
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Class FL
2ψ†2: 4 types

OGL2ν̄LNR(0, 0) (νLrNRp)GAL µνGAL µν (5.57)
OGL2N2

R
(0, 2) Y [ p r ] (NRpCNRr)GAL µνGAL µν (5.58)

OFL2ν̄LNR(0, 0) FLµνFL
µν (νLrNRp) (5.59)

OFL2N2
R

(0, 2) Y [ p r ]FLµν (NRpCNRr)FL
µν (5.60)

Class ψ3ψ†D: 42 types

OνLNRūRuLD(0, 2) i
(
uR

a
pγµNRt

)
(uLraCD

µνLs) (5.61)

Oν̄LN̄RūRuLD
(0,−2) i

(
NRpγµCνLt

)
(uR

a
rD

µuLsa) (5.62)

ON̄RNRūRuLD
(0, 0) i

(
NRpγµNRt

)
(uR

a
rD

µuLsa) (5.63)

Od2
LNRuLD

(1, 1) Y [ p r ] iεabc (dLpaCγµNRt) (dLrbCD
µuLsc) (5.64)

OdRdLN̄RuLD
(1,−1) iεabc

(
NRrD

µuLsb
)

(dLpaCγµdRtc) (5.65)

Od̄ReLNRuLD
(0, 2) i

(
dR

a
pγµNRt

)
(eLrCD

µuLsa) (5.66)

Od̄ReRN̄RuLD
(0, 0) i

(
NRrD

µuLsa
) (
dR

a
pγµeRt

)
(5.67)

Od̄LeLN̄RuLD
(0, 0) i

(
NRrD

µuLsa
) (
dL

a
t γµeLp

)
(5.68)

OνLN̄RuLūLD
(0, 0) i (uLraCD

µνLs)
(
NRpγµCuL

a
t

)
(5.69)

ON̄2
RuLūLD

(0,−2) Y
[

p
r

]
i
(
NRrD

µuLsa
) (
NRpγµCuL

a
t

)
(5.70)

OdLēRNRūRD(0, 0) i (dLpaCγµNRt) (eRrCD
µuR

a
s) (5.71)

OdLēLN̄RūRD
(0,−2) i (eLtγµdLpa)

(
NRrCD

µuR
a
s

)
(5.72)

Od̄2
RNRūRD

(−1, 1) Y [ p r ] iεabc
(
dR

a
pγµNRt

) (
dR

b
rCD

µuR
c
s

)
(5.73)

Od̄Rd̄LN̄RūRD
(−1,−1) iεabc

(
NRrCD

µuR
b
s

) (
dR

a
pγµCdL

c
t

)
(5.74)

OdRēRN̄RūRD
(0,−2) i (eRpγµdRta)

(
NRrCD

µuR
a
s

)
(5.75)

OνLN̄RūRuRD
(0, 0) i

(
NRpγµuRta

)
(uR

a
rD

µνLs) (5.76)

ON̄2
RūRuRD

(0,−2) Y
[

p
r

]
i
(
NRpγµuRta

) (
NRrCD

µuR
a
s

)
(5.77)

Od2
LN̄RuRD

(1,−1) Y [ p r ] iεabc
(
DµNRsdLrb

)
(dLpaCγµuRtc) (5.78)

Od̄RdLνLNRD
(0, 2) i

(
dR

a
pγµNRt

)
(dLraCD

µνLs) (5.79)

Od̄RdLν̄LN̄RD
(0,−2) i

(
DµNRsdLra

) (
dR

a
pγµCνLt

)
(5.80)

Od̄RdLN̄RNRD
(0, 0) i

(
DµNRsdLra

) (
dR

a
pγµNRt

)
(5.81)

OdLēRN̄RūLD
(0,−2) i (uL

a
t γµdLpa)

(
eRrCD

µNRs
)

(5.82)

OdLd̄LνLN̄RD
(0, 0) i

(
dL

a
t γµdLpa

) (
NRrD

µνLs
)

(5.83)
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OdLd̄LN̄2
RD

(0,−2) Y
[

r
s

]
i
(
dL

a
t γµdLpa

) (
NRrCD

µNRs
)

(5.84)

Od̄2
RN̄RūLD

(−1,−1) Y [ p r ] iεabc
(
dR

b
rCD

µNRs
) (
dR

a
pγµCuL

c
t

)
(5.85)

Od̄ReLN̄RuRD
(0, 0) i

(
DµNRseLr

) (
dR

a
pγµuRta

)
(5.86)

Od̄RdRνLN̄RD
(0, 0) i

(
dR

a
pγµdRta

) (
NRrD

µνLs
)

(5.87)

Od̄RdRN̄2
RD

(0,−2) Y
[

r
s

]
i
(
dR

a
pγµdRta

) (
NRrCD

µNRs
)

(5.88)

OēReLνLNRD(0, 2) i (eRpγµNRt) (eLrCD
µνLs) (5.89)

OēReLν̄LN̄RD
(0,−2) i (eRpγµCνLt)

(
DµNRseLr

)
(5.90)

OēReLN̄RNRD
(0, 0) i (eRpγµNRt)

(
DµNRseLr

)
(5.91)

OeLēLνLN̄RD
(0, 0) i (eLtγµeLp)

(
NRrD

µνLs
)

(5.92)

OeLēLN̄2
RD

(0,−2) Y
[

r
s

]
i (eLtγµeLp)

(
NRrCD

µNRs
)

(5.93)

OēReRνLN̄RD
(0, 0) i (eRpγµeRt)

(
NRrD

µνLs
)

(5.94)

OēReRN̄2
RD

(0,−2) Y
[

r
s

]
i (eRpγµeRt)

(
NRrCD

µNRs
)

(5.95)

Oν3
LNRD

(0, 4) Y
[

p
r
s

]
i (νLrCD

µνLs) (νLpCγµNRt) (5.96)

Oν2
Lν̄LN̄RD

(0, 0) Y
[

r
s

]
i (νLrCD

µνLs)
(
NRpγµCνLt

)
(5.97)

Oν2
LN̄RNRD

(0, 2) Y
[

r
s

]
i
(
NRpγµNRt

)
(νLrCD

µνLs) (5.98)

OνLν̄LN̄2
RD

(0,−2) Y
[

p
r

]
i
(
NRpγµCνLt

) (
NRrD

µνLs
)

(5.99)

OνLN̄2
RNRD

(0, 0) Y
[

p
r

]
i
(
NRpγµNRt

) (
NRrD

µνLs
)

(5.100)

Oν̄LN̄3
RD

(0,−4) Y
[

p
r
s

]
i
(
NRrCD

µNRs
) (
NRpγµCνLt

)
(5.101)

ON̄3
RNRD

(0,−2) Y
[

p
r
s

]
i
(
NRpγµNRt

) (
NRrCD

µNRs
)

(5.102)

5.4 Lists of the dim-8 operators

Class ψ4D2: 14 types

O(1∼3)
νLN̄RūRuLD2(0, 0)

(
NRpCuR

a
r

)
(DµuLsaCD

µνLt)(
NRpuLsa

)
(DµuR

a
rD

µνLt)
i (DµuLsaCDννLt)

(
NRpσ

µνCuR
a
r

) (5.103)

O(1∼3)
N̄2

RūRuLD2(0,−2)
Y
[

p
r

] (
NRpCuR

a
s

) (
DµNRrD

µuLta
)

Y [ p r ]
(
NRpCNRr

)
(DµuR

a
sD

µuLta)
Y [ p r ]

(
NRpCuR

a
s

) (
DµNRrD

µuLta
) (5.104)

O(1∼3)
d2

LN̄RuLD2(1,−1)
Y [ p r ] εabc

(
NRsdLpa

)
(DµdLrbCD

µuLtc)
Y
[

p
r

]
εabc (dLpaCdLrb)

(
DµNRsD

µuLtc
)

Y
[

p
r

]
εabc

(
NRsdLpa

)
(DµdLrbCD

µuLtc)
(5.105)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼3)
d̄ReLN̄RuLD2(0, 0)

(
dR

a
peLr

) (
DµNRsD

µuLta
)(

dR
a
pCNRs

)
(DµeLrCD

µuLta)
i
(
DµNRsDνuLta

) (
dR

a
pσ

µνeLr
) (5.106)

O(1∼3)
dLēRN̄RūRD2(0,−2)

(eRrdLpa)
(
DµNRsCD

µuR
a
t

)(
NRsdLpa

)
(DµeRrCD

µuR
a
t )

i (eRrσ
µνdLpa)

(
DµNRsCDνuR

a
t

) (5.107)

O(1∼3)
d̄2

RN̄RūRD2(−1,−1)
Y [ p r ] εabc

(
dR

a
pCNRs

) (
DµdR

b
rCD

µuR
c
t

)
Y
[

p
r

]
εabc

(
dR

a
pCdR

b
r

) (
DµNRsCD

µuR
c
t

)
Y
[

p
r

]
εabc

(
dR

a
pCNRs

) (
DµdR

b
rCD

µuR
c
t

) (5.108)

O(1∼3)
d̄RdLνLN̄RD2(0, 0)

(
dR

a
pdLra

) (
DµNRsD

µνLt
)(

dR
a
pCNRs

)
(DµdLraCD

µνLt)
i
(
DµNRsDννLt

) (
dR

a
pσ

µνdLra
) (5.109)

O(1∼3)
d̄RdLN̄2

RD
2(0,−2)

Y
[

s
t

] (
dR

a
pCNRs

) (
DµNRtDµdLra

)
Y [ s t ]

(
dR

a
pdLra

) (
DµNRsCD

µNRt
)

Y [ s t ]
(
dR

a
pCNRs

) (
DµNRtDµdLra

) (5.110)

O(1∼3)
ēReLνLN̄RD2(0, 0)

(eRpeLr)
(
DµNRsD

µνLt
)(

eRpCNRs
)

(DµeLrCD
µνLt)

i
(
DµNRsDννLt

)
(eRpσ

µνeLr)
(5.111)

O(1∼3)
ēReLN̄2

RD
2(0,−2)

Y
[

s
t

] (
eRpCNRs

) (
DµNRtDµeLr

)
Y [ s t ] (eRpeLr)

(
DµNRsCD

µNRt
)

Y [ s t ]
(
eRpCNRs

) (
DµNRtDµeLr

) (5.112)

O(1,2)
ν3

LN̄RD2(0, 2) Y
[

r s
t

] (
NRpνLr

)
(DµνLsCD

µνLt)
Y [ r s t ]

(
NRpνLr

)
(DµνLsCD

µνLt)
(5.113)

O(1∼3)
ν2

LN̄
2
RD

2(0, 0)
Y
[

p
r
, s

t

] (
NRpνLs

) (
DµNRrD

µνLt
)

Y [ p r , s t ]
(
NRpCNRr

)
(DµνLsCD

µνLt)
Y [ p r , s t ]

(
NRpνLs

) (
DµNRrD

µνLt
) (5.114)

O(1,2)
νLN̄3

RD
2(0,−2) Y

[
p r
s

] (
NRpCNRr

) (
DµNRsD

µνLt
)

Y [ p r s ]
(
NRpCNRr

) (
DµNRsD

µνLt
) (5.115)

O(1,2)
N̄4

RD
2(0,−4) Y

[
p r
s t

] (
NRpCNRr

) (
DµNRsCD

µNRt
)

Y [ p r s t ]
(
NRpCNRr

) (
DµNRsCD

µNRt
) (5.116)

Class FLFRψψ
†D: 4 types

OGLGRνLNRD(0, 2) iGAL µνGARνλ
(
νLpCγ

λDµNRr
)

(5.117)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

OGLGRN̄RNRD
(0, 0) iGAL µνGARνλ

(
NRpγ

λDµNRr
)

(5.118)

OFLFRνLNRD(0, 2) iFL
µ
νFR

ν
λ

(
νLpCγ

λDµNRr
)

(5.119)

OFLFRN̄RNRD
(0, 0) iFL

µ
νFR

ν
λ

(
NRpγ

λDµNRr
)

(5.120)

Class ψ2ψ†2D2: 33 types

O(1,2)
ν̄LNRūRuLD2(0, 0)

(
uR

a
puLra

)
(DµνLtDµNRs)

i (DννLtDµNRs)
(
uR

a
pσ

µνuLra
) (5.121)

O(1,2)
N2

RūRuLD2(0, 2) Y
[

s
t

]
i (DµNRsCDνNRt)

(
uR

a
pσ

µνuLra
)

Y [ s t ]
(
uR

a
puLra

)
(DµNRsCD

µNRt)
(5.122)

O(1,2)
dRdLNRuLD2(1, 1) ε

abc (dLpaCuLrb) (DµdRscCD
µNRt)

iεabc (DµdRscCDνNRt) (dLpaCσ
µνuLrb)

(5.123)

O(1,2)
d̄ReRNRuLD2(0, 2)

(
dR

a
puLra

)
(DµeRsCD

µNRt)
i (DµeRsCDνNRt)

(
dR

a
pσ

µνuLra
) (5.124)

O(1,2)
d̄LeLNRuLD2(0, 2) (eLpCuLra)

(
DµdL

a
sD

µNRt
)

i
(
DµdL

a
sDνNRt

)
(eLpCσ

µνuLra)
(5.125)

O(1,2)
νLNRuLūLD2(0, 2) (uLpaCνLr) (DµuL

a
tDµNRs)

i (DνuL
a
tDµNRs) (uLpaCσ

µννLr)
(5.126)

O(1,2)
N̄RNRuLūLD2(0, 0)

(
NRpuLra

)
(DµuL

a
tDµNRs)

i (DνuL
a
tDµNRs)

(
NRpσ

µνuLra
) (5.127)

O(1,2)
d̄LeRN̄RuLD2(0, 0)

(
NRpuLra

) (
DµdL

a
sD

µeRt
)

i
(
DµdL

a
sDνeRt

) (
NRpσ

µνuLra
) (5.128)

O(1,2)
d2

RN̄RuLD2(1,−1) Y [ s t ] iεabc (DµdRsbCDνdRtc)
(
NRpσ

µνuLra
)

Y
[

s
t

]
εabc

(
NRpuLra

)
(DµdRsbCD

µdRtc)
(5.129)

O(1,2)
dLēLNRūRD2(0, 0) (uR

a
rdLpa) (DµeLsD

µNRt)
i (DµeLsDνNRt) (uR

a
rσ

µνdLpa)
(5.130)

O(1,2)
d̄Rd̄LNRūRD2(−1, 1) εabc

(
dR

a
pCuR

b
r

) (
DµdL

c
sD

µNRt
)

iεabc
(
DµdL

c
sDνNRt

) (
dR

a
pσ

µνCuR
b
r

) (5.131)

O(1,2)
dRēRNRūRD2(0, 0) (eRpCuR

a
r) (DµdRsaCD

µNRt)
i (DµdRsaCDνNRt) (eRpσ

µνCuR
a
r)

(5.132)

O(1,2)
νLNRūRuRD2(0, 2)

(
uR

a
pνLr

)
(DµNRsCD

µuRta)
i (DµNRsCDνuRta)

(
uR

a
pσ

µννLr
) (5.133)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1,2)
N̄RNRūRuRD2(0, 0)

(
NRpCuR

a
r

)
(DµNRsCD

µuRta)
i (DµNRsCDνuRta)

(
NRpσ

µνCuR
a
r

) (5.134)

O(1,2)
d̄2

LN̄RūRD2(−1,−1) Y [ s t ] iεabc
(
NRpσ

µνCuR
a
r

) (
DµdL

b
sCDνdL

c
t

)
Y
[

s
t

]
εabc

(
NRpCuR

a
r

) (
DµdL

b
sCD

µdL
c
t

) (5.135)

O(1,2)
dRēLN̄RūRD2(0,−2)

(
NRpCuR

a
r

)
(DµeLtDµdRsa)

i (DνeLtDµdRsa)
(
NRpσ

µνCuR
a
r

) (5.136)

O(1,2)
d̄RdLν̄LNRD2(0, 0)

(
dR

a
pdLra

)
(DµνLtDµNRs)

i (DννLtDµNRs)
(
dR

a
pσ

µνdLra
) (5.137)

O(1,2)
d̄RdLN2

RD
2(0, 2) Y

[
s
t

]
i (DµNRsCDνNRt)

(
dR

a
pσ

µνdLra
)

Y [ s t ]
(
dR

a
pdLra

)
(DµNRsCD

µNRt)
(5.138)

O(1,2)
dLd̄LνLNRD2(0, 2) (dLpaCνLr)

(
DµdL

a
sD

µNRt
)

i
(
DµdL

a
sDνNRt

)
(dLpaCσ

µννLr)
(5.139)

O(1,2)
dLd̄LN̄RNRD2(0, 0)

(
NRrdLpa

) (
DµdL

a
sD

µNRt
)

i
(
DµdL

a
sDνNRt

) (
NRrσ

µνdLpa
) (5.140)

O(1,2)
d̄RdRνLNRD2(0, 2)

(
dR

a
pνLr

)
(DµdRsaCD

µNRt)
i (DµdRsaCDνNRt)

(
dR

a
pσ

µννLr
) (5.141)

O(1,2)
d̄RdRN̄RNRD2(0, 0)

(
dR

a
pCNRr

)
(DµdRsaCD

µNRt)
i (DµdRsaCDνNRt)

(
dR

a
pσ

µνCNRr
) (5.142)

O(1,2)
ēReLν̄LNRD2(0, 0) (eRpeLr) (DµνLtDµNRs)

i (DννLtDµNRs) (eRpσ
µνeLr)

(5.143)

O(1,2)
ēReLN2

RD
2(0, 2) Y

[
s
t

]
i (DµNRsCDνNRt) (eRpσ

µνeLr)
Y [ s t ] (eRpeLr) (DµNRsCD

µNRt)
(5.144)

O(1,2)
eLēLνLNRD2(0, 2) (eLpCνLr) (DµeLsD

µNRt)
i (DµeLsDνNRt) (eLpCσ

µννLr)
(5.145)

O(1,2)
eLēLN̄RNRD2(0, 0)

(
NRreLp

)
(DµeLsD

µNRt)
i (DµeLsDνNRt)

(
NRrσ

µνeLp
) (5.146)

O(1,2)
ēReRνLNRD2(0, 2) (eRpνLr) (DµeRsCD

µNRt)
i (DµeRsCDνNRt) (eRpσ

µννLr)
(5.147)

O(1,2)
ēReRN̄RNRD2(0, 0)

(
eRpCNRr

)
(DµeRsCD

µNRt)
i (DµeRsCDνNRt)

(
eRpσ

µνCNRr
) (5.148)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1,2)
ν2

Lν̄LNRD2(0, 2) Y
[

p
r

]
i (DννLtDµNRs) (νLpCσ

µννLr)
Y [ p r ] (νLpCνLr) (DµνLtDµNRs)

(5.149)

O(1,2)
ν2

LN
2
RD

2(0, 4) Y
[

p
r
, s

t

]
i (DµNRsCDνNRt) (νLpCσ

µννLr)
Y [ p r , s t ] (νLpCνLr) (DµNRsCD

µNRt)
(5.150)

O(1,2)
νLν̄LN̄RNRD2(0, 0)

(
NRpνLr

)
(DµνLtDµNRs)

i (DννLtDµNRs)
(
NRpσ

µννLr
) (5.151)

O(1,2)
νLN̄RN2

RD
2(0, 2) Y

[
s
t

]
i (DµNRsCDνNRt)

(
NRpσ

µννLr
)

Y [ s t ]
(
NRpνLr

)
(DµNRsCD

µNRt)
(5.152)

O(1,2)
N̄2

RN
2
RD

2(0, 0) Y
[

p
r
, s

t

]
i (DµNRsCDνNRt)

(
NRpσ

µνCNRr
)

Y [ p r , s t ]
(
NRpCNRr

)
(DµNRsCD

µNRt)
(5.153)

Class FLψ
4: 22 types

O(1∼3)
GLνLN̄RūRuL

(0, 0)
i
(
λA
)b
a
GAL

µν (uLsbCνLt)
(
NRpσµνCuR

a
r

)
i
(
λA
)b
a
GAL

µν (uR
a
rνLt)

(
NRpσµνuLsb

)
i
(
λA
)b
a

(
NRpνLt

)
GAL µν (uR

a
rσ

µνuLsb)

(5.154)

O(1∼3)
GLN̄2

RūRuL
(0,−2)

Y
[

p
r

]
i
(
λA
)b
a
GAL

µν (uR
a
suLtb)

(
NRpσµνCNRr

)
Y
[

p
r

]
i
(
λA
)b
a
GAL

µν
(
NRruLtb

) (
NRpσµνCuR

a
s

)
Y [ p r ] i

(
λA
)b
a
GAL

µν
(
NRruLtb

) (
NRpσµνCuR

a
s

) (5.155)

O(1∼6)
GLd2

LN̄RuL
(1,−1)

Y
[

p
r

]
i
(
λA
)b
d
εacdGAL

µν
(
NRsuLtc

)
(dLpaCσµνdLrb)

Y
[

p
r

]
i
(
λA
)b
d
εacdGAL

µν (dLrbCuLtc)
(
NRsσµνdLpa

)
Y
[

p
r

]
i
(
λA
)a
d
εbcdGAL

µν (dLrbCuLtc)
(
NRsσµνdLpa

)
Y [ p r ] i

(
λA
)b
d
εacdGAL

µν
(
NRsuLtc

)
(dLpaCσµνdLrb)

Y [ p r ] i
(
λA
)b
d
εacdGAL

µν (dLrbCuLtc)
(
NRsσµνdLpa

)
Y [ p r ] i

(
λA
)a
d
εbcdGAL

µν (dLrbCuLtc)
(
NRsσµνdLpa

)
(5.156)

O(1∼3)
GLd̄ReLN̄RuL

(0, 0)
i
(
λA
)b
a
GAL

µν
(
NRsuLtb

) (
dR

a
pσµνeLr

)
i
(
λA
)b
a
GAL

µν (eLrCuLtb)
(
dR

a
pσµνCNRs

)
i
(
λA
)b
a
GAL µν

(
dR

a
puLtb

) (
NRsσ

µνeLr
) (5.157)

O(1∼3)
GLdLēRN̄RūR

(0,−2)
i
(
λA
)a
b
GAL

µν
(
NRsCuR

b
t

)
(eRrσµνdLpa)

i
(
λA
)a
b
GAL

µν
(
eRrCuR

b
t

) (
NRsσµνdLpa

)
i
(
λA
)a
b
GAL µν

(
uR

b
tdLpa

) (
eRrσ

µνCNRs
) (5.158)
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E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼6)
GLd̄2

RN̄RūR
(−1,−1)

Y
[

p
r

]
iεacd

(
λA
)d
b
GAL

µν
(
NRsCuR

c
t

) (
dR

a
pσµνCdR

b
r

)
Y
[

p
r

]
iεacd

(
λA
)d
b
GAL

µν
(
dR

b
rCuR

c
t

) (
dR

a
pσµνCNRs

)
Y
[

p
r

]
iεabd

(
λA
)d
c
GAL

µν
(
dR

b
rCuR

c
t

) (
dR

a
pσµνCNRs

)
Y [ p r ] iεacd

(
λA
)d
b
GAL

µν
(
NRsCuR

c
t

) (
dR

a
pσµνCdR

b
r

)
Y [ p r ] iεacd

(
λA
)d
b
GAL

µν
(
dR

b
rCuR

c
t

) (
dR

a
pσµνCNRs

)
Y [ p r ] iεabd

(
λA
)d
c
GAL

µν
(
dR

b
rCuR

c
t

) (
dR

a
pσµνCNRs

)
(5.159)

O(1∼3)
GLd̄RdLνLN̄R

(0, 0)
i
(
λA
)b
a

(
NRsνLt

)
GAL

µν
(
dR

a
pσµνdLrb

)
i
(
λA
)b
a
GAL

µν (dLrbCνLt)
(
dR

a
pσµνCNRs

)
i
(
λA
)b
a
GAL µν

(
dR

a
pνLt

) (
NRsσ

µνdLrb
) (5.160)

O(1∼3)
GLd̄RdLN̄2

R
(0,−2)

Y
[

s
t

]
i
(
λA
)b
a
GAL

µν
(
NRtdLrb

) (
dR

a
pσµνCNRs

)
Y
[

s
t

]
i
(
λA
)b
a
GAL µν

(
dR

a
pCNRt

) (
NRsσ

µνdLrb
)

Y [ s t ] i
(
λA
)b
a

(
NRsCNRt

)
GAL

µν
(
dR

a
pσµνdLrb

) (5.161)

O(1∼3)
FLνLN̄RūRuL

(0, 0)
iFL

µν (uLsaCνLt)
(
NRpσµνCuR

a
r

)
iFL

µν (uR
a
rνLt)

(
NRpσµνuLsa

)
iFLµν

(
NRpνLt

)
(uR

a
rσ

µνuLsa)
(5.162)

O(1∼3)
FLN̄2

RūRuL
(0,−2)

Y
[

p
r

]
iFL

µν (uR
a
suLta)

(
NRpσµνCNRr

)
Y
[

p
r

]
iFL

µν
(
NRruLta

) (
NRpσµνCuR

a
s

)
Y [ p r ] iFL

µν
(
NRruLta

) (
NRpσµνCuR

a
s

) (5.163)

O(1∼3)
FLd2

LN̄RuL
(1,−1)

Y [ p r ] iεabcFL
µν
(
NRsuLtc

)
(dLpaCσµνdLrb)

Y [ p r ] iεabcFL
µν (dLrbCuLtc)

(
NRsσµνdLpa

)
Y
[

p
r

]
iεabcFL

µν (dLrbCuLtc)
(
NRsσµνdLpa

) (5.164)

O(1∼3)
FLd̄ReLN̄RuL

(0, 0)
iFL

µν
(
NRsuLta

) (
dR

a
pσµνeLr

)
iFL

µν (eLrCuLta)
(
dR

a
pσµνCNRs

)
iFLµν

(
dR

a
puLta

) (
NRsσ

µνeLr
) (5.165)

O(1∼3)
FLdLēRN̄RūR

(0,−2)
iFL

µν
(
NRsCuR

a
t

)
(eRrσµνdLpa)

iFL
µν (eRrCuR

a
t )
(
NRsσµνdLpa

)
iFLµν (uR

a
t dLpa)

(
eRrσ

µνCNRs
) (5.166)

O(1∼3)
FLd̄2

RN̄RūR
(−1,−1)

Y [ p r ] iεabcFL
µν
(
NRsCuR

c
t

) (
dR

a
pσµνCdR

b
r

)
Y [ p r ] iεabcFL

µν
(
dR

b
rCuR

c
t

) (
dR

a
pσµνCNRs

)
Y
[

p
r

]
iεabcFL

µν
(
dR

b
rCuR

c
t

) (
dR

a
pσµνCNRs

) (5.167)

– 80 –



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

O(1∼3)
FLd̄RdLνLN̄R

(0, 0)
iFL

µν
(
NRsνLt

) (
dR

a
pσµνdLra

)
iFL

µν (dLraCνLt)
(
dR

a
pσµνCNRs

)
iFLµν

(
dR

a
pνLt

) (
NRsσ

µνdLra
) (5.168)

O(1∼3)
FLd̄RdLN̄2

R
(0,−2)

Y
[

s
t

]
iFL

µν
(
NRtdLra

) (
dR

a
pσµνCNRs

)
Y
[

s
t

]
iFLµν

(
dR

a
pCNRt

) (
NRsσ

µνdLra
)

Y [ s t ] iFL
µν
(
NRsCNRt

) (
dR

a
pσµνdLra

) (5.169)

O(1∼3)
FLēReLνLN̄R

(0, 0)
iFL

µν
(
NRsνLt

)
(eRpσµνeLr)

iFL
µν (eLrCνLt)

(
eRpσµνCNRs

)
iFLµν (eRpνLt)

(
NRsσ

µνeLr
) (5.170)

O(1∼3)
FLēReLN̄2

R
(0,−2)

Y
[

s
t

]
iFL

µν
(
NRteLr

) (
eRpσµνCNRs

)
Y
[

s
t

]
iFLµν

(
eRpCNRt

) (
NRsσ

µνeLr
)

Y [ s t ] iFL
µν
(
NRsCNRt

)
(eRpσµνeLr)

(5.171)

O(1,2)
FLν3

LN̄R
(0, 2) Y

[
r
s
t

]
iFLµν

(
NRpνLt

)
(νLrCσ

µννLs)

Y
[

r s
t

]
i (νLsCνLt)FL

µν
(
NRpσµννLr

) (5.172)

O(1∼3)
FLν2

LN̄
2
R

(0, 0)
Y
[

p
r
, s

t

]
iFL

µν
(
NRrνLt

) (
NRpσµννLs

)
Y
[

p
r
, s t

]
i (νLsCνLt)FL

µν
(
NRpσµνCNRr

)
Y
[

p r , s
t

]
iFL

µν
(
NRrνLt

) (
NRpσµννLs

) (5.173)

O(1,2)
FLνLN̄3

R
(0,−2) Y

[
p
r
s

]
iFL

µν
(
NRsνLt

) (
NRpσµνCNRr

)
Y
[

p r
s

]
iFL

µν
(
NRsνLt

) (
NRpσµνCNRr

) (5.174)

OFLN̄4
R

(0,−4) Y
[

p r
s
t

]
iFL

µν
(
NRrCNRt

) (
NRpσµνCNRs

)
(5.175)

Class FLψ
2ψ†2: 98 types

OGLν̄LNRūRuL(0, 0) i
(
λA
)b
a

(νLtNRs)GAL µν
(
uR

a
pσµνuLrb

)
(5.176)

OGLN2
RūRuL

(0, 2) Y [ s t ] i
(
λA
)b
a

(NRsCNRt)GAL µν
(
uR

a
pσµνuLrb

)
(5.177)

O(1,2)
GLdRdLNRuL

(1, 1)
i
(
λA
)b
d
εacdGAL

µν (dRscCNRt) (dLpaCσµνuLrb)
i
(
λA
)a
d
εbcdGAL

µν (dRscCNRt) (dLpaCσµνuLrb)
(5.178)

OGLd̄ReRNRuL
(0, 2) i

(
λA
)b
a
GAL

µν (eRsCNRt)
(
dR

a
pσµνuLrb

)
(5.179)

OGLd̄LeLNRuL
(0, 2) i

(
λA
)a
b
GAL

µν
(
dL

b
sNRt

)
(eLpCσµνuLra) (5.180)

OGLνLNRuLūL(0, 2) i
(
λA
)a
b
GAL

µν
(
uL

b
tNRs

)
(uLpaCσµννLr) (5.181)

OGLν̄LN̄RuLūL
(0,−2) i

(
λA
)a
b
GAL

µν
(
uL

b
sCνLt

) (
NRpσµνuLra

)
(5.182)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

OGLN̄RNRuLūL
(0, 0) i

(
λA
)a
b
GAL

µν
(
uL

b
tNRs

) (
NRpσµνuLra

)
(5.183)

OGLd̄LeRN̄RuL
(0, 0) i

(
λA
)a
b
GAL

µν
(
dL

b
seRt

) (
NRpσµνuLra

)
(5.184)

O(1,2)
GLd2

RN̄RuL
(1,−1) Y [ s t ] i

(
λA
)b
d
εacdGAL

µν (dRsbCdRtc)
(
NRpσµνuLra

)
Y
[

s
t

]
i
(
λA
)b
d
εacdGAL

µν (dRsbCdRtc)
(
NRpσµνuLra

) (5.185)

OGLdLēLNRūR(0, 0) i
(
λA
)a
b

(eLsNRt)GAL µν
(
uR

b
rσµνdLpa

)
(5.186)

O(1,2)
GLd̄Rd̄LNRūR

(−1, 1) iεacd
(
λA
)d
b
GAL

µν
(
dL

c
sNRt

) (
dR

a
pσµνCuR

b
r

)
iεabd

(
λA
)d
c
GAL

µν
(
dL

c
sNRt

) (
dR

a
pσµνCuR

b
r

) (5.187)

OGLdRēRNRūR(0, 0) i
(
λA
)b
a
GAL

µν (dRsbCNRt) (eRpσµνCuR
a
r) (5.188)

OGLνLNRūRuR(0, 2) i
(
λA
)b
a
GAL

µν (NRsCuRtb)
(
uR

a
pσµννLr

)
(5.189)

OGLν̄LN̄RūRuR
(0,−2) i

(
λA
)b
a
GAL

µν (νLtuRsb)
(
NRpσµνCuR

a
r

)
(5.190)

OGLN̄RNRūRuR
(0, 0) i

(
λA
)b
a
GAL

µν (NRsCuRtb)
(
NRpσµνCuR

a
r

)
(5.191)

O(1,2)
GLd̄2

LN̄RūR
(−1,−1) Y [ s t ] iεacd

(
λA
)d
b
GAL

µν
(
dL

b
sCdL

c
t

) (
NRpσµνCuR

a
r

)
Y
[

s
t

]
iεacd

(
λA
)d
b
GAL

µν
(
dL

b
sCdL

c
t

) (
NRpσµνCuR

a
r

) (5.192)

OGLdRēLN̄RūR
(0,−2) i

(
λA
)b
a
GAL

µν (eLtdRsb)
(
NRpσµνCuR

a
r

)
(5.193)

O(1,2)
GLd2

LNRuR
(1, 1) Y

[
p
r

]
i
(
λA
)b
d
εacdGAL

µν (NRsCuRtc) (dLpaCσµνdLrb)

Y [ p r ] i
(
λA
)b
d
εacdGAL

µν (NRsCuRtc) (dLpaCσµνdLrb)
(5.194)

OGLd̄RdLν̄LNR
(0, 0) i

(
λA
)b
a

(νLtNRs)GAL µν
(
dR

a
pσµνdLrb

)
(5.195)

OGLd̄RdLN2
R

(0, 2) Y [ s t ] i
(
λA
)b
a

(NRsCNRt)GAL µν
(
dR

a
pσµνdLrb

)
(5.196)

OGLdLēRNRūL(0, 0) i
(
λA
)a
b
GAL

µν
(
uL

b
tNRs

)
(eRrσµνdLpa) (5.197)

OGLdLd̄LνLNR
(0, 2) i

(
λA
)a
b
GAL

µν
(
dL

b
sNRt

)
(dLpaCσµννLr) (5.198)

OGLdLēLN̄RūL
(0,−2) i

(
λA
)a
b
GAL

µν
(
eLsCuL

b
t

) (
NRrσµνdLpa

)
(5.199)

O(1,2)
GLdRdLN̄RuR

(1,−1) i
(
λA
)b
d
εacdGAL

µν (dRsbCuRtc)
(
NRrσµνdLpa

)
i
(
λA
)a
d
εbcdGAL

µν (dRsbCuRtc)
(
NRrσµνdLpa

) (5.200)

OGLdLd̄Lν̄LN̄R
(0,−2) i

(
λA
)a
b
GAL

µν
(
dL

b
sCνLt

) (
NRrσµνdLpa

)
(5.201)

OGLdLd̄LN̄RNR
(0, 0) i

(
λA
)a
b
GAL

µν
(
dL

b
sNRt

) (
NRrσµνdLpa

)
(5.202)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1,2)
GLd̄2

RNRūL
(−1, 1) Y

[
p
r

]
iεacd

(
λA
)d
b
GAL

µν (uL
c
tNRs)

(
dR

a
pσµνCdR

b
r

)
Y [ p r ] iεacd

(
λA
)d
b
GAL

µν (uL
c
tNRs)

(
dR

a
pσµνCdR

b
r

) (5.203)

OGLd̄ReLNRuR
(0, 2) i

(
λA
)b
a
GAL

µν (NRsCuRtb)
(
dR

a
pσµνeLr

)
(5.204)

OGLd̄RdRνLNR
(0, 2) i

(
λA
)b
a
GAL

µν (dRsbCNRt)
(
dR

a
pσµννLr

)
(5.205)

O(1,2)
GLd̄Rd̄LN̄RūL

(−1,−1) iεacd
(
λA
)d
b
GAL

µν
(
dL

b
sCuL

c
t

) (
dR

a
pσµνCNRr

)
iεabd

(
λA
)d
c
GAL

µν
(
dL

b
sCuL

c
t

) (
dR

a
pσµνCNRr

) (5.206)

OGLd̄ReRN̄RuR
(0, 0) i

(
λA
)b
a
GAL

µν (eRsCuRtb)
(
dR

a
pσµνCNRr

)
(5.207)

OGLd̄RdRν̄LN̄R
(0,−2) i

(
λA
)b
a
GAL

µν (νLtdRsb)
(
dR

a
pσµνCNRr

)
(5.208)

OGLd̄RdRN̄RNR
(0, 0) i

(
λA
)b
a
GAL

µν (dRsbCNRt)
(
dR

a
pσµνCNRr

)
(5.209)

OGLd̄LeLN̄RuR
(0, 0) i

(
λA
)b
a
GAL

µν
(
dL

a
suRtb

) (
NRrσµνeLp

)
(5.210)

OGLdRēRN̄RūL
(0,−2) i

(
λA
)a
b
GAL

µν
(
uL

b
tdRsa

) (
eRpσµνCNRr

)
(5.211)

OGLνLN̄RuRūL
(0, 0) i

(
λA
)a
b
GAL

µν
(
uL

b
tuRsa

) (
NRpσµννLr

)
(5.212)

OGLdRd̄LνLN̄R
(0, 0) i

(
λA
)a
b
GAL

µν
(
dL

b
tdRsa

) (
NRpσµννLr

)
(5.213)

OGLN̄2
RuRūL

(0,−2) Y
[

p
r

]
i
(
λA
)a
b
GAL

µν
(
uL

b
tuRsa

) (
NRpσµνCNRr

)
(5.214)

OGLdRd̄LN̄2
R

(0,−2) Y
[

p
r

]
i
(
λA
)a
b
GAL

µν
(
dL

b
tdRsa

) (
NRpσµνCNRr

)
(5.215)

OFLν̄LNRūRuL(0, 0) iFL
µν (νLtNRs)

(
uR

a
pσµνuLra

)
(5.216)

OFLN2
RūRuL

(0, 2) Y [ s t ] i (NRsCNRt)FL
µν
(
uR

a
pσµνuLra

)
(5.217)

OFLdRdLNRuL(1, 1) iεabcFL
µν (dRscCNRt) (dLpaCσµνuLrb) (5.218)

OFLd̄ReRNRuL
(0, 2) iFL

µν (eRsCNRt)
(
dR

a
pσµνuLra

)
(5.219)

OFLd̄LeLNRuL
(0, 2) iFL

µν
(
dL

a
sNRt

)
(eLpCσµνuLra) (5.220)

OFLνLNRuLūL(0, 2) iFL
µν (uL

a
tNRs) (uLpaCσµννLr) (5.221)

OFLν̄LN̄RuLūL
(0,−2) iFL

µν (uL
a
sCνLt)

(
NRpσµνuLra

)
(5.222)

OFLN̄RNRuLūL
(0, 0) iFL

µν (uL
a
tNRs)

(
NRpσµνuLra

)
(5.223)

OFLd̄LeRN̄RuL
(0, 0) iFL

µν
(
dL

a
seRt

) (
NRpσµνuLra

)
(5.224)

OFLd2
RN̄RuL

(1,−1) Y
[

s
t

]
iεabcFL

µν (dRsbCdRtc)
(
NRpσµνuLra

)
(5.225)

OFLdLēLNRūR(0, 0) iFL
µν (eLsNRt) (uR

a
rσµνdLpa) (5.226)
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H
E
P
1
1
(
2
0
2
1
)
0
0
3

OFLd̄Rd̄LNRūR
(−1, 1) iεabcFL

µν
(
dL

c
sNRt

) (
dR

a
pσµνCuR

b
r

)
(5.227)

OFLdRēRNRūR(0, 0) iFL
µν (dRsaCNRt) (eRpσµνCuR

a
r) (5.228)

OFLνLNRūRuR(0, 2) iFL
µν (NRsCuRta)

(
uR

a
pσµννLr

)
(5.229)

OFLν̄LN̄RūRuR
(0,−2) iFL

µν (νLtuRsa)
(
NRpσµνCuR

a
r

)
(5.230)

OFLN̄RNRūRuR
(0, 0) iFL

µν (NRsCuRta)
(
NRpσµνCuR

a
r

)
(5.231)

OFLd̄2
LN̄RūR

(−1,−1) Y
[

s
t

]
iεabcFL

µν
(
dL

b
sCdL

c
t

) (
NRpσµνCuR

a
r

)
(5.232)

OFLdRēLN̄RūR
(0,−2) iFL

µν (eLtdRsa)
(
NRpσµνCuR

a
r

)
(5.233)

OFLd2
LNRuR

(1, 1) Y [ p r ] iεabcFL
µν (NRsCuRtc) (dLpaCσµνdLrb) (5.234)

OFLd̄RdLν̄LNR
(0, 0) iFL

µν (νLtNRs)
(
dR

a
pσµνdLra

)
(5.235)

OFLd̄RdLN2
R

(0, 2) Y [ s t ] i (NRsCNRt)FL
µν
(
dR

a
pσµνdLra

)
(5.236)

OFLdLēRNRūL(0, 0) iFL
µν (uL

a
tNRs) (eRrσµνdLpa) (5.237)

OFLdLd̄LνLNR
(0, 2) iFL

µν
(
dL

a
sNRt

)
(dLpaCσµννLr) (5.238)

OFLdLēLN̄RūL
(0,−2) iFL

µν (eLsCuL
a
t )
(
NRrσµνdLpa

)
(5.239)

OFLdRdLN̄RuR
(1,−1) iεabcFL

µν (dRsbCuRtc)
(
NRrσµνdLpa

)
(5.240)

OFLdLd̄Lν̄LN̄R
(0,−2) iFL

µν
(
dL

a
sCνLt

) (
NRrσµνdLpa

)
(5.241)

OFLdLd̄LN̄RNR
(0, 0) iFL

µν
(
dL

a
sNRt

) (
NRrσµνdLpa

)
(5.242)

OFLd̄2
RNRūL

(−1, 1) Y [ p r ] iεabcFL
µν (uL

c
tNRs)

(
dR

a
pσµνCdR

b
r

)
(5.243)

OFLd̄ReLNRuR
(0, 2) iFL

µν (NRsCuRta)
(
dR

a
pσµνeLr

)
(5.244)

OFLd̄RdRνLNR
(0, 2) iFL

µν (dRsaCNRt)
(
dR

a
pσµννLr

)
(5.245)

OFLd̄Rd̄LN̄RūL
(−1,−1) iεabcFL

µν
(
dL

b
sCuL

c
t

) (
dR

a
pσµνCNRr

)
(5.246)

OFLd̄ReRN̄RuR
(0, 0) iFL

µν (eRsCuRta)
(
dR

a
pσµνCNRr

)
(5.247)

OFLd̄RdRν̄LN̄R
(0,−2) iFL

µν (νLtdRsa)
(
dR

a
pσµνCNRr

)
(5.248)

OFLd̄RdRN̄RNR
(0, 0) iFL

µν (dRsaCNRt)
(
dR

a
pσµνCNRr

)
(5.249)

OFLēReLν̄LNR(0, 0) iFL
µν (νLtNRs) (eRpσµνeLr) (5.250)

OFLēReLN2
R

(0, 2) Y [ s t ] i (NRsCNRt)FL
µν (eRpσµνeLr) (5.251)

OFLeLēLνLNR(0, 2) iFL
µν (eLsNRt) (eLpCσµννLr) (5.252)

OFLd̄LeLN̄RuR
(0, 0) iFL

µν
(
dL

a
suRta

) (
NRrσµνeLp

)
(5.253)
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H
E
P
1
1
(
2
0
2
1
)
0
0
3

OFLeLēLν̄LN̄R
(0,−2) iFL

µν (eLsCνLt)
(
NRrσµνeLp

)
(5.254)

OFLeLēLN̄RNR
(0, 0) iFL

µν (eLsNRt)
(
NRrσµνeLp

)
(5.255)

OFLēReRνLNR(0, 2) iFL
µν (eRsCNRt) (eRpσµννLr) (5.256)

OFLdRēRN̄RūL
(0,−2) iFL

µν (uL
a
t dRsa)

(
eRpσµνCNRr

)
(5.257)

OFLēReRν̄LN̄R
(0,−2) iFL

µν (νLteRs)
(
eRpσµνCNRr

)
(5.258)

OFLēReRN̄RNR
(0, 0) iFL

µν (eRsCNRt)
(
eRpσµνCNRr

)
(5.259)

OFLν2
Lν̄LNR

(0, 2) Y
[

p
r

]
iFL

µν (νLtNRs) (νLpCσµννLr) (5.260)

OFLν2
LN

2
R

(0, 4) Y
[

p
r
, s t

]
i (NRsCNRt)FL

µν (νLpCσµννLr) (5.261)

OFLνLN̄RuRūL
(0, 0) iFL

µν (uL
a
t uRsa)

(
NRpσµννLr

)
(5.262)

OFLdRd̄LνLN̄R
(0, 0) iFL

µν
(
dL

a
t dRsa

) (
NRpσµννLr

)
(5.263)

OFLeRēLνLN̄R
(0, 0) iFL

µν (eLteRs)
(
NRpσµννLr

)
(5.264)

OFLνLν̄2
LN̄R

(0,−2) Y [ s t ] iFL
µν (νLsCνLt)

(
NRpσµννLr

)
(5.265)

OFLνLν̄LN̄RNR
(0, 0) iFL

µν (νLtNRs)
(
NRpσµννLr

)
(5.266)

OFLνLN̄RN2
R

(0, 2) Y [ s t ] i (NRsCNRt)FL
µν
(
NRpσµννLr

)
(5.267)

OFLN̄2
RuRūL

(0,−2) Y
[

p
r

]
iFL

µν (uL
a
t uRsa)

(
NRpσµνCNRr

)
(5.268)

OFLdRd̄LN̄2
R

(0,−2) Y
[

p
r

]
iFL

µν
(
dL

a
t dRsa

) (
NRpσµνCNRr

)
(5.269)

OFLeRēLN̄2
R

(0,−2) Y
[

p
r

]
iFL

µν (eLteRs)
(
NRpσµνCNRr

)
(5.270)

OFLν̄2
LN̄

2
R

(0,−4) Y
[

p
r
, s t

]
iFL

µν (νLsCνLt)
(
NRpσµνCNRr

)
(5.271)

OFLν̄LN̄2
RNR

(0,−2) Y
[

p
r

]
iFL

µν (νLtNRs)
(
NRpσµνCNRr

)
(5.272)

OFLN̄2
RN

2
R

(0, 0) Y
[

p
r
, s t

]
i (NRsCNRt)FL

µν
(
NRpσµνCNRr

)
(5.273)

5.5 Lists of the dim-9 operators

5.5.1 Classes involving two-fermions

Class FL
2ψ2D2: 4 types

O(1,2)
GL2νLN̄RD2(0, 0) G

A
L νλG

A
L
νλ
(
DµNRpD

µνLr
)

iGAL
λρGAL µν

(
DλNRpσ

µνDρνLr
) (5.274)

O(1,2)
GL2N̄2

RD
2(0,−2) Y [ p r ]GAL νλGAL νλ

(
DµNRpCD

µNRr
)

Y [ p r ] iGAL λρGAL µν
(
DλNRpσ

µνCDρNRr
) (5.275)
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)
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O(1,2)
FL2νLN̄RD2(0, 0) FLνλFL

νλ
(
DµNRpD

µνLr
)

iFLµνFL
λρ
(
DλNRpσ

µνDρνLr
) (5.276)

O(1,2)
FL2N̄2

RD
2(0,−2) Y [ p r ]FLνλFL

νλ
(
DµNRpCD

µNRr
)

Y [ p r ] iFLµνFL
λρ
(
DλNRpσ

µνCDρNRr
) (5.277)

Class FLFRψ
2D2: 4 types

OGLGRνLN̄RD2(0, 0) GAL µλGARνλ
(
NRpDµDννLr

)
(5.278)

OGLGRN̄2
RD

2(0,−2) Y [ p r ]GAL µλGARνλ
(
NRpCDµDνNRr

)
(5.279)

OFLFRνLN̄RD2(0, 0) FL
µ
λFR

νλ
(
NRpDµDννLr

)
(5.280)

OFLFRN̄2
RD

2(0,−2) Y [ p r ]FL
µ
λFR

νλ
(
NRpCDµDνNRr

)
(5.281)

Class FL
2ψ†2D2: 4 types

OGL2ν̄LNRD2(0, 0) GAL νλGAL νλ (DµνLrDµNRp) (5.282)
OGL2N2

RD
2(0, 2) Y [ p r ]GAL νλGAL νλ (DµNRpCD

µNRr) (5.283)

OFL2ν̄LNRD2(0, 0) FLνλFL
νλ (DµνLrDµNRp) (5.284)

OFL2N2
RD

2(0, 2) Y [ p r ]FLνλFL
νλ (DµNRpCD

µNRr) (5.285)

Class FL
3ψ2: 6 types

O(1,2)
GL3νLN̄R

(0, 0) id
ABCGAL µνG

B
L
µνGCL λρ

(
NRpσ

λρνLr
)

fABC
(
NRpνLr

)
GAL µνG

B
L
µ
λG

C
L
νλ

(5.286)

O(1,2)
GL3N̄2

R
(0,−2) Y

[
p
r

]
idABCGAL µνG

B
L
µνGCL λρ

(
NRpσ

λρCNRr
)

Y [ p r ] fABC
(
NRpCNRr

)
GAL µνG

B
L
µ
λG

C
L
νλ

(5.287)

O(1,2)
FLGL2νLN̄R

(0, 0) iFLµνG
A
L λρG

A
L
µν
(
NRpσ

λρνLr
)

iFLµνG
A
L
µ
λG

A
L
λ
ρ

(
NRpσ

νρνLr
) (5.288)

O(1,2)
FLGL2N̄2

R
(0,−2) Y

[
p
r

]
iFLµνG

A
L λρG

A
L
µν
(
NRpσ

λρCNRr
)

Y
[

p
r

]
iFLµνG

A
L
µ
λG

A
L
λ
ρ

(
NRpσ

νρCNRr
) (5.289)

OFL3νLN̄R
(0, 0) iFLλρFLµνFL

µν
(
NRpσ

λρνLr
)

(5.290)

OFL3N̄2
R

(0,−2) Y
[

p
r

]
iFLλρFLµνFL

µν
(
NRpσ

λρCNRr
)

(5.291)

Class FL
3ψ†2: 2 types

OGL3ν̄LNR(0, 0) fABC (νLrNRp)GAL µνGBL µλGCL νλ (5.292)
OGL3N2

R
(0, 2) Y [ p r ] fABC (NRpCNRr)GAL µνGBL µλGCL νλ (5.293)
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Class FLFR
2ψ2: 8 types

OGLGR2νLN̄R
(0, 0) idABCGAL µνGBRλρGCRλρ

(
NRpσ

µννLr
)

(5.294)

OFRGLGRνLN̄R
(0, 0) iFRλρG

A
L µνG

A
R
λρ
(
NRpσ

µννLr
)

(5.295)

OGLGR2N̄2
R

(0,−2) Y
[

p
r

]
idABCGAL µνG

B
RλρG

C
R
λρ
(
NRpσ

µνCNRr
)

(5.296)

OFRGLGRN̄2
R

(0,−2) Y
[

p
r

]
iFRλρG

A
L µνG

A
R
λρ
(
NRpσ

µνCNRr
)

(5.297)

OFLGR2νLN̄R
(0, 0) iFLµνG

A
RλρG

A
R
λρ
(
NRpσ

µννLr
)

(5.298)

OFLFR2νLN̄R
(0, 0) iFLµνFRλρFR

λρ
(
NRpσ

µννLr
)

(5.299)

OFLGR2N̄2
R

(0,−2) Y
[

p
r

]
iFLµνG

A
RλρG

A
R
λρ
(
NRpσ

µνCNRr
)

(5.300)

OFLFR2N̄2
R

(0,−2) Y
[

p
r

]
iFLµνFRλρFR

λρ
(
NRpσ

µνCNRr
)

(5.301)

5.5.2 Classes involving four-fermions

Class ψ3ψ†D3: 42 types

O(1,2)
νLNRūRuLD3(0, 2) i

(
uR

a
pDµDννLs

)
(uLraCγ

νDµNRt)
i (DµuLraCDννLs)

(
uR

a
pγ

νDµNRt
) (5.302)

O(1,2)
ν̄LN̄RūRuLD3(0,−2) i

(
NRpDµDνuLsa

)
(uR

a
rγ

νCDµνLt)
i (DµuR

a
rDνuLsa)

(
NRpγ

νCDµνLt
) (5.303)

O(1,2)
N̄RNRūRuLD3(0, 0) i

(
NRpDµDνuLsa

)
(uR

a
rγ

νDµNRt)
i
(
NRpγ

νDµNRt
)

(DµuR
a
rDνuLsa)

(5.304)

O(1,2)
d2

LNRuLD3(1, 1) Y [ p r ] iεabc (dLpaCDµDνuLsc) (dLrbCγ
νDµNRt)

Y
[

p
r

]
iεabc (DµdLrbCDνuLsc) (dLpaCγ

νDµNRt)
(5.305)

O(1,2)
dRdLN̄RuLD3(1,−1) iε

abc (dLpaCDµDνuLsb)
(
NRrγ

νDµdRtc
)

iεabc
(
DµNRrDνuLsb

)
(dLpaCγ

νDµdRtc)
(5.306)

O(1,2)
d̄ReLNRuLD3(0, 2) i

(
dR

a
pDµDνuLsa

)
(eLrCγ

νDµNRt)
i (DµeLrCDνuLsa)

(
dR

a
pγ

νDµNRt
) (5.307)

O(1,2)
d̄ReRN̄RuLD3(0, 0) i

(
dR

a
pDµDνuLsa

) (
NRrγ

νDµeRt
)

i
(
DµNRrDνuLsa

) (
dR

a
pγ

νDµeRt
) (5.308)

O(1,2)
d̄LeLN̄RuLD3(0, 0) i (eLpCDµDνuLsa)

(
NRrγ

νCDµdL
a
t

)
i
(
DµNRrDνuLsa

) (
DµdL

a
t γ

νeLp
) (5.309)
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O(1,2)
νLN̄RuLūLD3(0, 0) i

(
NRpDµDννLs

)
(DµuL

a
t γ

νuLra)
i (DµuLraCDννLs)

(
NRpγ

νCDµuL
a
t

) (5.310)

O(1,2)
N̄2

RuLūLD3(0,−2) Y
[

p
r

]
i
(
NRpDµDνuLsa

) (
NRrγ

νCDµuL
a
t

)
Y [ p r ] i

(
DµNRrDνuLsa

) (
NRpγ

νCDµuL
a
t

) (5.311)

O(1,2)
dLēRNRūRD3(0, 0) i (DµDνuR

a
sdLpa) (eRrγ

νDµNRt)
i (DµeRrCDνuR

a
s) (dLpaCγ

νDµNRt)
(5.312)

O(1,2)
dLēLN̄RūRD3(0,−2) i (DµDνuR

a
sdLpa)

(
NRrγ

νCDµeLt
)

i
(
DµNRrCDνuR

a
s

)
(DµeLtγ

νdLpa)
(5.313)

O(1,2)
d̄2

RNRūRD3(−1, 1) Y [ p r ] iεabc
(
dR

b
rγ
νDµNRt

) (
dR

a
pCDµDνuR

c
s

)
Y
[

p
r

]
iεabc

(
dR

a
pγ

νDµNRt
) (
DµdR

b
rCDνuR

c
s

) (5.314)

O(1,2)
d̄Rd̄LN̄RūRD3(−1,−1) iεabc

(
dR

a
pCDµDνuR

b
s

) (
NRrγ

νCDµdL
c
t

)
iεabc

(
DµNRrCDνuR

b
s

) (
dR

a
pγ

νCDµdL
c
t

) (5.315)

O(1,2)
dRēRN̄RūRD3(0,−2) i (eRpCDµDνuR

a
s)
(
NRrγ

νDµdRta
)

i
(
DµNRrCDνuR

a
s

)
(eRpγ

νDµdRta)
(5.316)

O(1,2)
νLN̄RūRuRD3(0, 0) i

(
NRpDµDννLs

)
(uR

a
rγ

νDµuRta)
i (DµuR

a
rDννLs)

(
NRpγ

νDµuRta
) (5.317)

O(1,2)
N̄2

RūRuRD3(0,−2) Y
[

p
r

]
i
(
NRpCDµDνuR

a
s

) (
NRrγ

νDµuRta
)

Y [ p r ] i
(
DµNRrCDνuR

a
s

) (
NRpγ

νDµuRta
) (5.318)

O(1,2)
d2

LN̄RuRD3(1,−1) Y [ p r ] iεabc
(
DµDνNRsdLpa

)
(dLrbCγ

νDµuRtc)
Y
[

p
r

]
iεabc

(
DνNRsDµdLrb

)
(dLpaCγ

νDµuRtc)
(5.319)

O(1,2)
d̄RdLνLNRD3(0, 2) i

(
dR

a
pDµDννLs

)
(dLraCγ

νDµNRt)
i (DµdLraCDννLs)

(
dR

a
pγ

νDµNRt
) (5.320)

O(1,2)
d̄RdLν̄LN̄RD3(0,−2) i

(
dR

a
pCDµDνNRs

)
(DµνLtγ

νdLra)
i
(
DνNRsDµdLra

) (
dR

a
pγ

νCDµνLt
) (5.321)

O(1,2)
d̄RdLN̄RNRD3(0, 0) i

(
dR

a
pCDµDνNRs

)
(dLraCγ

νDµNRt)
i
(
DνNRsDµdLra

) (
dR

a
pγ

νDµNRt
) (5.322)
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H
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P
1
1
(
2
0
2
1
)
0
0
3

O(1,2)
dLēRN̄RūLD3(0,−2) i

(
DµDνNRsdLpa

)
(eRrγ

νCDµuL
a
t )

i
(
DµeRrCDνNRs

)
(DµuL

a
t γ

νdLpa)
(5.323)

O(1,2)
dLd̄LνLN̄RD3(0, 0) i (dLpaCDµDννLs)

(
NRrγ

νCDµdL
a
t

)
i
(
DµNRrDννLs

) (
DµdL

a
t γ

νdLpa
) (5.324)

O(1,2)
dLd̄LN̄2

RD
3(0,−2) Y

[
r
s

]
i
(
DµDνNRsdLpa

) (
NRrγ

νCDµdL
a
t

)
Y [ r s ] i

(
DµDνNRsdLpa

) (
NRrγ

νCDµdL
a
t

) (5.325)

O(1,2)
d̄2

RN̄RūLD3(−1,−1) Y [ p r ] iεabc
(
dR

a
pCDµDνNRs

) (
dR

b
rγ
νCDµuL

c
t

)
Y
[

p
r

]
iεabc

(
DµdR

b
rCDνNRs

) (
dR

a
pγ

νCDµuL
c
t

) (5.326)

O(1,2)
d̄ReLN̄RuRD3(0, 0) i

(
dR

a
pCDµDνNRs

)
(eLrCγ

νDµuRta)
i
(
DνNRsDµeLr

) (
dR

a
pγ

νDµuRta
) (5.327)

O(1,2)
d̄RdRνLN̄RD3(0, 0) i

(
dR

a
pDµDννLs

) (
NRrγ

νDµdRta
)

i
(
DµNRrDννLs

) (
dR

a
pγ

νDµdRta
) (5.328)

O(1,2)
d̄RdRN̄2

RD
3(0,−2) Y

[
r
s

]
i
(
dR

a
pCDµDνNRs

) (
NRrγ

νDµdRta
)

Y [ r s ] i
(
dR

a
pCDµDνNRs

) (
NRrγ

νDµdRta
) (5.329)

O(1,2)
ēReLνLNRD3(0, 2) i (eRpDµDννLs) (eLrCγ

νDµNRt)
i (DµeLrCDννLs) (eRpγ

νDµNRt)
(5.330)

O(1,2)
ēReLν̄LN̄RD3(0,−2) i

(
eRpCDµDνNRs

)
(DµνLtγ

νeLr)
i
(
DνNRsDµeLr

)
(eRpγ

νCDµνLt)
(5.331)

O(1,2)
ēReLN̄RNRD3(0, 0) i

(
eRpCDµDνNRs

)
(eLrCγ

νDµNRt)
i
(
DνNRsDµeLr

)
(eRpγ

νDµNRt)
(5.332)

O(1,2)
eLēLνLN̄RD3(0, 0) i (eLpCDµDννLs)

(
NRrγ

νCDµeLt
)

i
(
DµNRrDννLs

)
(DµeLtγ

νeLp)
(5.333)

O(1,2)
eLēLN̄2

RD
3(0,−2) Y

[
r
s

]
i
(
DµDνNRseLp

) (
NRrγ

νCDµeLt
)

Y [ r s ] i
(
DµDνNRseLp

) (
NRrγ

νCDµeLt
) (5.334)

O(1,2)
ēReRνLN̄RD3(0, 0) i (eRpDµDννLs)

(
NRrγ

νDµeRt
)

i
(
DµNRrDννLs

)
(eRpγ

νDµeRt)
(5.335)
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1
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0
2
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)
0
0
3

O(1,2)
ēReRN̄2

RD
3(0,−2) Y

[
r
s

]
i
(
eRpCDµDνNRs

) (
NRrγ

νDµeRt
)

Y [ r s ] i
(
eRpCDµDνNRs

) (
NRrγ

νDµeRt
) (5.336)

Oν3
LNRD3(0, 4) Y

[
p r
s

]
i (νLpCDµDννLs) (νLrCγ

νDµNRt) (5.337)

O(1,2)
ν2

Lν̄LN̄RD3(0, 0) Y
[

r
s

]
i
(
NRpDµDννLs

)
(DµνLtγ

ννLr)
Y [ r s ] i

(
NRpDµDννLs

)
(DµνLtγ

ννLr)
(5.338)

O(1,2)
ν2

LN̄RNRD3(0, 2) Y
[

r
s

]
i
(
NRpDµDννLs

)
(νLrCγ

νDµNRt)
Y [ r s ] i

(
NRpDµDννLs

)
(νLrCγ

νDµNRt)
(5.339)

O(1,2)
νLν̄LN̄2

RD
3(0,−2) Y

[
p
r

]
i
(
NRpDµDννLs

) (
NRrγ

νCDµνLt
)

Y [ p r ] i
(
DµNRrDννLs

) (
NRpγ

νCDµνLt
) (5.340)

O(1,2)
νLN̄2

RNRD3(0, 0) Y
[

p
r

]
i
(
NRpDµDννLs

) (
NRrγ

νDµNRt
)

Y [ p r ] i
(
DµNRrDννLs

) (
NRpγ

νDµNRt
) (5.341)

Oν̄LN̄3
RD

3(0,−4) Y
[

p r
s

]
i
(
NRpCDµDνNRs

) (
NRrγ

νCDµνLt
)

(5.342)

ON̄3
RNRD3(0,−2) Y

[
p r
s

]
i
(
NRpCDµDνNRs

) (
NRrγ

νDµNRt
)

(5.343)

Class FLψ
3ψ†D: 70 types

O(1∼4)
GLνLNRūRuLD

(0, 2)

i
(
λA
)b
a
GAL

µ
ν (uLrbCDµνLs)

(
uR

a
pγ

νNRt
)

i
(
λA
)b
a
GAL

µ
ν (DµuLrbCνLs)

(
uR

a
pγ

νNRt
)

i
(
λA
)b
a
GAL

µ
ν

(
uR

a
pνLs

)
(DµuLrbCγ

νNRt)

i
(
λA
)b
a
GAL

µ
ν (uLrbCγ

νNRt)
(
uR

a
pDµνLs

)
(5.344)

O(1∼4)
GLν̄LN̄RūRuLD

(0,−2)

i
(
λA
)b
a
GAL

µ
ν

(
NRpγ

νCνLt
)

(uR
a
rDµuLsb)

i
(
λA
)b
a
GAL

µ
ν

(
NRpγ

νCνLt
)

(DµuR
a
ruLsb)

i
(
λA
)b
a
GAL

µ
ν

(
NRpuLsb

)
(DµuR

a
rγ

νCνLt)

i
(
λA
)b
a
GAL

µ
ν

(
NRpDµuLsb

)
(uR

a
rγ

νCνLt)

(5.345)

O(1∼4)
GLN̄RNRūRuLD

(0, 0)

i
(
λA
)b
a
GAL

µ
ν

(
NRpγ

νNRt
)

(uR
a
rDµuLsb)

i
(
λA
)b
a
GAL

µ
ν

(
NRpγ

νNRt
)

(DµuR
a
ruLsb)

i
(
λA
)b
a
GAL

µ
ν

(
NRpuLsb

)
(DµuR

a
rγ

νNRt)

i
(
λA
)b
a
GAL

µ
ν

(
NRpDµuLsb

)
(uR

a
rγ

νNRt)

(5.346)
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O(1∼8)
GLd2

LNRuLD
(1, 1)

Y
[

p
r

]
i
(
λA
)b
d
εacdGAL

µ
ν (dLpaCγ

νNRt) (dLrbCDµuLsc)
Y
[

p
r

]
i
(
λA
)a
d
εbcdGAL

µ
ν (dLpaCγ

νNRt) (dLrbCDµuLsc)

Y
[

p
r

]
i
(
λA
)b
d
εacdGAL

µ
ν (dLpaCγ

νNRt) (DµdLrbCuLsc)
Y
[

p
r

]
i
(
λA
)a
d
εbcdGAL

µ
ν (dLpaCγ

νNRt) (DµdLrbCuLsc)

Y [ p r ] i
(
λA
)b
d
εacdGAL

µ
ν (dLpaCγ

νNRt) (dLrbCDµuLsc)
Y [ p r ] i

(
λA
)a
d
εbcdGAL

µ
ν (dLpaCγ

νNRt) (dLrbCDµuLsc)

Y [ p r ] i
(
λA
)b
d
εacdGAL

µ
ν (dLpaCγ

νNRt) (DµdLrbCuLsc)
Y [ p r ] i

(
λA
)a
d
εbcdGAL

µ
ν (dLpaCγ

νNRt) (DµdLrbCuLsc)

(5.347)

O(1∼8)
GLdRdLN̄RuLD

(1,−1)

i
(
λA
)b
d
εacdGAL

µ
ν

(
NRrDµuLsb

)
(dLpaCγ

νdRtc)
i
(
λA
)a
d
εbcdGAL

µ
ν

(
NRrDµuLsb

)
(dLpaCγ

νdRtc)

i
(
λA
)b
d
εacdGAL

µ
ν

(
DµNRruLsb

)
(dLpaCγ

νdRtc)
i
(
λA
)a
d
εbcdGAL

µ
ν

(
DµNRruLsb

)
(dLpaCγ

νdRtc)

i
(
λA
)b
d
εacdGAL

µ
ν (dLpaCuLsb)

(
DµNRrγ

νdRtc
)

i
(
λA
)a
d
εbcdGAL

µ
ν (dLpaCuLsb)

(
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RNRūRD
(−1, 1)

Y
[

p
r

]
iεacd

(
λA
)d
b
GAL

µ
ν

(
dR

a
pγ

νNRt
) (
dR

b
rCDµuR

c
s

)
Y
[

p
r

]
iεabd

(
λA
)d
c
GAL

µ
ν

(
dR

a
pγ

νNRt
) (
dR

b
rCDµuR

c
s

)
Y
[

p
r

]
iεacd

(
λA
)d
b
GAL

µ
ν

(
dR

a
pγ

νNRt
) (
DµdR

b
rCuR

c
s

)
Y
[

p
r

]
iεabd

(
λA
)d
c
GAL

µ
ν

(
dR

a
pγ

νNRt
) (
DµdR

b
rCuR

c
s

)
Y [ p r ] iεacd

(
λA
)d
b
GAL

µ
ν

(
dR

a
pγ

νNRt
) (
dR

b
rCDµuR

c
s

)
Y [ p r ] iεabd

(
λA
)d
c
GAL

µ
ν

(
dR

a
pγ

νNRt
) (
dR

b
rCDµuR

c
s

)
Y [ p r ] iεacd

(
λA
)d
b
GAL

µ
ν

(
dR

a
pγ

νNRt
) (
DµdR

b
rCuR

c
s

)
Y [ p r ] iεabd

(
λA
)d
c
GAL

µ
ν

(
dR

a
pγ

νNRt
) (
DµdR

b
rCuR

c
s

)

(5.356)

– 92 –



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

O(1∼8)
GLd̄Rd̄LN̄RūRD
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νdRtc)
iεabcFL

µ
ν (dLpaCuLsb)

(
DµNRrγ

νdRtc
)

iεabcFL
µ
ν

(
NRrγ

νdRtc
)

(dLpaCDµuLsb)

(5.376)

O(1∼4)
FLd̄ReLNRuLD

(0, 2)

iFL
µ
ν (eLrCDµuLsa)

(
dR

a
pγ

νNRt
)

iFL
µ
ν (DµeLrCuLsa)

(
dR

a
pγ

νNRt
)

iFL
µ
ν

(
dR

a
puLsa

)
(DµeLrCγ

νNRt)
iFL

µ
ν (eLrCγ

νNRt)
(
dR

a
pDµuLsa

) (5.377)

O(1∼4)
FLd̄ReRN̄RuLD

(0, 0)

iFL
µ
ν

(
NRrDµuLsa

) (
dR

a
pγ

νeRt
)

iFL
µ
ν

(
DµNRruLsa

) (
dR

a
pγ

νeRt
)

iFL
µ
ν

(
dR

a
puLsa

) (
DµNRrγ

νeRt
)

iFL
µ
ν

(
NRrγ

νeRt
) (
dR

a
pDµuLsa

) (5.378)

O(1∼4)
FLd̄LeLN̄RuLD

(0, 0)

iFL
µ
ν

(
NRrDµuLsa

) (
dL

a
t γ

νeLp
)

iFL
µ
ν

(
DµNRruLsa

) (
dL

a
t γ

νeLp
)

iFL
µ
ν (eLpCuLsa)

(
DµNRrγ

νCdL
a
t

)
iFL

µ
ν (eLpCDµuLsa)

(
NRrγ

νCdL
a
t

) (5.379)

O(1∼4)
FLνLN̄RuLūLD

(0, 0)

iFL
µ
ν (uLraCDµνLs)

(
NRpγ

νCuL
a
t

)
iFL

µ
ν (DµuLraCνLs)

(
NRpγ

νCuL
a
t

)
iFL

µ
ν

(
NRpνLs

)
(uL

a
t γ

νDµuLra)
iFL

µ
ν

(
NRpDµνLs

)
(uL

a
t γ

νuLra)

(5.380)

O(1∼4)
FLN̄2

RuLūLD
(0,−2)

Y
[

p
r

]
iFL

µ
ν

(
NRrDµuLsa

) (
NRpγ

νCuL
a
t

)
Y
[

p
r

]
iFL

µ
ν

(
DµNRruLsa

) (
NRpγ

νCuL
a
t

)
Y [ p r ] iFL

µ
ν

(
NRrDµuLsa

) (
NRpγ

νCuL
a
t

)
Y [ p r ] iFL

µ
ν

(
DµNRruLsa

) (
NRpγ

νCuL
a
t

) (5.381)
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O(1∼4)
FLdLēRNRūRD

(0, 0)

iFL
µ
ν (dLpaCγ

νNRt) (eRrCDµuR
a
s)

iFL
µ
ν (dLpaCγ

νNRt) (DµeRrCuR
a
s)

iFL
µ
ν (uR

a
sdLpa) (DµeRrγ

νNRt)
iFL

µ
ν (eRrγ

νNRt) (DµuR
a
sdLpa)

(5.382)

O(1∼4)
FLdLēLN̄RūRD

(0,−2)

iFL
µ
ν (eLtγ

νdLpa)
(
NRrCDµuR

a
s

)
iFL

µ
ν (eLtγ

νdLpa)
(
DµNRrCuR

a
s

)
iFL

µ
ν (uR

a
sdLpa)

(
DµNRrγ

νCeLt
)

iFL
µ
ν

(
NRrγ

νCeLt
)

(DµuR
a
sdLpa)

(5.383)

O(1∼4)
FLd̄2

RNRūRD
(−1, 1)

Y [ p r ] iεabcFL
µ
ν

(
dR

a
pγ

νNRt
) (
dR

b
rCDµuR

c
s

)
Y [ p r ] iεabcFL

µ
ν

(
dR

a
pγ

νNRt
) (
DµdR

b
rCuR

c
s

)
Y
[

p
r

]
iεabcFL

µ
ν

(
dR

a
pγ

νNRt
) (
dR

b
rCDµuR

c
s

)
Y
[

p
r

]
iεabcFL

µ
ν

(
dR

a
pγ

νNRt
) (
DµdR

b
rCuR

c
s

) (5.384)

O(1∼4)
FLd̄Rd̄LN̄RūRD

(−1,−1)

iεabcFL
µ
ν

(
NRrCDµuR

b
s

) (
dR

a
pγ

νCdL
c
t

)
iεabcFL

µ
ν

(
DµNRrCuR

b
s

) (
dR

a
pγ

νCdL
c
t

)
iεabcFL

µ
ν

(
dR

a
pCuR

b
s

) (
DµNRrγ

νCdL
c
t

)
iεabcFL

µ
ν

(
NRrγ

νCdL
c
t

) (
dR

a
pCDµuR

b
s

) (5.385)

O(1∼4)
FLdRēRN̄RūRD

(0,−2)

iFL
µ
ν (eRpγ

νdRta)
(
NRrCDµuR

a
s

)
iFL

µ
ν (eRpγ

νdRta)
(
DµNRrCuR

a
s

)
iFL

µ
ν (eRpCuR

a
s)
(
DµNRrγ

νdRta
)

iFL
µ
ν

(
NRrγ

νdRta
)

(eRpCDµuR
a
s)

(5.386)

O(1∼4)
FLνLN̄RūRuRD

(0, 0)

iFL
µ
ν

(
NRpγ

νuRta
)

(uR
a
rDµνLs)

iFL
µ
ν

(
NRpγ

νuRta
)

(DµuR
a
rνLs)

iFL
µ
ν

(
NRpνLs

)
(DµuR

a
rγ

νuRta)
iFL

µ
ν

(
NRpDµνLs

)
(uR

a
rγ

νuRta)

(5.387)

O(1∼4)
FLN̄2

RūRuRD
(0,−2)

Y
[

p
r

]
iFL

µ
ν

(
NRpγ

νuRta
) (
NRrCDµuR

a
s

)
Y
[

p
r

]
iFL

µ
ν

(
NRpγ

νuRta
) (
DµNRrCuR

a
s

)
Y [ p r ] iFL

µ
ν

(
NRpγ

νuRta
) (
NRrCDµuR

a
s

)
Y [ p r ] iFL

µ
ν

(
NRpγ

νuRta
) (
DµNRrCuR

a
s

) (5.388)

O(1∼4)
FLd2

LN̄RuRD
(1,−1)

Y [ p r ] iεabcFL
µ
ν

(
DµNRsdLrb

)
(dLpaCγ

νuRtc)
Y [ p r ] iεabcFL

µ
ν

(
NRsDµdLrb

)
(dLpaCγ

νuRtc)
Y
[

p
r

]
iεabcFL

µ
ν

(
DµNRsdLrb

)
(dLpaCγ

νuRtc)
Y
[

p
r

]
iεabcFL

µ
ν

(
NRsDµdLrb

)
(dLpaCγ

νuRtc)

(5.389)
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O(1∼4)
FLd̄RdLνLNRD

(0, 2)

iFL
µ
ν (dLraCDµνLs)

(
dR

a
pγ

νNRt
)

iFL
µ
ν (DµdLraCνLs)

(
dR

a
pγ

νNRt
)

iFL
µ
ν

(
dR

a
pνLs

)
(DµdLraCγ

νNRt)
iFL

µ
ν (dLraCγ

νNRt)
(
dR

a
pDµνLs

) (5.390)

O(1∼4)
FLd̄RdLν̄LN̄RD

(0,−2)

iFL
µ
ν

(
DµNRsdLra

) (
dR

a
pγ

νCνLt
)

iFL
µ
ν

(
NRsDµdLra

) (
dR

a
pγ

νCνLt
)

iFL
µ
ν

(
dR

a
pCNRs

)
(νLtγ

νDµdLra)
iFL

µ
ν (νLtγ

νdLra)
(
dR

a
pCDµNRs

) (5.391)

O(1∼4)
FLd̄RdLN̄RNRD

(0, 0)

iFL
µ
ν

(
DµNRsdLra

) (
dR

a
pγ

νNRt
)

iFL
µ
ν

(
NRsDµdLra

) (
dR

a
pγ

νNRt
)

iFL
µ
ν

(
dR

a
pCNRs

)
(DµdLraCγ

νNRt)
iFL

µ
ν (dLraCγ

νNRt)
(
dR

a
pCDµNRs

) (5.392)

O(1∼4)
FLdLēRN̄RūLD

(0,−2)

iFL
µ
ν

(
eRrCDµNRs

)
(uL

a
t γ

νdLpa)
iFL

µ
ν

(
DµeRrCNRs

)
(uL

a
t γ

νdLpa)
iFL

µ
ν

(
NRsdLpa

)
(DµeRrγ

νCuL
a
t )

iFL
µ
ν

(
DµNRsdLpa

)
(eRrγ

νCuL
a
t )

(5.393)

O(1∼4)
FLdLd̄LνLN̄RD

(0, 0)

iFL
µ
ν

(
NRrDµνLs

) (
dL

a
t γ

νdLpa
)

iFL
µ
ν

(
DµNRrνLs

) (
dL

a
t γ

νdLpa
)

iFL
µ
ν (dLpaCνLs)

(
DµNRrγ

νCdL
a
t

)
iFL

µ
ν (dLpaCDµνLs)

(
NRrγ

νCdL
a
t

) (5.394)

O(1∼4)
FLdLd̄LN̄2

RD
(0,−2)

Y
[

r
s

]
iFL

µ
ν

(
NRrCDµNRs

) (
dL

a
t γ

νdLpa
)

Y
[

r
s

]
iFL

µ
ν

(
NRsdLpa

) (
DµNRrγ

νCdL
a
t

)
Y [ r s ] iFL

µ
ν

(
NRrCDµNRs

) (
dL

a
t γ

νdLpa
)

Y [ r s ] iFL
µ
ν

(
NRsdLpa

) (
DµNRrγ

νCdL
a
t

) (5.395)

O(1∼4)
FLd̄2

RN̄RūLD
(−1,−1)

Y [ p r ] iεabcFL
µ
ν

(
dR

b
rCDµNRs

) (
dR

a
pγ

νCuL
c
t

)
Y [ p r ] iεabcFL

µ
ν

(
DµdR

b
rCNRs

) (
dR

a
pγ

νCuL
c
t

)
Y
[

p
r

]
iεabcFL

µ
ν

(
dR

b
rCDµNRs

) (
dR

a
pγ

νCuL
c
t

)
Y
[

p
r

]
iεabcFL

µ
ν

(
DµdR

b
rCNRs

) (
dR

a
pγ

νCuL
c
t

) (5.396)

O(1∼4)
FLd̄ReLN̄RuRD

(0, 0)

iFL
µ
ν

(
DµNRseLr

) (
dR

a
pγ

νuRta
)

iFL
µ
ν

(
NRsDµeLr

) (
dR

a
pγ

νuRta
)

iFL
µ
ν

(
dR

a
pCNRs

)
(DµeLrCγ

νuRta)
iFL

µ
ν (eLrCγ

νuRta)
(
dR

a
pCDµNRs

) (5.397)
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O(1∼4)
FLd̄RdRνLN̄RD

(0, 0)

iFL
µ
ν

(
NRrDµνLs

) (
dR

a
pγ

νdRta
)

iFL
µ
ν

(
DµNRrνLs

) (
dR

a
pγ

νdRta
)

iFL
µ
ν

(
dR

a
pνLs

) (
DµNRrγ

νdRta
)

iFL
µ
ν

(
NRrγ

νdRta
) (
dR

a
pDµνLs

) (5.398)

O(1∼4)
FLd̄RdRN̄2

RD
(0,−2)

Y
[

r
s

]
iFL

µ
ν

(
NRrCDµNRs

) (
dR

a
pγ

νdRta
)

Y
[

r
s

]
iFL

µ
ν

(
dR

a
pCNRs

) (
DµNRrγ

νdRta
)

Y [ r s ] iFL
µ
ν

(
NRrCDµNRs

) (
dR

a
pγ

νdRta
)

Y [ r s ] iFL
µ
ν

(
dR

a
pCNRs

) (
DµNRrγ

νdRta
) (5.399)

O(1∼4)
FLēReLνLNRD

(0, 2)

iFL
µ
ν (eRpγ

νNRt) (eLrCDµνLs)
iFL

µ
ν (eRpγ

νNRt) (DµeLrCνLs)
iFL

µ
ν (eRpνLs) (DµeLrCγ

νNRt)
iFL

µ
ν (eRpDµνLs) (eLrCγ

νNRt)

(5.400)

O(1∼4)
FLēReLν̄LN̄RD

(0,−2)

iFL
µ
ν

(
DµNRseLr

)
(eRpγ

νCνLt)
iFL

µ
ν

(
NRsDµeLr

)
(eRpγ

νCνLt)
iFL

µ
ν

(
eRpCNRs

)
(νLtγ

νDµeLr)
iFL

µ
ν (νLtγ

νeLr)
(
eRpCDµNRs

) (5.401)

O(1∼4)
FLēReLN̄RNRD

(0, 0)

iFL
µ
ν

(
DµNRseLr

)
(eRpγ

νNRt)
iFL

µ
ν

(
NRsDµeLr

)
(eRpγ

νNRt)
iFL

µ
ν

(
eRpCNRs

)
(DµeLrCγ

νNRt)
iFL

µ
ν (eLrCγ

νNRt)
(
eRpCDµNRs

) (5.402)

O(1∼4)
FLeLēLνLN̄RD

(0, 0)

iFL
µ
ν (eLtγ

νeLp)
(
NRrDµνLs

)
iFL

µ
ν (eLtγ

νeLp)
(
DµNRrνLs

)
iFL

µ
ν (eLpCνLs)

(
DµNRrγ

νCeLt
)

iFL
µ
ν (eLpCDµνLs)

(
NRrγ

νCeLt
) (5.403)

O(1∼4)
FLeLēLN̄2

RD
(0,−2)

Y
[

r
s

]
iFL

µ
ν (eLtγ

νeLp)
(
NRrCDµNRs

)
Y
[

r
s

]
iFL

µ
ν

(
NRseLp

) (
DµNRrγ

νCeLt
)

Y [ r s ] iFL
µ
ν (eLtγ

νeLp)
(
NRrCDµNRs

)
Y [ r s ] iFL

µ
ν

(
NRseLp

) (
DµNRrγ

νCeLt
) (5.404)

O(1∼4)
FLēReRνLN̄RD

(0, 0)

iFL
µ
ν (eRpγ

νeRt)
(
NRrDµνLs

)
iFL

µ
ν (eRpγ

νeRt)
(
DµNRrνLs

)
iFL

µ
ν (eRpνLs)

(
DµNRrγ

νeRt
)

iFL
µ
ν (eRpDµνLs)

(
NRrγ

νeRt
) (5.405)
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O(1∼4)
FLēReRN̄2

RD
(0,−2)

Y
[

r
s

]
iFL

µ
ν (eRpγ

νeRt)
(
NRrCDµNRs

)
Y
[

r
s

]
iFL

µ
ν

(
eRpCNRs

) (
DµNRrγ

νeRt
)

Y [ r s ] iFL
µ
ν (eRpγ

νeRt)
(
NRrCDµNRs

)
Y [ r s ] iFL

µ
ν

(
eRpCNRs

) (
DµNRrγ

νeRt
) (5.406)

O(1∼3)
FLν3

LNRD
(0, 4)

Y
[

p
r
s

]
iFL

µ
ν (νLrCDµνLs) (νLpCγ

νNRt)

Y
[

p r
s

]
iFL

µ
ν (DµνLrCνLs) (νLpCγ

νNRt)
Y [ p r s ] iFL

µ
ν (νLrCDµνLs) (νLpCγ

νNRt)

(5.407)

O(1∼4)
FLν2

Lν̄LN̄RD
(0, 0)

Y
[

r
s

]
iFL

µ
ν (νLrCDµνLs)

(
NRpγ

νCνLt
)

Y
[

r
s

]
iFL

µ
ν

(
NRpνLs

)
(νLtγ

νDµνLr)
Y [ r s ] iFL

µ
ν (νLrCDµνLs)

(
NRpγ

νCνLt
)

Y [ r s ] iFL
µ
ν

(
NRpνLs

)
(νLtγ

νDµνLr)

(5.408)

O(1∼4)
FLν2

LN̄RNRD
(0, 2)

Y
[

r
s

]
iFL

µ
ν

(
NRpγ

νNRt
)

(νLrCDµνLs)
Y
[

r
s

]
iFL

µ
ν

(
NRpνLs

)
(DµνLrCγ

νNRt)
Y [ r s ] iFL

µ
ν

(
NRpγ

νNRt
)

(νLrCDµνLs)
Y [ r s ] iFL

µ
ν

(
NRpνLs

)
(DµνLrCγ

νNRt)

(5.409)

O(1∼4)
FLνLν̄LN̄2

RD
(0,−2)

Y
[

p
r

]
iFL

µ
ν

(
NRrDµνLs

) (
NRpγ

νCνLt
)

Y
[

p
r

]
iFL

µ
ν

(
DµNRrνLs

) (
NRpγ

νCνLt
)

Y [ p r ] iFL
µ
ν

(
NRrDµνLs

) (
NRpγ

νCνLt
)

Y [ p r ] iFL
µ
ν

(
DµNRrνLs

) (
NRpγ

νCνLt
) (5.410)

O(1∼4)
FLνLN̄2

RNRD
(0, 0)

Y
[

p
r

]
iFL

µ
ν

(
NRpγ

νNRt
) (
NRrDµνLs

)
Y
[

p
r

]
iFL

µ
ν

(
NRpγ

νNRt
) (
DµNRrνLs

)
Y [ p r ] iFL

µ
ν

(
NRpγ

νNRt
) (
NRrDµνLs

)
Y [ p r ] iFL

µ
ν

(
NRpγ

νNRt
) (
DµNRrνLs

) (5.411)

O(1∼3)
FLν̄LN̄3

RD
(0,−4)

Y
[

p
r
s

]
iFL

µ
ν

(
NRrCDµNRs

) (
NRpγ

νCνLt
)

Y
[

p r
s

]
iFL

µ
ν

(
DµNRrCNRs

) (
NRpγ

νCνLt
)

Y [ p r s ] iFL
µ
ν

(
NRrCDµNRs

) (
NRpγ

νCνLt
) (5.412)

O(1∼3)
FLN̄3

RNRD
(0,−2)

Y
[

p
r
s

]
iFL

µ
ν

(
NRpγ

νNRt
) (
NRrCDµNRs

)
Y
[

p r
s

]
iFL

µ
ν

(
NRpγ

νNRt
) (
DµNRrCNRs

)
Y [ p r s ] iFL

µ
ν

(
NRpγ

νNRt
) (
NRrCDµNRs

) (5.413)
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O(1∼3)
GRνLNRūRuLD

(0, 2)
i
(
λA
)b
a
GAR

µ
ν

(
uR

a
puLrb

)
(νLsCγ

νDµNRt)

i
(
λA
)b
a
GAR

µ
ν

(
uR

a
pνLs

)
(uLrbCγ

νDµNRt)

i
(
λA
)b
a
GAR

µ
ν (uLrbCDµνLs)

(
uR

a
pγ

νNRt
) (5.414)

O(1∼3)
FRνLNRūRuLD

(0, 2)
iFR

µ
ν

(
uR

a
puLra

)
(νLsCγ

νDµNRt)
iFR

µ
ν

(
uR

a
pνLs

)
(uLraCγ

νDµNRt)
iFR

µ
ν (uLraCDµνLs)

(
uR

a
pγ

νNRt
) (5.415)

O(1∼3)
GRν̄LN̄RūRuLD

(0,−2)
i
(
λA
)b
a
GAR

µ
ν

(
NRpCuR

a
r

)
(DµνLtγ

νuLsb)

i
(
λA
)b
a
GAR

µ
ν

(
NRpuLsb

)
(uR

a
rγ

νCDµνLt)

i
(
λA
)b
a
GAR

µ
ν

(
NRpγ

νCνLt
)

(uR
a
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(0,−2)
i
(
λA
)a
b
GAR

µ
ν

(
NRrdLpa

) (
uR

b
sγ
νCDµeLt

)
i
(
λA
)a
b
GAR

µ
ν

(
uR

b
sdLpa

) (
NRrγ

νCDµeLt
)

i
(
λA
)a
b
GAR

µ
ν (eLtγ

νdLpa)
(
NRrCDµuR

b
s

) (5.436)

O(1∼3)
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νCDµuL
b
t

)
i
(
λA
)a
b
GAR

µ
ν

(
eRrCDµNRs

) (
uL

b
tγ
νdLpa

) (5.456)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼3)
FRdLēRN̄RūLD

(0,−2)
iFR

µ
ν (eRrdLpa)

(
NRsγ

νCDµuL
a
t

)
iFR

µ
ν

(
NRsdLpa

)
(eRrγ

νCDµuL
a
t )

iFR
µ
ν

(
eRrCDµNRs

)
(uL

a
t γ

νdLpa)
(5.457)

O(1∼3)
GRdLd̄LνLN̄RD

(0, 0)
i
(
λA
)a
b
GAR

µ
ν

(
NRrdLpa

) (
DµdL

b
tγ
ννLs

)
i
(
λA
)a
b
GAR

µ
ν (dLpaCνLs)

(
NRrγ

νCDµdL
b
t

)
i
(
λA
)a
b
GAR

µ
ν

(
NRrDµνLs

) (
dL

b
tγ
νdLpa

) (5.458)

O(1∼3)
FRdLd̄LνLN̄RD

(0, 0)
iFR

µ
ν

(
NRrdLpa

) (
DµdL

a
t γ

ννLs
)

iFR
µ
ν (dLpaCνLs)

(
NRrγ

νCDµdL
a
t

)
iFR

µ
ν

(
NRrDµνLs

) (
dL

a
t γ

νdLpa
) (5.459)

O(1∼3)
GRdLd̄LN̄2

RD
(0,−2)

Y
[

r
s

]
i
(
λA
)a
b
GAR

µ
ν

(
NRrdLpa

) (
NRsγ

νCDµdL
b
t

)
Y
[

r
s

]
i
(
λA
)a
b
GAR

µ
ν

(
NRrCDµNRs

) (
dL

b
tγ
νdLpa

)
Y [ r s ] i

(
λA
)a
b
GAR

µ
ν

(
NRrdLpa

) (
NRsγ

νCDµdL
b
t

) (5.460)

O(1∼3)
FRdLd̄LN̄2

RD
(0,−2)

Y
[

r
s

]
iFR

µ
ν

(
NRrdLpa

) (
NRsγ

νCDµdL
a
t

)
Y
[

r
s

]
iFR

µ
ν

(
NRrCDµNRs

) (
dL

a
t γ

νdLpa
)

Y [ r s ] iFR
µ
ν

(
NRrdLpa

) (
NRsγ

νCDµdL
a
t

) (5.461)

O(1∼6)
GRd̄2

RN̄RūLD
(−1,−1)

Y
[

p
r

]
iεacd

(
λA
)d
b
GAR

µ
ν

(
dR

a
pCdR

b
r

) (
NRsγ

νCDµuL
c
t

)
Y
[

p
r

]
iεacd

(
λA
)d
b
GAR

µ
ν

(
dR

a
pCNRs

) (
dR

b
rγ
νCDµuL

c
t

)
Y
[

p
r

]
iεacd

(
λA
)d
b
GAR

µ
ν

(
dR

b
rCDµNRs

) (
dR

a
pγ

νCuL
c
t

)
Y [ p r ] iεacd

(
λA
)d
b
GAR

µ
ν

(
dR

a
pCdR

b
r

) (
NRsγ

νCDµuL
c
t

)
Y [ p r ] iεacd

(
λA
)d
b
GAR

µ
ν

(
dR

a
pCNRs

) (
dR

b
rγ
νCDµuL

c
t

)
Y [ p r ] iεacd

(
λA
)d
b
GAR

µ
ν

(
dR

b
rCDµNRs

) (
dR

a
pγ

νCuL
c
t

)
(5.462)

O(1∼3)
FRd̄2

RN̄RūLD
(−1,−1)

Y [ p r ] iεabcFR
µ
ν

(
dR

a
pCNRs

) (
dR

b
rγ
νCDµuL

c
t

)
Y [ p r ] iεabcFR

µ
ν

(
dR

b
rCDµNRs

) (
dR

a
pγ

νCuL
c
t

)
Y
[

p
r

]
iεabcFR

µ
ν

(
dR

a
pCdR

b
r

) (
NRsγ

νCDµuL
c
t

) (5.463)

O(1∼3)
GRd̄ReLN̄RuRD

(0, 0)
i
(
λA
)b
a
GAR

µ
ν

(
dR

a
peLr

) (
NRsγ

νDµuRtb
)

i
(
λA
)b
a
GAR

µ
ν

(
dR

a
pCNRs

)
(eLrCγ

νDµuRtb)

i
(
λA
)b
a
GAR

µ
ν

(
DµNRseLr

) (
dR

a
pγ

νuRtb
) (5.464)

O(1∼3)
FRd̄ReLN̄RuRD

(0, 0)
iFR

µ
ν

(
dR

a
peLr

) (
NRsγ

νDµuRta
)

iFR
µ
ν

(
dR

a
pCNRs

)
(eLrCγ

νDµuRta)
iFR

µ
ν

(
DµNRseLr

) (
dR

a
pγ

νuRta
) (5.465)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼3)
GRd̄RdRνLN̄RD

(0, 0)
i
(
λA
)b
a
GAR

µ
ν

(
dR

a
pCNRr

)
(νLsCγ

νDµdRtb)

i
(
λA
)b
a
GAR

µ
ν

(
dR

a
pνLs

) (
NRrγ

νDµdRtb
)

i
(
λA
)b
a
GAR

µ
ν

(
NRrDµνLs

) (
dR

a
pγ

νdRtb
) (5.466)

O(1∼3)
FRd̄RdRνLN̄RD

(0, 0)
iFR

µ
ν

(
dR

a
pCNRr

)
(νLsCγ

νDµdRta)
iFR

µ
ν

(
dR

a
pνLs

) (
NRrγ

νDµdRta
)

iFR
µ
ν

(
NRrDµνLs

) (
dR

a
pγ

νdRta
) (5.467)

O(1∼3)
GRd̄RdRN̄2

RD
(0,−2)

Y
[

r
s

]
i
(
λA
)b
a
GAR

µ
ν

(
dR

a
pCNRr

) (
NRsγ

νDµdRtb
)

Y
[

r
s

]
i
(
λA
)b
a
GAR

µ
ν

(
NRrCDµNRs

) (
dR

a
pγ

νdRtb
)

Y [ r s ] i
(
λA
)b
a
GAR

µ
ν

(
dR

a
pCNRr

) (
NRsγ

νDµdRtb
) (5.468)

O(1∼3)
FRd̄RdRN̄2

RD
(0,−2)

Y
[

r
s

]
iFR

µ
ν

(
dR

a
pCNRr

) (
NRsγ

νDµdRta
)

Y
[

r
s

]
iFR

µ
ν

(
NRrCDµNRs

) (
dR

a
pγ

νdRta
)

Y [ r s ] iFR
µ
ν

(
dR

a
pCNRr

) (
NRsγ

νDµdRta
) (5.469)

O(1∼3)
FRēReLνLNRD

(0, 2)
iFR

µ
ν (eRpeLr) (νLsCγ

νDµNRt)
iFR

µ
ν (eRpνLs) (eLrCγ

νDµNRt)
iFR

µ
ν (eRpγ

νNRt) (eLrCDµνLs)
(5.470)

O(1∼3)
FRēReLν̄LN̄RD

(0,−2)
iFR

µ
ν (eRpeLr)

(
NRsγ

νCDµνLt
)

iFR
µ
ν

(
eRpCNRs

)
(DµνLtγ

νeLr)
iFR

µ
ν

(
DµNRseLr

)
(eRpγ

νCνLt)
(5.471)

O(1∼3)
FRēReLN̄RNRD

(0, 0)
iFR

µ
ν (eRpeLr)

(
NRsγ

νDµNRt
)

iFR
µ
ν

(
eRpCNRs

)
(eLrCγ

νDµNRt)
iFR

µ
ν

(
DµNRseLr

)
(eRpγ

νNRt)
(5.472)

O(1∼3)
FReLēLνLN̄RD

(0, 0)
iFR

µ
ν

(
NRreLp

)
(DµeLtγ

ννLs)
iFR

µ
ν (eLpCνLs)

(
NRrγ

νCDµeLt
)

iFR
µ
ν (eLtγ

νeLp)
(
NRrDµνLs

) (5.473)

O(1∼3)
FReLēLN̄2

RD
(0,−2)

Y
[

r
s

]
iFR

µ
ν

(
NRreLp

) (
NRsγ

νCDµeLt
)

Y
[

r
s

]
iFR

µ
ν (eLtγ

νeLp)
(
NRrCDµNRs

)
Y [ r s ] iFR

µ
ν

(
NRreLp

) (
NRsγ

νCDµeLt
) (5.474)

O(1∼3)
FRēReRνLN̄RD

(0, 0)
iFR

µ
ν

(
eRpCNRr

)
(νLsCγ

νDµeRt)
iFR

µ
ν (eRpνLs)

(
NRrγ

νDµeRt
)

iFR
µ
ν (eRpγ

νeRt)
(
NRrDµνLs

) (5.475)

O(1∼3)
FRēReRN̄2

RD
(0,−2)

Y
[

r
s

]
iFR

µ
ν

(
eRpCNRr

) (
NRsγ

νDµeRt
)

Y
[

r
s

]
iFR

µ
ν (eRpγ

νeRt)
(
NRrCDµNRs

)
Y [ r s ] iFR

µ
ν

(
eRpCNRr

) (
NRsγ

νDµeRt
) (5.476)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1,2)
FRν3

LNRD
(0, 4) Y

[
p
r
s

]
iFR

µ
ν (νLrCDµνLs) (νLpCγ

νNRt)

Y
[

p r
s

]
i (νLpCνLr)FR

µ
ν (νLsCγ

νDµNRt)
(5.477)

O(1∼3)
FRν2

Lν̄LN̄RD
(0, 0)

Y
[

r
s

]
iFR

µ
ν

(
NRpνLr

)
(DµνLtγ

ννLs)
Y
[

r
s

]
iFR

µ
ν (νLrCDµνLs)

(
NRpγ

νCνLt
)

Y [ r s ] iFR
µ
ν

(
NRpνLr

)
(DµνLtγ

ννLs)
(5.478)

O(1∼3)
FRν2

LN̄RNRD
(0, 2)

Y
[

r
s

]
iFR

µ
ν

(
NRpνLr

)
(νLsCγ

νDµNRt)
Y
[

r
s

]
iFR

µ
ν

(
NRpγ

νNRt
)

(νLrCDµνLs)
Y [ r s ] iFR

µ
ν

(
NRpνLr

)
(νLsCγ

νDµNRt)
(5.479)

O(1∼3)
FRνLν̄LN̄2

RD
(0,−2)

Y
[

p
r

]
iFR

µ
ν

(
NRpνLs

) (
NRrγ

νCDµνLt
)

Y
[

p
r

]
iFR

µ
ν

(
NRrDµνLs

) (
NRpγ

νCνLt
)

Y [ p r ] iFR
µ
ν

(
NRpCNRr

)
(DµνLtγ

ννLs)
(5.480)

O(1∼3)
FRνLN̄2

RNRD
(0, 0)

Y
[

p
r

]
iFR

µ
ν

(
NRpνLs

) (
NRrγ

νDµNRt
)

Y
[

p
r

]
iFR

µ
ν

(
NRpγ

νNRt
) (
NRrDµνLs

)
Y [ p r ] iFR

µ
ν

(
NRpCNRr

)
(νLsCγ

νDµNRt)
(5.481)

O(1,2)
FRν̄LN̄3

RD
(0,−4) Y

[
p
r
s

]
iFR

µ
ν

(
NRrCDµNRs

) (
NRpγ

νCνLt
)

Y
[

p r
s

]
iFR

µ
ν

(
NRpCNRr

) (
NRsγ

νCDµνLt
) (5.482)

O(1,2)
FRN̄3

RNRD
(0,−2) Y

[
p
r
s

]
iFR

µ
ν

(
NRpγ

νNRt
) (
NRrCDµNRs

)
Y
[

p r
s

]
iFR

µ
ν

(
NRpCNRr

) (
NRsγ

νDµNRt
) (5.483)

5.5.3 Classes involving six-fermions: ψ6

Class ψ6: 64 types

O(1∼3)
e2

LN̄Ru3
L
(1, 1)

Y
[

p
r
, t u v

]
εabc

(
NRsuLvc

)
(eLpCuLta) (eLrCuLub)

Y
[

p
r
, t u

v

]
εabc

(
NRseLp

)
(eLrCuLta) (uLubCuLvc)

Y
[

p r , t u
v

]
εabc (eLpCeLr)

(
NRsuLta

)
(uLubCuLvc)

(5.484)

O(1∼10)
νLN̄Rū2

Ru
2
L
(0, 0)

Y
[

r
s
, t

u

]
(uLubCνLv)

(
uR

b
suLta

) (
NRpCuR

a
r

)
Y
[

r
s
, t

u

]
(uLuaCνLv)

(
uR

b
suLtb

) (
NRpCuR

a
r

)
Y
[

r
s
, t

u

] (
NRpuLta

) (
uR

b
sνLv

)
(uR

a
ruLub)

Y [ r s , t u ] (uLubCνLv)
(
uR

b
suLta

) (
NRpCuR

a
r

)
Y [ r s , t u ] (uLuaCνLv)

(
uR

b
suLtb

) (
NRpCuR

a
r

)
Y [ r s , t u ]

(
NRpuLta

) (
uR

b
sνLv

)
(uR

a
ruLub)

Y
[

r
s
, t u

]
(uLubCνLv)

(
uR

b
suLta

) (
NRpCuR

a
r

)
Y
[

r
s
, t u

]
(uLuaCνLv)

(
uR

b
suLtb

) (
NRpCuR

a
r

)
Y
[

r s , t
u

]
(uLubCνLv)

(
uR

b
suLta

) (
NRpCuR

a
r

)
Y
[

r s , t
u

]
(uLuaCνLv)

(
uR

b
suLtb

) (
NRpCuR

a
r

)

(5.485)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼10)
N̄2

Rū
2
Ru

2
L
(0,−2)

Y
[

p
r
, s

t
, u

v

] (
NRruLua

) (
uR

b
tuLvb

) (
NRpCuR

a
s

)
Y
[

p
r
, s t , u v

] (
NRruLua

) (
uR

b
tuLvb

) (
NRpCuR

a
s

)
Y
[

p
r
, s

t
, u v

]
(uLuaCuLvb)

(
NRpCuR

a
s

) (
NRrCuR

b
t

)
Y
[

p
r
, s

t
, u v

] (
NRruLua

) (
uR

b
tuLvb

) (
NRpCuR

a
s

)
Y
[

p
r
, s t , u

v

]
(uLuaCuLvb)

(
NRpCuR

a
s

) (
NRrCuR

b
t

)
Y
[

p
r
, s t , u

v

] (
NRruLua

) (
uR

b
tuLvb

) (
NRpCuR

a
s

)
Y
[

p r , s
t
, u

v

] (
NRpCNRr

)
(uLuaCuLvb)

(
uR

a
sCuR

b
t

)
Y
[

p r , s
t
, u

v

] (
NRpCNRr

)
(uR

a
suLua)

(
uR

b
tuLvb

)
Y [ p r , s t , u v ]

(
NRpCNRr

)
(uLuaCuLvb)

(
uR

a
sCuR

b
t

)
Y [ p r , s t , u v ]

(
NRpCNRr

)
(uR

a
suLua)

(
uR

b
tuLvb

)

(5.486)

O(1∼15)
d2

LN̄RūRu2
L
(1,−1)

Y
[

p
r
, u v

]
εabe (dLpaCdLrb) (uLucCuLve)

(
NRsCuR

c
t

)
Y
[

p
r
, u v

]
εbde

(
NRsuLud

)
(dLpaCdLrb) (uR

a
t uLve)

Y
[

p
r
, u v

]
εbde

(
NRsdLpa

)
(dLrbCuLud) (uR

a
t uLve)

Y
[

p
r
, u v

]
εbde

(
NRsuLve

)
(uR

a
t dLpa) (dLrbCuLud)

Y
[

p r , u
v

]
εbde (dLpaCdLrb) (uLudCuLve)

(
NRsCuR

a
t

)
Y
[

p r , u
v

]
εbde

(
NRsdLpa

)
(uLudCuLve) (uR

a
t dLrb)

Y
[

p r , u
v

]
εabe

(
NRsdLpa

)
(dLrbCuLuc) (uR

c
tuLve)

Y
[

p r , u
v

]
εabe

(
NRsuLve

)
(dLrbCuLuc) (uR

c
tdLpa)

Y [ p r , u v ] εbde
(
NRsuLud

)
(dLpaCdLrb) (uR

a
t uLve)

Y [ p r , u v ] εabe
(
NRsdLpa

)
(uLucCuLve) (uR

c
tdLrb)

Y [ p r , u v ] εbde
(
NRsdLpa

)
(dLrbCuLud) (uR

a
t uLve)

Y [ p r , u v ] εbde
(
NRsuLve

)
(uR

a
t dLpa) (dLrbCuLud)

Y
[

p
r
, u

v

]
εbde (dLpaCdLrb) (uLudCuLve)

(
NRsCuR

a
t

)
Y
[

p
r
, u

v

]
εabe

(
NRsuLuc

)
(dLpaCdLrb) (uR

c
tuLve)

Y
[

p
r
, u

v

]
εbde

(
NRsdLpa

)
(uLudCuLve) (uR

a
t dLrb)

(5.487)

O(1∼10)
d̄ReLN̄RūRu2

L
(0, 0)

Y
[

u
v

]
(uLuaCuLvb)

(
dR

a
peLr

) (
NRsCuR

b
t

)
Y
[

u
v

] (
NRsuLua

) (
dR

a
peLr

) (
uR

b
tuLvb

)
Y
[

u
v

]
(uLuaCuLvb)

(
uR

b
teLr

) (
dR

a
pCNRs

)
Y
[

u
v

]
(eLrCuLua)

(
uR

b
tuLvb

) (
dR

a
pCNRs

)
Y
[

u
v

] (
NRsuLvb

)
(eLrCuLua)

(
dR

a
pCuR

b
t

)
Y [ u v ] (uLuaCuLvb)

(
dR

a
peLr

) (
NRsCuR

b
t

)
Y [ u v ]

(
NRsuLua

) (
dR

a
peLr

) (
uR

b
tuLvb

)
Y [ u v ] (uLuaCuLvb)

(
uR

b
teLr

) (
dR

a
pCNRs

)
Y [ u v ] (eLrCuLua)

(
uR

b
tuLvb

) (
dR

a
pCNRs

)
Y [ u v ]

(
NRsuLvb

)
(eLrCuLua)

(
dR

a
pCuR

b
t

)

(5.488)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼5)
dLeLνLN̄Ru2

L
(1, 1)

Y [ t u ] εabc
(
NRsuLtb

)
(dLpaCeLr) (uLucCνLv)

Y [ t u ] εabc
(
NRsdLpa

)
(eLrCuLtb) (uLucCνLv)

Y [ t u ] εabc
(
NRsνLv

)
(eLrCuLuc) (dLpaCuLtb)

Y
[

t
u

]
εabc

(
NRsuLtb

)
(dLpaCeLr) (uLucCνLv)

Y
[

t
u

]
εabc

(
NRsdLpa

)
(eLrCuLtb) (uLucCνLv)

(5.489)

O(1∼5)
dLeLN̄2

Ru
2
L
(1,−1)

Y
[

s
t
, u v

]
εabc

(
NRsuLub

) (
NRtuLvc

)
(dLpaCeLr)

Y
[

s
t
, u v

]
εabc

(
NRsdLpa

) (
NRtuLvc

)
(eLrCuLub)

Y
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ēReLνLN̄RūRuL
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RūRuL

(0, 0)

Y
[

p
r
, u

v

] (
NRrνLu

)
(uLtaCνLv)

(
NRpCuR

a
s

)
Y
[

p
r
, u

v

] (
NRrνLu

) (
NRpuLta

)
(uR

a
sνLv)

Y
[

p
r
, u v

]
(νLuCνLv)

(
NRruLta

) (
NRpCuR

a
s

)
Y
[

p r , u
v

] (
NRpCNRr

)
(uLtaCνLv) (uR

a
sνLu)

Y [ p r , u v ] (νLuCνLv)
(
NRpCNRr

)
(uR

a
suLta)

(5.498)

O(1∼3)
νLN̄3
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dLēRν2

LN̄RūR
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d̄RdLēReLνLN̄R

(0, 0)

(eRseLt)
(
NRuνLv

) (
dR

a
pdLra

)
(eLtCνLv)

(
eRsCNRu

) (
dR

a
pdLra

)(
NRuνLv

)
(dLraCeLt)

(
dR

a
pCeRs

)
(eLtCνLv)

(
NRudLra

) (
dR

a
pCeRs

)
(eRsνLv)

(
NRudLra

) (
dR

a
peLt

)
(5.528)

O(1∼5)
d̄RdLēReLN̄2
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,

s t
u
v

]
(νLtCνLv)

(
NRpνLs

) (
NRrνLu

)
Y
[

p r , s t
u v

]
(νLsCνLt) (νLuCνLv)

(
NRpCNRr

) (5.543)

– 118 –



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

O(1,2)
ν3

LN̄
3
R

(0, 0) Y
[

p
r
s
,

t
u
v

] (
NRpνLt

) (
NRrνLu

) (
NRsνLv

)
Y
[

p r
s
, t u

v

]
(νLuCνLv)

(
NRpCNRr

) (
NRsνLt

) (5.544)

O(1,2)
ν2

LN̄
4
R

(0,−2) Y
[

p r
s
t
, u

v

] (
NRpCNRr

) (
NRsνLu

) (
NRtνLv

)
Y
[

p r
s t
, u v

]
(νLuCνLv)

(
NRpCNRr

) (
NRsCNRt

) (5.545)

OνLN̄5
R

(0,−4) Y
[

p r
s t
u

] (
NRpCNRr

) (
NRsCNRt

) (
NRuνLv

)
(5.546)

ON̄6
R

(0,−6) Y
[

p r
s t
u v

] (
NRpCNRr

) (
NRsCNRt

) (
NRuCNRv

)
(5.547)

5.5.4 Classes involving six-fermions: ψ4ψ†2

(∆B,∆L) = (0, 0).

O(1∼4)
ν̄LNRū2

Ru
2
L
(0, 0)

Y
[

p
r
, s

t

]
(νLvNRu) (uLsaCuLtb)

(
uR

a
pCuR

b
r

)
Y
[

p
r
, s

t

]
(νLvNRu)

(
uR

a
puLsa

) (
uR

b
ruLtb

)
Y [ p r , s t ] (νLvNRu) (uLsaCuLtb)

(
uR

a
pCuR

b
r

)
Y [ p r , s t ] (νLvNRu)

(
uR

a
puLsa

) (
uR

b
ruLtb

) (5.548)

O(1∼4)
N̄RNRūRu2

LūL
(0, 0)

Y
[

s
t

]
(uLsbCuLta)

(
uL

b
vNRu

) (
NRpCuR

a
r

)
Y
[

s
t

] (
NRpuLsb

)
(uR

a
ruLta)

(
uL

b
vNRu

)
Y [ s t ] (uLsbCuLta)

(
uL

b
vNRu

) (
NRpCuR

a
r

)
Y [ s t ]

(
NRpuLsb

)
(uR

a
ruLta)

(
uL

b
vNRu

) (5.549)

O(1∼4)
d̄LeRN̄RūRu2

L
(0, 0)

Y
[

s
t

]
(uLsbCuLta)

(
dL

b
ueRv

) (
NRpCuR

a
r

)
Y
[

s
t

] (
NRpuLsb

)
(uR

a
ruLta)

(
dL

b
ueRv

)
Y [ s t ] (uLsbCuLta)

(
dL

b
ueRv

) (
NRpCuR

a
r

)
Y [ s t ]

(
NRpuLsb

)
(uR

a
ruLta)

(
dL

b
ueRv

) (5.550)

O(1∼4)
d̄ReRN̄Ru2

LūL
(0, 0)

Y
[

s
t

]
(uLsbCuLta)

(
uL

b
veRu

) (
dR

a
pCNRr

)
Y
[

s
t

] (
NRruLta

) (
uL

b
veRu

) (
dR

a
puLsb

)
Y [ s t ] (uLsbCuLta)

(
uL

b
veRu

) (
dR

a
pCNRr

)
Y [ s t ]

(
NRruLta

) (
uL

b
veRu

) (
dR

a
puLsb

) (5.551)

O(1∼4)
d̄LeLN̄Ru2

LūL
(0, 0)

Y
[

s
t

] (
NRreLp

)
(uLsaCuLtb)

(
dL

a
uCuL

b
v

)
Y
[

s
t

] (
NRruLtb

)
(eLpCuLsa)

(
dL

a
uCuL

b
v

)
Y [ s t ]

(
NRreLp

)
(uLsaCuLtb)

(
dL

a
uCuL

b
v

)
Y [ s t ]

(
NRruLtb

)
(eLpCuLsa)

(
dL

a
uCuL

b
v

) (5.552)

O(1∼4)
νLN̄Ru2

Lū
2
L
(0, 0)

Y
[

r
s
, u v

] (
NRpuLra

)
(uLsbCνLt)

(
uL

a
uCuL

b
v

)
Y
[

r s , u
v

] (
NRpuLra

)
(uLsbCνLt)

(
uL

a
uCuL

b
v

)
Y [ r s , u v ]

(
NRpuLra

)
(uLsbCνLt)

(
uL

a
uCuL

b
v

)
Y
[

r
s
, u

v

] (
NRpuLra

)
(uLsbCνLt)

(
uL

a
uCuL

b
v

) (5.553)

– 119 –



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

O(1∼4)
dLēLNRū2

RuL
(0, 0)

Y
[

r
s

]
(eLuNRv)

(
uR

b
rdLpa

)
(uR

a
suLtb)

Y
[

r
s

]
(eLuNRv) (uR

a
rdLpa) (uR

c
suLtc)

Y [ r s ] (eLuNRv)
(
uR

b
rdLpa

)
(uR

a
suLtb)

Y [ r s ] (eLuNRv) (uR
a
rdLpa) (uR

c
suLtc)

(5.554)

O(1∼4)
dRēRNRū2

RuL
(0, 0)

Y
[

r
s

]
(dRubCNRv)

(
uR

b
suLta

)
(eRpCuR

a
r)

Y
[

r
s

]
(dRuaCNRv)

(
uR

b
suLtb

)
(eRpCuR

a
r)

Y [ r s ] (dRubCNRv)
(
uR

b
suLta

)
(eRpCuR

a
r)

Y [ r s ] (dRuaCNRv)
(
uR

b
suLtb

)
(eRpCuR

a
r)

(5.555)

O(1∼4)
N̄RNRū2

RuRuL
(0, 0)

Y
[

r
s

]
(NRuCuRvb)

(
uR

b
suLta

) (
NRpCuR

a
r

)
Y
[

r
s

]
(NRuCuRva)

(
uR

b
suLtb

) (
NRpCuR

a
r

)
Y [ r s ] (NRuCuRvb)

(
uR

b
suLta

) (
NRpCuR

a
r

)
Y [ r s ] (NRuCuRva)

(
uR

b
suLtb

) (
NRpCuR

a
r

) (5.556)

O(1∼4)
d̄RdLν̄LNRūRuL

(0, 0)

(νLvNRu)
(
dR

a
pdLrb

) (
uR

b
suLta

)
(νLvNRu)

(
dR

a
pdLra

)
(uR

c
suLtc)

(νLvNRu) (dLrbCuLta)
(
dR

a
pCuR

b
s

)
(νLvNRu) (dLraCuLtc)

(
dR

a
pCuR

c
s

) (5.557)

O(1∼4)
dLēRNRūRuLūL

(0, 0)

(eRrdLpa) (uL
a
vNRu)

(
uR

b
suLtb

)
(eRrdLpa) (uL

c
vNRu) (uR

a
suLtc)

(eRruLtb) (uL
a
vNRu)

(
uR

b
sdLpa

)
(eRruLtc) (uR

a
sdLpa) (uL

c
vNRu)

(5.558)

O(1∼4)
dLd̄LN̄RNRūRuL

(0, 0)

(
NRrdLpa

) (
dL

a
uNRv

) (
uR

b
suLtb

)(
NRrdLpa

) (
dL

c
uNRv

)
(uR

a
suLtc)(

NRruLtb
) (
dL

a
uNRv

) (
uR

b
sdLpa

)(
NRruLtc

)
(uR

a
sdLpa)

(
dL

c
uNRv

) (5.559)

O(1∼4)
d̄ReRN̄RūRuRuL

(0, 0)

(eRuCuRvb)
(
uR

b
suLta

) (
dR

a
pCNRr

)
(eRuCuRva)

(
uR

b
suLtb

) (
dR

a
pCNRr

)(
NRruLta

)
(eRuCuRvb)

(
dR

a
pCuR

b
s

)(
NRruLtb

)
(eRuCuRva)

(
dR

a
pCuR

b
s

) (5.560)

O(1∼4)
d̄RdRN̄RNRūRuL

(0, 0)

(dRubCNRv)
(
uR

b
suLta

) (
dR

a
pCNRr

)
(dRuaCNRv)

(
uR

b
suLtb

) (
dR

a
pCNRr

)(
NRruLta

)
(dRubCNRv)

(
dR

a
pCuR

b
s

)(
NRruLtb

)
(dRuaCNRv)

(
dR

a
pCuR

b
s

) (5.561)

O(1,2)
ēReLν̄LNRūRuL

(0, 0)
(eRpeLr) (νLvNRu) (uR

a
suLta)

(νLvNRu) (eLrCuLta) (eRpCuR
a
s)

(5.562)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼4)
d̄LeLN̄RūRuRuL

(0, 0)

(
NRreLp

) (
dL

b
uuRva

)
(uR

a
suLtb)(

NRreLp
)

(uR
a
suLta)

(
dL

c
uuRvc

)(
NRruLtb

)
(uR

a
seLp)

(
dL

b
uuRva

)(
NRruLta

)
(uR

a
seLp)

(
dL

c
uuRvc

) (5.563)

O(1,2)
eLēLN̄RNRūRuL

(0, 0)
(
NRreLp

)
(eLuNRv) (uR

a
suLta)

(eLuNRv)
(
NRruLta

)
(uR

a
seLp)

(5.564)

O(1,2)
ēReRN̄RNRūRuL

(0, 0) (eRuCNRv)
(
eRpCNRr

)
(uR

a
suLta)

(eRuCNRv)
(
NRruLta

)
(eRpCuR

a
s)

(5.565)

O(1∼4)
νLN̄RūRuRuLūL

(0, 0)

(uLsbCνLt)
(
uL

b
vuRua

) (
NRpCuR

a
r

)
(uLsaCνLt) (uL

c
vuRuc)

(
NRpCuR

a
r

)(
NRpuLsb

)
(uR

a
rνLt)

(
uL

b
vuRua

)(
NRpuLsa

)
(uR

a
rνLt) (uL

c
vuRuc)

(5.566)

O(1∼4)
dRd̄LνLN̄RūRuL

(0, 0)

(uLsbCνLt)
(
dL

b
vdRua

) (
NRpCuR

a
r

)
(uLsaCνLt)

(
dL

c
vdRuc

) (
NRpCuR

a
r

)(
NRpuLsb

)
(uR

a
rνLt)

(
dL

b
vdRua

)(
NRpuLsa

)
(uR

a
rνLt)

(
dL

c
vdRuc

) (5.567)

O(1,2)
eRēLνLN̄RūRuL

(0, 0) (eLveRu) (uLsaCνLt)
(
NRpCuR

a
r

)
(eLveRu)

(
NRpuLsa

)
(uR

a
rνLt)

(5.568)

O(1,2)
νLν̄LN̄RNRūRuL

(0, 0) (νLvNRu) (uLsaCνLt)
(
NRpCuR

a
r

)
(νLvNRu)

(
NRpuLsa

)
(uR

a
rνLt)

(5.569)

O(1,2)
N̄2

RN
2
RūRuL

(0, 0) Y
[

p
r
, u v

]
(NRuCNRv)

(
NRruLta

) (
NRpCuR

a
s

)
Y [ p r , u v ] (NRuCNRv)

(
NRpCNRr

)
(uR

a
suLta)

(5.570)

O(1∼4)
d̄RdLN̄RNRuLūL

(0, 0)

(
NRsuLta

) (
uL

b
vNRu

) (
dR

a
pdLrb

)(
NRsuLtc

) (
dR

a
pdLra

)
(uL

c
vNRu)(

uL
b
vNRu

)
(dLrbCuLta)

(
dR

a
pCNRs

)
(uL

c
vNRu) (dLraCuLtc)

(
dR

a
pCNRs

) (5.571)

O(1∼4)
d̄RdLd̄LeRN̄RuL

(0, 0)

(
NRsuLta

) (
dL

b
ueRv

) (
dR

a
pdLrb

)(
NRsuLtc

) (
dR

a
pdLra

) (
dL

c
ueRv

)(
dL

b
ueRv

)
(dLrbCuLta)

(
dR

a
pCNRs

)(
dL

c
ueRv

)
(dLraCuLtc)

(
dR

a
pCNRs

) (5.572)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼4)
dLd̄2

LeLN̄RuL
(0, 0)

Y [ u v ]
(
NRsuLtb

)
(dLpaCeLr)

(
dL

a
uCdL

b
v

)
Y [ u v ]

(
NRsdLpa

)
(eLrCuLtb)

(
dL

a
uCdL

b
v

)
Y
[

u
v

] (
NRsuLtb

)
(dLpaCeLr)

(
dL

a
uCdL

b
v

)
Y
[

u
v

] (
NRsdLpa

)
(eLrCuLtb)

(
dL

a
uCdL

b
v

) (5.573)

O(1∼4)
dLd̄LνLN̄RuLūL

(0, 0)

(
NRrdLpa

)
(uLsbCνLt)

(
dL

a
uCuL

b
v

)(
NRrdLpa

)
(uLsbCνLt)

(
dL

b
uCuL

a
v

)(
NRrνLt

)
(dLpaCuLsb)

(
dL

a
uCuL

b
v

)(
NRrνLt

)
(dLpaCuLsb)

(
dL

b
uCuL

a
v

) (5.574)

O(1∼4)
d̄2

RdReRN̄RuL
(0, 0)

Y
[

p
r

] (
NRsuLta

)
(dRubCeRv)

(
dR

a
pCdR

b
r

)
Y
[

p
r

]
(dRubCeRv)

(
dR

b
ruLta

) (
dR

a
pCNRs

)
Y [ p r ]

(
NRsuLta

)
(dRubCeRv)

(
dR

a
pCdR

b
r

)
Y [ p r ] (dRubCeRv)

(
dR

b
ruLta

) (
dR

a
pCNRs

) (5.575)

O(1∼4)
d̄ReLN̄RuRuLūL

(0, 0)

(
NRsuLtb

) (
dR

a
peLr

) (
uL

b
vuRua

)(
NRsuLta

) (
dR

a
peLr

)
(uL

c
vuRuc)

(eLrCuLtb)
(
uL

b
vuRua

) (
dR

a
pCNRs

)
(eLrCuLta) (uL

c
vuRuc)

(
dR

a
pCNRs

) (5.576)

O(1∼4)
d̄RdRd̄LeLN̄RuL

(0, 0)

(
NRsuLtb

) (
dR

a
peLr

) (
dL

b
vdRua

)(
NRsuLta

) (
dR

a
peLr

) (
dL

c
vdRuc

)
(eLrCuLtb)

(
dL

b
vdRua

) (
dR

a
pCNRs

)
(eLrCuLta)

(
dL

c
vdRuc

) (
dR

a
pCNRs

) (5.577)

O(1,2)
d̄ReReLēLN̄RuL

(0, 0) (eLveRu)
(
NRsuLta

) (
dR

a
peLr

)
(eLveRu) (eLrCuLta)

(
dR

a
pCNRs

) (5.578)

O(1,2)
d̄ReLν̄LN̄RNRuL

(0, 0) (νLvNRu)
(
NRsuLta

) (
dR

a
peLr

)
(νLvNRu) (eLrCuLta)

(
dR

a
pCNRs

) (5.579)

O(1,2)
d̄RēRe2

RN̄RuL
(0, 0) Y [ u v ] (eRuCeRv)

(
NRsuLta

) (
dR

a
pCeRr

)
Y [ u v ] (eRuCeRv) (eRruLta)

(
dR

a
pCNRs

) (5.580)

O(1∼4)
d̄RdRνLN̄RuLūL

(0, 0)

(uLsbCνLt)
(
uL

b
vdRua

) (
dR

a
pCNRr

)
(uLsaCνLt) (uL

c
vdRuc)

(
dR

a
pCNRr

)(
NRrνLt

) (
dR

a
puLsb

) (
uL

b
vdRua

)(
NRrνLt

) (
dR

a
puLsa

)
(uL

c
vdRuc)

(5.581)

O(1,2)
d̄ReRνLν̄LN̄RuL

(0, 0) (νLveRu) (uLsaCνLt)
(
dR

a
pCNRr

)
(νLveRu)

(
NRrνLt

) (
dR

a
puLsa

) (5.582)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1,2)
d̄ReRN̄2

RNRuL
(0, 0) Y

[
r
s

]
(eRuCNRv)

(
NRsuLta

) (
dR

a
pCNRr

)
Y [ r s ] (eRuCNRv)

(
NRsuLta

) (
dR

a
pCNRr

) (5.583)

O(1,2)
d̄Le2

LēLN̄RuL
(0, 0) Y

[
p
r

] (
NRseLp

)
(eLrCuLta)

(
dL

a
uCeLv

)
Y [ p r ] (eLpCeLr)

(
NRsuLta

) (
dL

a
uCeLv

) (5.584)

O(1,2)
ēReLN̄RNRuLūL

(0, 0) (eRpeLr)
(
NRsuLta

)
(uL

a
vNRu)(

eRpCNRs
)

(eLrCuLta) (uL
a
vNRu)

(5.585)

O(1,2)
d̄LēReReLN̄RuL

(0, 0) (eRpeLr)
(
NRsuLta

) (
dL

a
ueRv

)(
eRpCNRs

)
(eLrCuLta)

(
dL

a
ueRv

) (5.586)

O(1,2)
eLēLνLN̄RuLūL

(0, 0)
(
NRreLp

)
(uLsaCνLt) (eLuCuL

a
v)(

NRrνLt
)

(eLpCuLsa) (eLuCuL
a
v)

(5.587)

O(1,2)
d̄LeLνLν̄LN̄RuL

(0, 0)
(
NRreLp

)
(uLsaCνLt)

(
dL

a
uCνLv

)(
NRrνLt

)
(eLpCuLsa)

(
dL

a
uCνLv

) (5.588)

O(1,2)
d̄LeLN̄2

RNRuL
(0, 0) Y

[
r
s

] (
NRreLp

) (
NRsuLta

) (
dL

a
uNRv

)
Y [ r s ]

(
NRreLp

) (
NRsuLta

) (
dL

a
uNRv

) (5.589)

O(1,2)
ēReRνLN̄RuLūL

(0, 0)
(
eRpCNRr

)
(uLsaCνLt) (uL

a
veRu)(

NRrνLt
)

(eRpuLsa) (uL
a
veRu)

(5.590)

O(1,2)
ν2

Lν̄LN̄RuLūL
(0, 0) Y

[
s
t

] (
NRpνLs

)
(uLraCνLt) (uL

a
uCνLv)

Y [ s t ] (νLsCνLt)
(
NRpuLra

)
(uL

a
uCνLv)

(5.591)

O(1,2)
νLN̄2

RNRuLūL
(0, 0) Y

[
p
r

] (
NRrνLt

) (
NRpuLsa

)
(uL

a
vNRu)

Y [ p r ]
(
NRpCNRr

)
(uLsaCνLt) (uL

a
vNRu)

(5.592)

O(1,2)
d̄LeRνLN̄2

RuL
(0, 0) Y

[
p
r

] (
NRrνLt

) (
NRpuLsa

) (
dL

a
ueRv

)
Y [ p r ]

(
NRpCNRr

)
(uLsaCνLt)

(
dL

a
ueRv

) (5.593)

O(1∼4)
dLēRNRū2
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(0, 0)
(eLuNRv) (eRrdLpa) (uR

a
t eLs)

(eLuNRv) (dLpaCeLs) (eRrCuR
a
t )

(5.600)

O(1,2)
dLē2
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LēLN̄RuR
(0, 0) Y

[
r
s

] (
NRteLs

)
(eLuuRva)

(
dR

a
peLr

)
Y [ r s ]

(
NRteLs

)
(eLuuRva)

(
dR

a
peLr

) (5.641)

O(1,2)
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dRd̄LēReLνLN̄R

(0, 0) (eRpeLr)
(
NRsνLt

) (
dL

a
vdRua

)
(eLrCνLt)

(
eRpCNRs

) (
dL

a
vdRua

) (5.657)

O(1,2)
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eRēLν2

LN̄
2
R

(0, 0) Y
[

p
r
, s

t

]
(eLveRu)

(
NRpνLs

) (
NRrνLt

)
Y [ p r , s t ] (νLsCνLt)

(
NRpCNRr

)
(eLveRu)

(5.671)

O(1,2)
ν2

Lν̄LN̄2
RNR

(0, 0) Y
[

p
r
, s

t

] (
NRpνLs

) (
NRrνLt

)
(νLvNRu)

Y [ p r , s t ] (νLsCνLt)
(
NRpCNRr

)
(νLvNRu)

(5.672)

OνLN̄3
RN

2
R

(0, 0) Y
[

p r
s
, u v

]
(NRuCNRv)

(
NRpCNRr

) (
NRsνLt

)
(5.673)

– 129 –



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

(∆B,∆L) = (0,±2).

O(1∼4)
N2

Rū
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dLēRν̄LN̄RNRūR

(0,−2) (νLvNRu) (eRrdLpa)
(
NRsCuR

a
t

)
(νLvNRu)

(
NRsdLpa

)
(eRrCuR

a
t )

(5.743)

O(1,2)
dLēLν2
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(0, 2) Y

[
s
t

]
(eRrνLt) (dLpaCνLs) (uL

a
vNRu)

Y [ s t ] (νLsCνLt) (eRrdLpa) (uL
a
vNRu)

(5.790)

O(1,2)
dLēRνLν̄LN̄RūL
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RūRuL

(0, 4) Y
[

s
t
, u v

]
(NRuCNRv) (uLraCνLt)

(
uR

a
pνLs

)
Y [ s t , u v ] (NRuCNRv) (νLsCνLt)

(
uR

a
puLra

) (5.846)

O(1,2)
ν̄2

LN̄
2
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RūR
(0,−4) Y

[
r
s

] (
NRrdLpa

)
(eLuCνLv)

(
NRsCuR

a
t

)
Y [ r s ]

(
NRrdLpa

)
(eLuCνLv)

(
NRsCuR

a
t

) (5.854)

O(1,2)
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RūL

(0,−4) Y
[

r s
t

] (
NRsCNRt

) (
NRrdLpa

)
(eLuCuL

a
v) (5.863)

OdLd̄Lν̄LN̄3
R

(0,−4) Y
[

r s
t

] (
NRsCNRt

) (
NRrdLpa

) (
dL

a
uCνLv

)
(5.864)

O(1,2)
d̄ReLν2

LNRuR
(0, 4) Y

[
s
t

]
(eLrCνLt) (NRuCuRva)

(
dR

a
pνLs

)
Y [ s t ] (νLsCνLt) (NRuCuRva)

(
dR

a
peLr

) (5.865)

Od̄RdRν3
LNR

(0, 4) Y
[

r s
t

]
(νLsCνLt) (dRuaCNRv)

(
dR

a
pνLr

)
(5.866)

Od̄RdRν̄LN̄3
R

(0,−4) Y
[

r s
t

] (
NRsCNRt

)
(νLvdRua)

(
dR

a
pCNRr

)
(5.867)

O(1,2)
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(5.891)

O(1∼6)
d̄2

LN̄Rū2
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d2
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Y
[
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r

]
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a
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[
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Y
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a
sdLpa) (dLrbCuLtd)

Y [ p r ] εbde (dLpaCdLrb) (NRuCuRve) (uR
a
suLtd)

Y [ p r ] εbde (NRuCuRve) (uR
a
sdLpa) (dLrbCuLtd)
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)
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)
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(
dR

a
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)
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Y
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[
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)
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d̄RēLνLN̄RūRūL
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) (
dR

a
pCNRr
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]
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d̄LēRνLN̄RūRūL
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eRpCNRr

)
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(
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v
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) (5.928)
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Y
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t
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(5.938)

O(1∼4)
d̄3

RdRN̄RūL
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e
vdRub)

(
dR

c
sCNRt

)
Y
[
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[
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ReLēLN̄RūL
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(
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O(1,2)
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v
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(∆B,∆L) = (±1,∓1).
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a
r

)
(5.951)
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LūL
(1,−1)

Y
[

s
t

]
εbcd

(
NRrdLpa

)
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(5.952)
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L
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)
(dLpaCuLsb)

Y
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t

]
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(
NRrdLpa
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(uLsbCuLtc)
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O(1,2)
dReLν̄LN̄Ru2

L
(1,−1) Y [ s t ] εabc

(
NRruLtb

)
(νLvdRuc) (eLpCuLsa)

Y
[

s
t

]
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NRreLp

)
(νLvdRuc) (uLsaCuLtb)

(5.954)

O(1,2)
dReRN̄2

Ru
2
L
(1,−1) Y

[
p
r
, s t

]
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(
NRpuLsa

) (
NRruLtb

)
(dRucCeRv)

Y
[

p r , s
t

]
εabc

(
NRpCNRr

)
(uLsaCuLtb) (dRucCeRv)

(5.955)

O(1∼6)
d̄Rd̄LNRū2

RuL
(−1, 1)
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r
s
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dL

e
uNRv
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pCuR
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dL
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dL
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pCuR
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dL
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a
pCuR
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r

)
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dL
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uNRv

)
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c
suLtd)

(
dR

a
pCuR

b
r

)
(5.956)

O(1∼6)
dRdLN̄RūRuRuL

(1,−1)

εcde
(
NRrdLpa

)
(dRudCuRve) (uR

a
suLtc)

εace
(
NRrdLpa

)
(dRubCuRve)

(
uR

b
suLtc

)
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(
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(
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NRsdLpa

)
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Y
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]
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NRsuLtc
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(5.961)

O(1,2)
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Y [ u v ] εbcd
(
NRsuLtc
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R
(−1, 1) Y [ r s ] εabc

(
uR

b
sνLt

) (
dL

c
uNRv

)
(eRpCuR

a
r)

Y
[

r
s

]
εabc

(
uR

b
sνLt

) (
dL

c
uNRv

)
(eRpCuR

a
r)

(5.976)

O(1∼6)
d2

LN̄RūRu2
R

(1,−1)

Y
[

p
r
, u

v

]
εbde (dLpaCdLrb) (uRudCuRve)

(
NRsCuR

a
t

)
Y
[

p
r
, u

v

]
εbde

(
NRsdLpa

)
(uRudCuRve) (uR

a
t dLrb)

Y [ p r , u v ] εabe
(
NRsdLpa

)
(uRucCuRve) (uR

c
tdLrb)

Y
[

p r , u
v

]
εbde (dLpaCdLrb) (uRudCuRve)

(
NRsCuR

a
t

)
Y
[

p r , u
v

]
εbde

(
NRsdLpa

)
(uRudCuRve) (uR

a
t dLrb)

Y
[

p
r
, u v

]
εabe (dLpaCdLrb) (uRucCuRve)

(
NRsCuR

c
t

)
(5.977)
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J
H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1∼6)
d̄2

RdLd̄LNRūR
(−1, 1)

Y
[

p
r

]
εbde

(
dL

e
uNRv

) (
dR

a
pCdR

b
r

) (
uR

d
t dLsa

)
Y
[

p
r

]
εabd

(
dL

c
uNRv

) (
dR

a
pCdR

b
r

) (
uR

d
t dLsc

)
Y
[

p
r

]
εbde

(
dR

a
pdLsa

) (
dL

e
uNRv

) (
dR

b
rCuR

d
t

)
Y [ p r ] εbde

(
dL

e
uNRv

) (
dR

a
pCdR

b
r

) (
uR

d
t dLsa

)
Y [ p r ] εbde

(
dR

a
pdLsa

) (
dL

e
uNRv

) (
dR

b
rCuR

d
t

)
Y [ p r ] εabd

(
dL

c
uNRv

) (
dR

a
pdLsc

) (
dR

b
rCuR

d
t

)
(5.978)

O(1∼4)
d̄3

RdRNRūR
(−1, 1)

Y [ p r s ] εbcd (dRuaCNRv)
(
dR

a
pCdR

b
r

) (
dR

c
sCuR

d
t

)
Y
[

p r
s

]
εbcd (dRuaCNRv)

(
dR

a
pCdR

b
r

) (
dR

c
sCuR

d
t

)
Y
[

p r
s

]
εabd (dRucCNRv)

(
dR

a
pCdR

b
r

) (
dR

c
sCuR

d
t

)
Y
[

p
r
s

]
εbcd (dRuaCNRv)

(
dR

a
pCdR

b
r

) (
dR

c
sCuR

d
t

) (5.979)

O(1,2)
d̄2

ReLēLNRūR
(−1, 1) Y [ p r ] εabc (eLuNRv)

(
dR

a
peLs

) (
dR

b
rCuR

c
t

)
Y
[

p
r

]
εabc (eLuNRv) (uR

c
teLs)

(
dR

a
pCdR

b
r

) (5.980)

O(1,2)
d̄2

RēReRNRūR
(−1, 1) Y [ p r ] εabc (eRuCNRv)

(
dR

a
pCeRs

) (
dR

b
rCuR

c
t

)
Y
[

p
r

]
εabc (eRuCNRv)

(
dR

a
pCdR

b
r

)
(eRsCuR

c
t)

(5.981)

O(1,2)
d̄2

RνLν̄LNRūR
(−1, 1) Y [ p r ] εabc (νLvNRu)

(
dR

b
rνLt

) (
dR

a
pCuR

c
s

)
Y
[

p
r

]
εabc (νLvNRu) (uR

c
sνLt)

(
dR

a
pCdR

b
r

) (5.982)

O(1,2)
d̄2

RN̄RN2
RūR

(−1, 1) Y [ p r , u v ] εabc (NRuCNRv)
(
dR

a
pCNRs

) (
dR

b
rCuR

c
t

)
Y
[

p
r
, u v

]
εabc (NRuCNRv)

(
dR

a
pCdR

b
r

) (
NRsCuR

c
t

) (5.983)

O(1,2)
d̄Rd̄LēReLNRūR

(−1, 1) εabc
(
uR

b
teLs

) (
dL

c
uNRv

) (
dR

a
pCeRr

)
εabc

(
dR

a
peLs

) (
dL

c
uNRv

) (
eRrCuR

b
t

) (5.984)

O(1,2)
d̄RēRνLNRūRūL

(−1, 1) εabc
(
uR

b
sνLt

)
(uL

c
vNRu)

(
dR

a
pCeRr

)
εabc (eRrνLt) (uL

c
vNRu)

(
dR

a
pCuR

b
s

) (5.985)

O(1,2)
d̄Rd̄LνLN̄RNRūR

(−1, 1) εabc
(
uR

b
sνLt

) (
dL

c
uNRv

) (
dR

a
pCNRr

)
εabc

(
NRrνLt

) (
dL

c
uNRv

) (
dR

a
pCuR

b
s

) (5.986)

O(1,2)
d̄2

Lν
2
LN̄RūR

(−1, 1) Y
[

s
t
, u

v

]
εabc

(
NRpνLs

)
(uR

a
rνLt)

(
dL

b
uCdL

c
v

)
Y
[

s t , u
v

]
εabc (νLsCνLt)

(
NRpCuR

a
r

) (
dL

b
uCdL

c
v

) (5.987)

Od3
LēRν̄LNR

(1,−1) Y
[

p r
s

]
εabc (νLvNRu) (eRtdLsc) (dLpaCdLrb) (5.988)

O(1∼4)
d3

Ld̄LN̄RuR
(1,−1)

Y [ p r s ] εbce
(
NRtdLsc

)
(dLpaCdLrb)

(
dL

a
uuRve

)
Y
[

p r
s

]
εbce

(
NRtdLsc

)
(dLpaCdLrb)

(
dL

a
uuRve

)
Y
[

p r
s

]
εabe

(
NRtdLsc

)
(dLpaCdLrb)

(
dL

c
uuRve

)
Y
[

p
r
s

]
εbce

(
NRtdLsc

)
(dLpaCdLrb)

(
dL

a
uuRve

) (5.989)

Od3
LēLN̄RNR

(1,−1) Y
[

p r
s

]
εabc (eLuNRv)

(
NRtdLsc

)
(dLpaCdLrb) (5.990)
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)
0
0
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O(1∼6)
d̄RdRd2

LN̄RuR
(1,−1)

Y
[

r
s

]
εcde

(
NRtdLsc

) (
dR

a
pdLra

)
(dRudCuRve)

Y
[

r
s

]
εbde

(
NRtdLsa

)
(dRudCuRve)

(
dR

a
pdLrb

)
Y
[

r
s

]
εbcd

(
NRtdLsc

)
(dRudCuRva)

(
dR

a
pdLrb

)
Y [ r s ] εcde

(
NRtdLsc

) (
dR

a
pdLra

)
(dRudCuRve)

Y [ r s ] εbde
(
NRtdLsa

)
(dRudCuRve)

(
dR

a
pdLrb

)
Y [ r s ] εbcd

(
NRtdLsc

)
(dRudCuRva)

(
dR

a
pdLrb

)
(5.991)

O(1,2)
d2

LeLēLN̄RuR
(1,−1) Y [ p r ] εabc

(
NRtdLrb

)
(eLuuRvc) (dLpaCeLs)

Y
[

p
r

]
εabc

(
NRteLs

)
(eLuuRvc) (dLpaCdLrb)

(5.992)

O(1,2)
d2

LēReRN̄RuR
(1,−1) Y [ p r ] εabc (eRsdLpa)

(
NRtdLrb

)
(eRuCuRvc)

Y
[

p
r

]
εabc

(
eRsCNRt

)
(dLpaCdLrb) (eRuCuRvc)

(5.993)

O(1,2)
dRd2

LēRN̄RNR
(1,−1) Y [ p r ] εabc (eRsdLpa)

(
NRtdLrb

)
(dRucCNRv)

Y
[

p
r

]
εabc

(
eRsCNRt

)
(dLpaCdLrb) (dRucCNRv)

(5.994)

O(1,2)
d2

LνLν̄LN̄RuR
(1,−1) Y [ p r ] εabc

(
NRsdLpa

)
(νLvuRuc) (dLrbCνLt)

Y
[

p
r

]
εabc

(
NRsνLt

)
(νLvuRuc) (dLpaCdLrb)

(5.995)

O(1,2)
dRd2

LēLνLN̄R
(1,−1) Y [ p r ] εabc

(
NRsdLpa

)
(eLvdRuc) (dLrbCνLt)

Y
[

p
r

]
εabc

(
NRsνLt

)
(eLvdRuc) (dLpaCdLrb)

(5.996)

O(1,2)
d2

LN̄
2
RNRuR

(1,−1) Y
[

p r , s
t

]
εabc

(
NRsdLpa

) (
NRtdLrb

)
(NRuCuRvc)

Y
[

p
r
, s t

]
εabc

(
NRsCNRt

)
(dLpaCdLrb) (NRuCuRvc)

(5.997)

O(1∼4)
d̄3

RdLNRūL
(−1, 1)

Y [ p r s ] εace (uL
e
vNRu)

(
dR

a
pCdR

b
r

) (
dR

c
sdLtb

)
Y
[

p r
s

]
εace (uL

e
vNRu)

(
dR

a
pCdR

b
r

) (
dR

c
sdLtb

)
Y
[

p r
s

]
εbce (uL

e
vNRu)

(
dR

a
pCdR

b
r

) (
dR

c
sdLta

)
Y
[

p
r
s

]
εace (uL

e
vNRu)

(
dR

a
pCdR

b
r

) (
dR

c
sdLtb

) (5.998)

O(1,2)
dRdLēReLN̄RuR

(1,−1) ε
abc
(
NRteLs

)
(eRrdLpa) (dRubCuRvc)

εabc
(
eRrCNRt

)
(dLpaCeLs) (dRubCuRvc)

(5.999)

O(1,2)
dLeLN̄2

Ru
2
R

(1,−1) Y
[

s
t
, u

v

]
εabc

(
NRteLr

) (
NRsdLpa

)
(uRubCuRvc)

Y
[

s t , u
v

]
εabc

(
NRsCNRt

)
(dLpaCeLr) (uRubCuRvc)

(5.1000)

O(1,2)
d2

RdLēRνLN̄R
(1,−1) Y

[
u
v

]
εabc

(
NRsνLt

)
(eRrdLpa) (dRubCdRvc)

Y
[

u
v

]
εabc (eRrνLt)

(
NRsdLpa

)
(dRubCdRvc)

(5.1001)

O(1,2)
dRdLνLN̄2

RuR
(1,−1) Y

[
r
s

]
εabc

(
NRsνLt

) (
NRrdLpa

)
(dRubCuRvc)

Y [ r s ] εabc
(
NRsνLt

) (
NRrdLpa

)
(dRubCuRvc)

(5.1002)

Od̄3
ReLν̄LNR

(−1, 1) Y
[

p r
s

]
εabc (νLvNRu)

(
dR

c
seLt

) (
dR

a
pCdR

b
r

)
(5.1003)

Od̄3
ReRN̄RNR

(−1, 1) Y
[

p r
s

]
εabc (eRuCNRv)

(
dR

a
pCdR

b
r

) (
dR

c
sCNRt

)
(5.1004)
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H
E
P
1
1
(
2
0
2
1
)
0
0
3

O(1,2)
d̄2

RēReLNRūL
(−1, 1) Y [ p r ] εabc

(
dR

b
reLt

)
(uL

c
vNRu)

(
dR

a
pCeRs

)
Y
[

p
r

]
εabc (eRseLt) (uL

c
vNRu)

(
dR

a
pCdR

b
r

) (5.1005)

O(1,2)
d̄2

Rd̄LeLN̄RNR
(−1, 1) Y [ p r ] εabc

(
dR

a
peLs

) (
dL

c
uNRv

) (
dR

b
rCNRt

)
Y
[

p
r

]
εabc

(
NRteLs

) (
dL

c
uNRv

) (
dR

a
pCdR

b
r

) (5.1006)

O(1,2)
d̄2

RνLN̄RNRūL
(−1, 1) Y [ p r ] εabc

(
dR

b
rνLt

)
(uL

c
vNRu)

(
dR

a
pCNRs

)
Y
[

p
r

]
εabc

(
NRsνLt

)
(uL

c
vNRu)

(
dR

a
pCdR

b
r

) (5.1007)

O(1,2)
d̄2

Rd̄LeRνLN̄R
(−1, 1) Y [ p r ] εabc

(
dR

b
rνLt

) (
dL

c
ueRv

) (
dR

a
pCNRs

)
Y
[

p
r

]
εabc

(
NRsνLt

) (
dL

c
ueRv

) (
dR

a
pCdR

b
r

) (5.1008)

O(1,2)
d̄Rd̄2

LeLνLN̄R
(−1, 1) Y

[
u
v

]
εabc

(
NRsνLt

) (
dR

a
peLr

) (
dL

b
uCdL

c
v

)
Y
[

u
v

]
εabc (eLrCνLt)

(
dR

a
pCNRs

) (
dL

b
uCdL

c
v

) (5.1009)

O(1,2)
d̄Rd̄Lν2

LN̄RūL
(−1, 1) Y

[
s
t

]
εabc

(
NRrνLt

) (
dR

a
pνLs

) (
dL

b
uCuL

c
v

)
Y [ s t ] εabc (νLsCνLt)

(
dR

a
pCNRr

) (
dL

b
uCuL

c
v

) (5.1010)

(∆B,∆L) = (±1,±3).

OeReLNRu3
L
(1, 3) Y

[
r s
t

]
εabc (eRuCNRv) (eLpCuLra) (uLsbCuLtc) (5.1011)

O(1,2)
dLeLN2

Ru
2
L
(1, 3) Y [ s t , u v ] εabc (NRuCNRv) (eLrCuLtc) (dLpaCuLsb)

Y
[

s
t
, u v

]
εabc (NRuCNRv) (dLpaCeLr) (uLsbCuLtc)

(5.1012)

O(1,2)
dLeRνLNRu2

L
(1, 3) Y [ r s ] εabc (eRuCNRv) (uLscCνLt) (dLpaCuLrb)

Y
[

r
s

]
εabc (eRuCNRv) (uLscCνLt) (dLpaCuLrb)

(5.1013)

O(1,2)
e2

LNRuRu2
L
(1, 3) Y

[
p
r
, s t

]
εabc (eLpCuLsa) (eLrCuLtb) (NRuCuRvc)

Y
[

p r , s
t

]
εabc (eLpCeLr) (uLsaCuLtb) (NRuCuRvc)

(5.1014)

O(1,2)
dReLνLNRu2

L
(1, 3) Y [ r s ] εabc (eLpCuLra) (uLsbCνLt) (dRucCNRv)

Y
[

r
s

]
εabc (eLpCuLra) (uLsbCνLt) (dRucCNRv)

(5.1015)

O(1,2)
d2

LνLN2
RuL

(1, 3) Y [ p r , u v ] εabc (NRuCNRv) (dLrbCνLt) (dLpaCuLsc)
Y
[

p
r
, u v

]
εabc (NRuCNRv) (dLpaCdLrb) (uLscCνLt)

(5.1016)

O(1,2)
dLeLνLNRuRuL

(1, 3)
εabc (dLpaCeLr) (uLsbCνLt) (NRuCuRvc)
εabc (eLrCνLt) (NRuCuRvc) (dLpaCuLsb)

(5.1017)

O(1,2)
dRdLν2

LNRuL
(1, 3) Y

[
s
t

]
εabc (dLpaCνLs) (uLrbCνLt) (dRucCNRv)

Y [ s t ] εabc (νLsCνLt) (dRucCNRv) (dLpaCuLrb)
(5.1018)

Oē2
LN̄Rū3

R
(−1,−3) Y

[
r s
t
, u v

]
εabc (eLuCeLv)

(
NRpCuR

a
r

) (
uR

b
sCuR

c
t

)
(5.1019)

O(1,2)
d̄RēLν̄LN̄Rū2

R
(−1,−3) Y [ s t ] εabc (eLuCνLv)

(
NRrCuR

c
t

) (
dR

a
pCuR

b
s

)
Y
[

s
t

]
εabc (eLuCνLv)

(
dR

a
pCNRr

) (
uR

b
sCuR

c
t

) (5.1020)

O(1,2)
ēRēLN̄Rū2

RūL
(−1,−3) Y [ s t ] εabc (eRpCuR

a
s)
(
NRrCuR

b
t

)
(eLuCuL

c
v)

Y
[

s
t

]
εabc

(
eRpCNRr

) (
uR

a
sCuR

b
t

)
(eLuCuL

c
v)

(5.1021)
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P
1
1
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)
0
0
3

O(1,2)
d̄LēRν̄LN̄Rū2

R
(−1,−3) Y [ s t ] εabc (eRpCuR

a
s)
(
NRrCuR

b
t

) (
dL

c
uCνLv

)
Y
[

s
t

]
εabc

(
eRpCNRr

) (
uR

a
sCuR

b
t

) (
dL

c
uCνLv

) (5.1022)

O(1,2)
d̄LēLN̄2

Rū
2
R

(−1,−3) Y
[

p
r
, s t

]
εabc

(
NRpCuR

a
s

) (
NRrCuR

b
t

) (
dL

c
uCeLv

)
Y
[

p r , s
t

]
εabc

(
NRpCNRr

) (
uR

a
sCuR

b
t

) (
dL

c
uCeLv

) (5.1023)

O(1,2)
d̄2

Rν̄
2
LN̄RūR

(−1,−3) Y [ p r , u v ] εabc (νLuCνLv)
(
dR

a
pCNRs

) (
dR

b
rCuR

c
t

)
Y
[

p
r
, u v

]
εabc (νLuCνLv)

(
dR

a
pCdR

b
r

) (
NRsCuR

c
t

) (5.1024)

O(1,2)
d̄RēRν̄LN̄RūRūL

(−1,−3) εabc
(
dR

a
pCeRr

) (
NRsCuR

b
t

)
(uL

c
uCνLv)

εabc
(
dR

a
pCNRs

) (
eRrCuR

b
t

)
(uL

c
uCνLv)

(5.1025)

O(1,2)
d̄RēLN̄2

RūRūL
(−1,−3) Y

[
r
s

]
εabc

(
dR

a
pCNRr

) (
NRsCuR

b
t

)
(eLuCuL

c
v)

Y [ r s ] εabc
(
dR

a
pCNRr

) (
NRsCuR

b
t

)
(eLuCuL

c
v)

(5.1026)

O(1,2)
d̄Rd̄Lν̄LN̄2

RūR
(−1,−3) Y

[
r
s

]
εabc

(
dR

a
pCNRr

) (
NRsCuR

b
t

) (
dL

c
uCνLv

)
Y [ r s ] εabc

(
dR

a
pCNRr

) (
NRsCuR

b
t

) (
dL

c
uCνLv

) (5.1027)

O(1,2)
ē2

RN̄RūRū2
L
(−1,−3) Y

[
p
r
, u

v

]
εabc

(
eRpCNRs

)
(eRrCuR

a
t )
(
uL

b
uCuL

c
v

)
Y
[

p r , u
v

]
εabc (eRpCeRr)

(
NRsCuR

a
t

) (
uL

b
uCuL

c
v

) (5.1028)

O(1,2)
d̄LēRN̄2

RūRūL
(−1,−3) Y

[
r
s

]
εabc

(
eRpCNRr
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RūL

(−1,−3) Y
[

r s
t

]
εabc

(
NRsCNRt

) (
dR

a
pCNRr

) (
dL

b
uCuL

c
v

)
(5.1034)

(∆B,∆L) = (±1,∓3).
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(−1, 3) Y

[
s
t

]
εabc

(
dR

a
pνLs

) (
uR

b
rνLt

) (
dL

c
uNRv

)
Y [ s t ] εabc (νLsCνLt)

(
dL

c
uNRv

) (
dR

a
pCuR

b
r

) (5.1039)

Od3
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6 Conclusion

In this paper, we investigated the operator basis in the νSMEFT and νLEFT frameworks,
in which the SMEFT is extended with light sterile right-handed neutrinos, its mass ranging
from KeV to tens of GeV. Of course, it is also valid for the right-handed neutrinos with mass
of O(1)TeV if other new particles are much above O(1)TeV. We briefly review the Young
tensor method introduced in a series of our work [5, 7, 12]: starting from the spinor-helicity
formalism and the amplitude-operator correspondence, and then exhibiting the Lorentz and
gauge structure construction of operators using Young tableaux. We utilize this method
to obtain the complete and independent operator basis in νSMEFT and νLEFT up to
dimension 9, and illustrate the whole procedure with a specific example of a dimension 9
operator type LN3

CHD
2. Following the same procedure, we listed all the explicit operators

in section 4 and section 5. We also discussed the differences between the Dirac neutrinos
and the Majorana neutrinos, which directly relates to the lepton number U(1)L. If the
lepton number U(1)L violating operators are turned on in the νSMEFT and νLEFT, the
neutrinos should be recognized as Majorana neutrinos, otherwise the neutrinos are Dirac.

At the mass dimension 5, 6, 7, 8, 9 in the νSMEFT, we found that there are 2, 29, 80,
323, 1358 independent operators involving the right-handed neutrino for one generation of
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fermions, and 18, 1614, 4206, 20400, 243944 flavor-specified independent operators involving
the right-handed neutrinos for three generation of fermions, as shown in table 3, 4 and 5.
In the νLEFT with the top quark integrated out, at the mass dimension 5, 6, 7, 8, 9, we
found that there are 24, 5223, 3966, 25425, 789426 independent operators involving the
right-handed neutrinos for two generations of up-type quarks and three generations of all
other fermions, as shown in table 6 and 7.

The operator bases in the νSMEFT and νLEFT can be applied to various physical
processes and give rise to new contributions in addition to those of SMEFT and LEFT. The
νSMEFT and νLEFT have been applied to study various processes involving light sterile
neutrinos at the future colliders and various precision experiments. With the complete
operator bases written down, more physical processes are expected to be explored within the
framework of νSMEFT and νLEFT, such as various lepton and baryon number violating
processes with sterile neutrinos. Furthermore, the renormalization group (RG) running
equations in the νSMEFT and νLEFT [41–43], and the matching between the νSMEFT
and the νLEFT [19, 20] has been investigated up to the dimension 6, although the full
RG running equations are still under construction. After all the above theoretical setup
equipped, it would be ready to explore light sterile neutrino related processes involving
several scales in the EFT framework.
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