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1 Introduction

The discovery of the Higgs boson at the Large Hadron Collider along the absence of an ob-
servation of physics beyond the Standard Model (SM) has left open questions surrounding
the nature of electroweak (EW) symmetry breaking. One such question concerns the Higgs
boson itself: is the Higgs boson part of an SU(2)L doublet with hypercharge Y = 1/2, or
is it an electroweak singlet? Measurements at energies well below the electroweak scale
interpreted in an effective field theory (EFT) framework provide one way of answering this
question. The effective field theory approach to analyzing experimental data has become
widely popular due to its model-independence and systematic improvability.

The Low-Energy Effective Field Theory below the Electroweak Scale (LEFT), as its
name implies, is correct the EFT to use to interpret measurements below the EW scale [1–
4]. The LEFT gauge group is the product of QCD and QED, SU(3) × U(1)Q, with field
strengths GAµν and Fµν , respectively. There are nu = 2 generations of up-type quarks,
uL, uR, and nd = ne = nν = 3 generations of down-type quarks, charged leptons, and
left-handed neutrinos, dL, dR, eL, eR, νL. Through the lens of the LEFT the question
concerning the Higgs boson can be restated as: what is the UV completion of the LEFT?
A leading candidate is the Standard Model Effective Field Theory (SMEFT) in which
the Higgs boson forms part of an SU(2)L doublet with Y = 1/2 [5–16]. The SMEFT
has a larger gauge group, SU(3) × SU(2)L × U(1)Y , than the LEFT leading to the seven
fermion fields of the LEFT (ignoring flavor) being encoded into only five SMEFT fermion
fields, l, e, q, u, d. This leads to correlations among LEFT Wilson coefficients matching
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to the SMEFT. For example, the dimension-6 SMEFT contribution to the LEFT operator
(τ̄LγµνLτ )(c̄RγµbR) cannot induce lepton universality violation [17–19]. Ref. [1] tabulated
the full set of correlations between dimension-6 LEFT coefficients that would arise if it is
UV-completed by the SMEFT.

By measuring observables sensitive to these coefficients one can test whether the
SMEFT is the correct completion of the LEFT. Here correlated coefficients means a linear
combination of Wilson coefficients that generally should be O(1/Λ2), but is instead zero
when matched to the SMEFT at dimension-6. However, as any measurement has a finite
precision, it is important to first determine the size of the corrections to these correlations
resulting from higher-order effects to design an experiment with the appropriate level of
sensitivity. For correlated dimension-6 coefficients typically what will happen when the
matching is extended to dimension-8 is that a correlated coefficient will no longer be zero,
but instead will be of order O(v2/Λ4).

Furthermore, many dimension-8 operators are subject to positivity bounds arising from
fundamental principles of quantum field theory including unitarity and analyticity, see [20–
29] for some recent applications. The LEFT is a valid EFT in its own right, independent
of whatever its UV completion may be. As such the Wilson coefficients of the LEFT are
subject to their own set of positivity bounds. In general, the constraints on the underlying
physics from LEFT positivity bounds will not be identical to those arising from its UV
completion, say, the SMEFT. This is due to the fact that the matching between the LEFT
and the SMEFT is rich in nature, and is not simply a matter of setting the Higgs field to its
vacuum expectation value (vev). In addition to these contact contributions to the matching
there are also exchanges of SM particles with masses comparable to the EW scale, and the
number possible exchange contributions to the matching increases with mass increasing
dimension [1, 3, 4].

The first step in tackling these matching problems is to construct a complete basis
of dimension-8 LEFT operators, which is the goal of this work. We find there are 35058
operators. The overwhelming majority of these operators, 34721 to be exact, contain four
fermions along with either a field strength or two derivatives. In contrast the SMEFT has
fewer operators belonging to classes ψ4X or ψ4D2, 21303 [10, 13, 14], which will lead to
correlations among LEFT dimension-8 operators when matched to the SMEFT, repeating
the behavior first seen at dimension-6.

2 LEFT dimension-8 operators

The LEFT consists of all the gauge invariant, non-redundant operators of dimension-3 and
higher that can be formed out of the subset of SM fields whose masses are parametrically
smaller than the electroweak scale. Additionally, the LEFT possesses an expansion in the
mass dimension, d, of its operators with expansion parameter 1/vd−4 for d > 4 where v
is the vev of the Higgs field in the SM. LEFT operators with two or more fermions can
violate lepton number, and LEFT operators with four fermions can violate both baryon
and lepton number. Ref. [1] constructed a LEFT operator basis for operators up to and
including dimension-6. At dimension-5 there is one operator class ψ2X, while at dimension-
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6 there are two classes, X3 and ψ4. The one-loop anomalous dimension matrix for these
operators was computed by the same authors in ref. [2]. Ref. [4] constructed a LEFT basis
for dimension-7 operators. There are two classes of dimension-7 LEFT operators: ψ2X2

and ψ4D.
Much effort has been devoted to counting the number of operators in an EFT [10, 30–

35]. Specifically, we use the Mathematica program Sym2Int [34] to count the number of
LEFT dimension-8 operators along with their baryon and lepton numbers. Sym2Int also
provides the flavor structures of the Lagrangian terms up to ambiguities due to integration
by parts relations between operators with repeated fields. We find the number of LEFT
dimension-8 operators is

Noperators = 35058 = 21144|∆L=0
∆B=0 +5442|∆L=2

∆B=0 +4536|∆L=1
∆B=1 +3888|∆L=−1

∆B=1 +48|∆L=4
∆B=0 (2.1)

for the SM case of nu = 2 and nd = ne = nν = 3. The counting for arbitrary nν,e,u,d is
given in table 1 of appendix A.

In this work we construct a complete basis of dimension-8 LEFT operators. There are
four operators classes to consider: X4, ψ2X2D, ψ4X, and ψ4D2. Each class of operators
contains subclasses with definite transformation properties under the Lorentz group. For
example, {X4

L, X
4
R, X

2
LX

2
R} ∈ X4 where XL ∼ (1, 0) and XR ∼ (0, 1) under SU(2)l ×

SU(2)r of the Lorentz group. The existence of complete bases of dimension-8 SMEFT
operators [13, 14] aides in the construct of a LEFT dimension-8 basis as all of the LEFT
operator classes are also present in the SMEFT at dimension-8. However not all of the
types of LEFT operators are present in the SMEFT. For example, some LEFT operators
involving four fermions can violate lepton number while preserving baryon number, but in
the SMEFT even mass dimensions operators (below d = 10) conserve baryon minus lepton
number, ∆B −∆L = 0 [36, 37].

The LEFT Lagrangian terms with two or less fermions are a subset of their SMEFT
counterparts, and can be constructed by relabeling some of the fields of the appropriate op-
erators. For definiteness we use the SMEFT dimension-8 basis of ref. [13] when constructing
these LEFT operators, and refer the reader there for more detail on the construction of
the operator basis. Each of these Lagrangian terms has trivial flavor structure with X4

and ψ2X2D terms containing one and n2
f operators, respectively. In total there are 23 X4

operators and 2n2
ν + 4n2

e + 20n2
u + 20n2

d = 314 ψ2X2D operators. Table 5 of appendix B
lists the X4 operators, while tables 6 and 7 contain the ψ2X2D operators.

As there are a large number of operators with four fermions it is convenient to break
these operators classes into different cases. For operators that conserve both baryon and
lepton number we again start from the SMEFT operators of ref. [13] and relabel fields as
appropriate. However the counting of operators in Lagrangian terms with repeated field
does not translate from the SMEFT to the LEFT as there are five fermion fields in the
SMEFT, whereas there are seven fermion fields in the LEFT. The flavor structure and op-
erator counting for each Lagrangian term with four fermions is given in tables 2, 3, and 4.
We make one change from the approach of ref. [13], namely that all of the baryon and lep-
ton number conserving operators in this work have lepton bilinear and/or quark bilinears,
but they do not contain leptoquark bilinears. There is one baryon number conserving term
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in [13] with a leptoquark bilinear, and we use a Fierz identity to eliminate it in favor of
operators with the tensor Dirac matrix σµν . A special case are the subclass ψ4

LD
2 operators

with all charged-lepton fields. The lack of color indicies allows for a symmetric and antisym-
metric flavor representation to be unambiguously combined into a single Lagrangian term.
In equations, for up-quarks there is Dµ(ūLuR)Dµ(ūLuR) and Dµ(ūLTAuR)Dµ(ūLTAuR),
whereas for charged-leptons there can clearly only be Dµ(ēLeR)Dµ(ēLeR). Similarly, the
lack of color indices on the lepton fields makes some operators of subclass ψ2

Lψ
2
RD

2 redun-
dant. One such example is

(ēRpγµ
←→
D ρeRr)(ēRsγµ

←→
D ρeRt) = O(1,RR)

e4D2
prst

+ 2O(1,RR)
e4D2
ptsr

. (2.2)

For operators that violate baryon and/or lepton number we start from our opera-
tor counting and instead use set of Lorentz structures for each subclass of operator from
ref. [14]. We then use Fierz identities to eliminate leptoquark bilinears from the ∆L = 2
operators with two left-handed and two right-handed fermions. On the other hand, for
∆L = 2 operators with four left-handed fermions (and their Hermitian conjugates) we only
eliminate leptoquark bilinears when there are no repeated fields. That is, for operators
with two left-handed neutrinos and two left-handed quarks we make the choice to have lep-
toquark bilinears to avoid writing Lagrangian terms as sum of two terms. As an example,
the neutrinos in O(2,ST )

ν2d2F can be in a symmetric or an antisymmetric flavor representation.

L
(2,ST )
ν2d2F
prst

O(2,ST )
ν2d2F
prst

∼ L(2a,ST )
ν2d2F
[pt]sr

O(2a,ST )
ν2d2F
ptsr

+ L
(2s,ST )
ν2d2F
(pt)sr

O(2s,ST )
ν2d2F
ptsr

,

O(2a,ST )
ν2d2F = (ν>LpCνLr)(d̄RsσµρdLt)Fµρ,

O(2s,ST )
ν2d2F = (ν>LpCσµλνLr)(d̄RsσλρdLt)F ρµ , (2.3)

where [·] and (·) indicate anti-symmetrization and symmetrization respectively.
There are 24108 ψ4X LEFT operators and 10613 ψ4D2 LEFT operators. These classes

have more operators than their SMEFT counterparts despite the handicap of having one
fewer generation of up-type quarks. As such there are correlations between LEFT Wilson
coefficients when matching from the SMEFT. Measuring processes sensitive to these coef-
ficients is way one to test whether the SMEFT is the correct UV completion of the LEFT.

The baryon and lepton number conserving operators of class ψ4X and subclass ψ2
Lψ

2
RX

are enumerated in tables 8, 9, 10, and 11, while table 12 contains the ψ4
LXL+h.c. operators.

The baryon and lepton number conserving operators of class ψ4D2 and subclass ψ2
Lψ

2
RD

2

are given in tables 13 and 14, whereas table 15 lists the ψ4
LD

2 + h.c. operators. The ψ4X

and ψ4D2 operators that violate lepton number, but preserve baryon number are tabulated
in tables 16 and 17, respectively. On the other hand, the ψ4D2 and ψ4X operators that
violate baryon and lepton number, but preserve ∆B −∆L are listed in tables 18 and 19,
respectively. Finally, table 20 contains all the ∆B = −∆L = 1 operators.

3 Conclusions

In this work we constructed a complete basis of dimension-8 operators in the LEFT. We
found there are 35058 operators, see eq. (2.1) or table 1. In addition to the operator

– 4 –



J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

counting, the construction of the LEFT operator basis was aided by the existence of the
dimension-8 bases of SMEFT operators as all of the LEFT dimension-8 operator classes
are also found in the SMEFT.

The existence of an operator basis is a prerequisite for matching to the SMEFT at the
dimension-8 level. For a given class of LEFT operators involving four fermions there are
fewer SMEFT operators of the same class leading to correlations between LEFT Wilson
coefficients when matched to the SMEFT. Measuring observables sensitive to these coeffi-
cients is one way to test whether the SMEFT is the correct EFT extension of the SM and
the correct UV-completion of the LEFT. Additionally, the LEFT has its own set of posi-
tivity bounds on dimension-8 operators from unitarity, analyticity, and crossing symmetry.
We encourage the study of these bounds as they are potentially complementary to those
of the SMEFT.

Note added. As this work was being finalized ref. [38] appeared on the arXiv. It con-
structs bases of LEFT operators through mass dimension 9 by expanding on the technology
developed in refs. [14, 15].

Ref. [38] makes a minor arithmetic error in counting the number of dimension-8 LEFT
operators. The number of d=8 LEFT operators found in this work is 35058 in contrast
to the 35060 reported in [38]. The origin of the discrepancy of comes the counting of the
F 2
LF

2
R operators in [38]. Based on the equations (3.154)-(3.158) in ref. [38] there are nine

rather than 11 operators in that class. This brings the total count of ref. [38] down to
35058 and into agreement with what is found in this work. We thank Jiang-Hao Yu for
confirming that the operator counting in this work is correct.

Note for the editor: Jiang-Hao Yu, on behalf of the authors of [38], said they would post
an update to their work. I am happy to remove this comment when the update is posted.
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A Dimension-8 operator counting

Class Number of Operators SM
X4 23 23

ψ2X2D 2n2
ν+4n2

e+20n2
u+20n2

d 314
ψ4X 27n4

d+18n3
dne+2ndnu(ne+27nenu+nν+36nenν) 24108

+n2
d(−3+2ne+36n2

e+108n2
u−2nν+54nunν+18n2

ν)
+1

4(−4n3
e+18n4

e+108n4
u+4n2

u(−3−2nν+18n2
ν)

+2n2
e(−3+72n2

u−2nν+18n2
ν)+nν(2−3nν−2n2

ν+3n3
ν))

ψ4D2 9n4
d+6n3

dne+n3
e+9

2n
4
e+n2

e(5
2+18n2

u+nν+9n2
ν) 10613

+n2
d(5−2ne+18n2

e+36n2
u+nν+18nunν+9n2

ν)
+2ndnu(−nν+ne(−1+9nu+18nν))

+1
4(36n4

u+4n2
u(5+nν+9n2

ν)+nν(2+5nν+2n2
ν+3n3

ν))
∆B=∆L=0 23+36n4

d+9n4
e+22n2

u+36n4
u+54ndnenunν+2n2

ν+12n2
un

2
ν+n4

ν 21144
+2n2

d(11+27n2
e+72n2

u+6n2
ν)+n2

e(5+54n2
u+8n2

ν)
∆L=2 nν(54ndnenu+10n2

enν+n2
d(−1+15nν)+n2

u(−1+15nν)) 5442
∆B=∆L=1 36ndnu(2nenu+ndnν) 4536

∆B=−∆L=1 12n2
d(2ndne+3nunν) 3888

∆L=4 1
2nν(2+nν+n3

ν) 48
Total 23+36n4

d+24n3
dne+9n4

e+22n2
u+36n4

u+nν−n2
unν 35058

+5
2n

2
ν+27n2

un
2
ν+3

2n
4
ν+36ndnenu(2nu+3nν)

+n2
e(5+54n2

u+18n2
ν)+n2

d(22+54n2
e+144n2

u−nν+72nunν+27n2
ν)

Table 1. The number of dimension-8 LEFT operators broken down by operator class and by
baryon and lepton number. The X4 Lagrangian terms each contain one operator whereas the
ψ2X2D Lagrangian terms each contain n2

f operators where in the SM nν = ne = nd = 3 and
nu = 2. Tables 2, 3, and 4 and provide more detail on the counting of operators with four fermions.
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ψ4X

Term(s) Number of Operators SM

O(1,...2,LL)
ν4F

1
4n

2
ν(n2

ν−1) 18

O(all)
ν2e2F n2

νn
2
e 81

O(all)
ν2u2X n2

νn
2
u 36

O(all)
ν2d2X n2

νn
2
d 81

O(all)
νeudX nνnenund 81

O(1,...2,LL)
e4F

1
4n

2
e(n2

e−1) 18

O(1,...2,RR)
e4F

1
4n

2
e(n2

e−1) 18

O(1,ST )
e4F

1
2n

2
e(n2

e−1)+ 1
4n

2
e(ne−1)2 45

O(allothers)
e4F n4

e 81

O(all)
e2u2X n2

en
2
u 36

O(all)
e2d2X n2

en
2
d 81

O(1,...2,LL)
u4F

1
2n

2
u(n2

u−1) 6

O(1,...2,RR)
u4F

1
2n

2
u(n2

u−1) 6

O(1,ST )
u4F

1
2n

2
u(n2

u−1)+ 1
4n

2
u(nu+1)2 15

O(2,ST )
u4F

1
2n

2
u(n2

u−1)+ 1
4n

2
u(nu−1)2 7

O(allothers)
u4X n4

u 16

O(1,...2,LL)
d4F

1
2n

2
d(n2

d−1) 36

O(1,...2,RR)
d4F

1
2n

2
d(n2

d−1) 36

O(1,ST )
d4F

1
2n

2
d(n2

d−1)+ 1
4n

2
d(nd+1)2 72

O(2,ST )
d4F

1
2n

2
d(n2

d−1)+ 1
4n

2
d(nd−1)2 45

O(allothers)
d4X n4

d 81

ψ4D2

Term(s) Number of Operators SM

O(1,LL)
ν4D2

1
4n

2
ν(nν+1)2+ 1

4n
2
ν(nν−1)2 45

O(all)
ν2e2D2 n2

νn
2
e 81

O(all)
ν2u2D2 n2

νn
2
u 36

O(all)
ν2d2D2 n2

νn
2
d 81

O(all)
νeudD2 nνnenund 81

O(1,LL,RR)
e4D2

1
4n

2
e(ne+1)2+ 1

4n
2
e(ne−1)2 45

O(1,SS)
e4D2

1
4n

2
e(ne+1)2+ 1

4n
2
e(ne−1)2 45

O(1,TT )
e4D2

1
4n

2
e(ne+1)2 36

O(allothers)
e4D2 n4

e 81

O(all)
e2u2D2 n2

en
2
u 36

O(all)
e2d2D2 n2

en
2
d 81

O(1,...2,LL)
u4D2

1
4n

2
u(nu+1)2+ 1

4n
2
u(nu−1)2 10

O(1,...2,RR)
u4D2

1
4n

2
u(nu+1)2+ 1

4n
2
u(nu−1)2 10

O(1,...3,SS)
u4D2

1
4n

2
u(nu+1)2+ 1

4n
2
u(nu−1)2 10

O(allothers)
u4D2 n4

u 16

O(1,...2,LL)
d4D2

1
4n

2
d(nd+1)2+ 1

4n
2
d(nd−1)2 45

O(1,...2,RR)
d4D2

1
4n

2
d(nd+1)2+ 1

4n
2
d(nd−1)2 45

O(1,...3,SS)
d4D2

1
4n

2
d(nd+1)2+ 1

4n
2
d(nd−1)2 45

O(allothers)
d4D2 n4

d 81

Table 2. Counting of operators in LEFT dimension-8 Lagrangian terms with four fermions that
preserve both baryon and lepton number. Terms with repeated fields can have non-trivial flavor
structure. In the SM nν = ne = nd = 3 and nu = 2.
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∆L=2:ψ4F

Term(s) Number of Ops. SM

O(1,ST )
ν2e2F

1
2n

2
enν(nν+1) 54

O(2,ST )
ν2e2F

1
2n

2
en

2
ν 81

O(1,...2,TS)
ν2e2F

1
2n

2
enν(nν−1) 27

O(1,ST )
ν2u2X

1
2n

2
unν(nν+1) 24

O(2,ST )
ν2u2X

1
2n

2
un

2
ν 36

O(1,...2,TS)
ν2u2X

1
2n

2
unν(nν−1) 12

O(1,ST )
ν2d2X

1
2n

2
dnν(nν+1) 54

O(2,ST )
ν2d2X

1
2n

2
dn

2
ν 81

O(1,...2,TS)
ν2d2X

1
2n

2
dnν(nν−1) 27

O(all)
νeudX nνnenund 81

∆L=2:ψ4D2

Term(s) Number of Ops. SM

O(1,3,SS)
ν2e2D2

1
2n

2
enν(nν+1) 54

O(1,ST )
ν2e2D2

1
2n

2
enν(nν+1) 54

O(2,4,SS)
ν2e2D2

1
2n

2
enν(nν−1) 27

O(1,3,SS)
ν2u2D2

1
2n

2
unν(nν+1) 24

O(1,ST )
ν2u2D2

1
2n

2
unν(nν+1) 24

O(2,4,SS)
ν2u2D2

1
2n

2
unν(nν−1) 12

O(1,3,SS)
ν2d2D2

1
2n

2
dnν(nν+1) 54

O(1,ST )
ν2d2D2

1
2n

2
dnν(nν+1) 54

O(2,4,SS)
ν2d2D2

1
2n

2
dnν(nν−1) 27

O(all)
νeudD2 nνnenund 81

∆L=4

Term Number of Operators SM

O(1)
ν4F

1
8nν(n2

ν−1)(nν−2) 3

O(1)
ν4D2

1
24nν(nν+1)(nν+2)(nν+3)+ 1

12n
2
ν(n2

ν−1) 21

Table 3. Counting of operators in LEFT dimension-8 Lagrangian terms that violate lepton number
but preserve baryon number. Terms with repeated fields can have non-trivial flavor structure. In
the SM nν = ne = nd = 3 and nu = 2.
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∆B=−∆L=1:ψ4X

Term(s) Number of Operators SM

O(2,5)
ν̄ud2F

1
2nνnund(nd+1) 36

O(4)
ν̄ud2F

1
2nνnund(nd−1) 18

O(allothers)
ν̄ud2X nνnun

2
d 54

O(1,2)
ēd3F

1
2nen

2
d(nd+1) 54

O(3,4)
ēd3F

1
2nen

2
d(nd−1) 27

O(5,6)
ēd3X

1
6nend(nd+1)(nd+2)+ 1

3nend(n
2
d−1) 54

O(7,8)
ēd3G

1
6nend(nd−1)(nd−2)+ 1

3nend(n
2
d−1) 27

O(allothers)
ēd3G nen

2
und 36

∆B=∆L=1:ψ4D2

Term(s) Number of Ops. SM

O(3,SS)
νud2D2

1
2nνnund(nd+1) 36

O(2,ST )
νud2D2

1
2nνnund(nd+1) 36

O(2,4,SS)
νud2D2

1
2nνnund(nd−1) 18

O(3,ST )
νud2D2

1
2nνnund(nd−1) 18

O(allothers)
νud2D2 nνnun

2
d 54

O(5,6,SS)
eu2dD2

1
2nendnu(nu+1) 27

O(3,4,ST )
eu2dD2

1
2nendnu(nu+1) 27

O(3,4,7,8,SS)
eu2dD2

1
2nendnu(nu−1) 9

O(5,6,ST )
eu2dD2

1
2nendnu(nu−1) 9

O(allothers)
eu2dD2 nen

2
und 36

∆B=−∆L=1:ψ4D2

Term(s) Number of Ops. SM

O(3,5)
ν̄ud2D2

1
2nνnund(nd+1) 36

O(4,6,7)
ν̄ud2D2

1
2nνnund(nd−1) 18

O(allothers)
ν̄ud2D2 nνnun

2
d 54

O(1,2)
ēd3D2

1
2nen

2
d(nd+1) 54

O(3,...6)
ēd3D2

1
2nen

2
d(nd−1) 27

∆B=∆L=1:ψ4X

Term(s) Number of Ops. SM

O(2,4,ST )
νud2F

1
2nνnund(nd+1) 36

O(2,TS)
νud2F

1
2nνnund(nd−1) 18

O(allothers)
νud2X nνnun

2
d 54

O(3,4,7,8,ST )
eu2dF

1
2nendnu(nu+1) 27

O(3,4,TS)
eu2dF

1
2nendnu(nu−1) 9

O(allothers)
eu2dX nen

2
und 36

Table 4. Counting of operators in LEFT dimension-8 Lagrangian terms that violate baryon and
lepton number. Terms with repeated fields can have non-trivial flavor structure. In the SM nν =
ne = nd = 3 and nu = 2.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

B Dimension-8 operator basis

B.1 X4

X4

O(1)
G4 (GAµνGAµν)(GBρσGBρσ)

O(2)
G4 (GAµνG̃Aµν)(GBρσG̃Bρσ)

O(3)
G4 (GAµνGBµν)(GAρσGBρσ)

O(4)
G4 (GAµνG̃Bµν)(GAρσG̃Bρσ)

O(5)
G4 (GAµνGAµν)(GBρσG̃Bρσ)

O(6)
G4 (GAµνGBµν)(GAρσG̃Bρσ)

O(7)
G4 dABEdCDE(GAµνGBµν)(GCρσGDρσ)

O(8)
G4 dABEdCDE(GAµνG̃Bµν)(GCρσG̃Dρσ)

O(9)
G4 dABEdCDE(GAµνGBµν)(GCρσG̃Dρσ)

O(1)
F 4 (FµνFµν)(FρσF ρσ)

O(2)
F 4 (Fµν F̃µν)(FρσF̃ ρσ)

O(3)
F 4 (FµνFµν)(FρσF̃ ρσ)

O(1)
G3F dABC(FµνGAµν)(GBρσGCρσ)

O(2)
G3F dABC(FµνG̃Aµν)(GBρσG̃Cρσ)

O(3)
G3F dABC(FµνG̃Aµν)(GBρσGCρσ)

O(4)
G3F dABC(FµνGAµν)(GBρσG̃Cρσ)

O(1)
G2F 2 (FµνFµν)(GAρσGAρσ)

O(2)
G2F 2 (Fµν F̃µν)(GAρσG̃Aρσ)

O(3)
G2F 2 (FµνGAµν)(FρσGAρσ)

O(4)
G2F 2 (FµνG̃Aµν)(FρσG̃Aρσ)

O(5)
G2F 2 (Fµν F̃µν)(GAρσGAρσ)

O(6)
G2F 2 (FµνFµν)(GAρσG̃Aρσ)

O(7)
G2F 2 (FµνGAµν)(FρσG̃Aρσ)

Table 5. The dimension-eight operators in the LEFT whose field content is entirely gauge field
strengths.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

B.2 ψ2X2D

(L̄L)X2D

O(1,L)
ν2G2D i(ν̄Lpγµ

←→
D λνLr)GAµρG

Aρ
λ

O(1,L)
ν2F 2D i(ν̄Lpγµ

←→
D λνLr)FµρF ρ

λ

O(1,L)
e2G2D i(ēLpγµ

←→
D λeLr)GAµρG

Aρ
λ

O(1,L)
e2F 2D i(ēLpγµ

←→
D λeLr)FµρF ρ

λ

O(1,L)
u2G2D i(ūLpγµ

←→
D λuLr)GAµρG

Aρ
λ

O(2,L)
u2G2D fABC(ūLpγµTA

←→
D λuLr)GBµρG

Cρ
λ

O(3,L)
u2G2D idABC(ūLpγµTA

←→
D λuLr)GBµρG

Cρ
λ

O(4,L)
u2G2D ifABC(ūLpγµTA

←→
D λuLr)(GBµρG̃

Cρ
λ − G̃BµρG

Cρ
λ )

O(5,L)
u2G2D fABC(ūLpγµTA

←→
D λuLr)(GBµρG̃

Cρ
λ + G̃BµρG

Cρ
λ )

O(1,L)
u2F 2D i(ūLpγµ

←→
D λuLr)FµρF ρ

λ

O(1,L)
u2GFD (ūLpγµ

←→
D λuLr)(FµρGAρλ − FλρGAρµ )

O(2,L)
u2GFD i(ūLpγµ

←→
D λuLr)(FµρGAρλ + FλρG

Aρ
µ )

O(3,L)
u2GFD (ūLpγµ

←→
D λuLr)(FµρG̃Aρλ − FλρG̃Aρµ )

O(4,L)
u2GFD i(ūLpγµ

←→
D λuLr)(FµρG̃Aρλ + FλρG̃

Aρ
µ )

O(1,L)
d2G2D i(d̄Lpγµ

←→
D λdLr)GAµρG

Aρ
λ

O(2,L)
d2G2D fABC(d̄LpγµTA

←→
D λdLr)GBµρG

Cρ
λ

O(3,L)
d2G2D idABC(d̄LpγµTA

←→
D λdLr)GBµρG

Cρ
λ

O(4,L)
d2G2D ifABC(d̄LpγµTA

←→
D λdLr)(GBµρG̃

Cρ
λ − G̃BµρG

Cρ
λ )

O(5,L)
d2G2D fABC(d̄LpγµTA

←→
D λdLr)(GBµρG̃

Cρ
λ + G̃BµρG

Cρ
λ )

O(1,L)
d2F 2D i(d̄Lpγµ

←→
D λdLr)FµρF ρ

λ

O(1,L)
d2GFD (d̄Lpγµ

←→
D λdLr)(FµρGAρλ − FλρGAρµ )

O(2,L)
d2GFD i(d̄Lpγµ

←→
D λdLr)(FµρGAρλ + FλρG

Aρ
µ )

O(3,L)
d2GFD (d̄Lpγµ

←→
D λdLr)(FµρG̃Aρλ − FλρG̃Aρµ )

O(4,L)
d2GFD i(d̄Lpγµ

←→
D λdLr)(FµρG̃Aρλ + FλρG̃

Aρ
µ )

Table 6. The baryon and lepton number conserving operators of class ψ2X2D with left-handed
chiral projectors in the fermion bilinear. The subscripts p, r are weak-eigenstate indices.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

(R̄R)X2D

O(1,R)
e2G2D i(ēRpγµ

←→
D λeRr)GAµρG

Aρ
λ

O(1,R)
e2F 2D i(ēRpγµ

←→
D λeRr)FµρF ρ

λ

O(1,R)
u2G2D i(ūRpγµ

←→
D λuRr)GAµρG

Aρ
λ

O(2,R)
u2G2D fABC(ūRpγµTA

←→
D λuRr)GBµρG

Cρ
λ

O(3,R)
u2G2D idABC(ūRpγµTA

←→
D λuRr)GBµρG

Cρ
λ

O(4,R)
u2G2D ifABC(ūRpγµTA

←→
D λuRr)(GBµρG̃

Cρ
λ − G̃BµρG

Cρ
λ )

O(5,R)
u2G2D fABC(ūRpγµTA

←→
D λuRr)(GBµρG̃

Cρ
λ + G̃BµρG

Cρ
λ )

O(1,R)
u2F 2D i(ūRpγµ

←→
D λuRr)FµρF ρ

λ

O(1,R)
u2GFD (ūRpγµ

←→
D λuRr)(FµρGAρλ − FλρGAρµ )

O(2,R)
u2GFD i(ūRpγµ

←→
D λuRr)(FµρGAρλ + FλρG

Aρ
µ )

O(3,R)
u2GFD (ūRpγµ

←→
D λuRr)(FµρG̃Aρλ − FλρG̃Aρµ )

O(4,R)
u2GFD i(ūRpγµ

←→
D λuRr)(FµρG̃Aρλ + FλρG̃

Aρ
µ )

O(1,R)
d2G2D i(d̄Rpγµ

←→
D λdRr)GAµρG

Aρ
λ

O(2,R)
d2G2D fABC(d̄RpγµTA

←→
D λdRr)GBµρG

Cρ
λ

O(3,R)
d2G2D idABC(d̄RpγµTA

←→
D λdRr)GBµρG

Cρ
λ

O(4,R)
d2G2D ifABC(d̄RpγµTA

←→
D λdRr)(GBµρG̃

Cρ
λ − G̃BµρG

Cρ
λ )

O(5,R)
d2G2D fABC(d̄RpγµTA

←→
D λdRr)(GBµρG̃

Cρ
λ + G̃BµρG

Cρ
λ )

O(1,R)
d2F 2D i(d̄Rpγµ

←→
D λdRr)FµρF ρ

λ

O(1,R)
d2GFD (d̄Rpγµ

←→
D λdRr)(FµρGAρλ − FλρGAρµ )

O(2,R)
d2GFD i(d̄Rpγµ

←→
D λdRr)(FµρGAρλ + FλρG

Aρ
µ )

O(3,R)
d2GFD (d̄Rpγµ

←→
D λdRr)(FµρG̃Aρλ − FλρG̃Aρµ )

O(4,R)
d2GFD i(d̄Rpγµ

←→
D λdRr)(FµρG̃Aρλ + FλρG̃

Aρ
µ )

Table 7. The baryon and lepton number conserving operators of class ψ2X2D with right-handed
chiral projectors in the fermion bilinear. The subscripts p, r are weak-eigenstate indices.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

B.3 ψ4X

(L̄L)(L̄L)X

O(1,LL)
ν2e2F (ν̄LpγµνLr)(ēLsγρeLt)Fµρ

O(2,LL)
ν2e2F (ν̄LpγµνLr)(ēLsγρeLt)F̃µρ

O(1,LL)
ν2u2G (ν̄LpγµνLr)(ūLsγρTAuLt)GAµρ

O(2,LL)
ν2u2G (ν̄LpγµνLr)(ūLsγρTAuLt)G̃Aµρ

O(1,LL)
ν2u2F (ν̄LpγµνLr)(ūLsγρuLt)Fµρ

O(2,LL)
ν2u2F (ν̄LpγµνLr)(ūLsγρuLt)F̃µρ

O(1,LL)
ν2d2G (ν̄LpγµνLr)(d̄LsγρTAdLt)GAµρ

O(2,LL)
ν2d2G (ν̄LpγµνLr)(d̄LsγρTAdLt)G̃Aµρ

O(1,LL)
ν2d2F (ν̄LpγµνLr)(d̄LsγρdLt)Fµρ

O(2,LL)
ν2d2F (ν̄LpγµνLr)(d̄LsγρdLt)F̃µρ

O(1,LL)
νeudG (ν̄LpγµeLr)(d̄LsγρTAuLt)GAµρ+h.c.

O(2,LL)
νeudG (ν̄LpγµeLr)(d̄LsγρTAuLt)G̃Aµρ+h.c.

O(1,LL)
νeudF (ν̄LpγµeLr)(d̄LsγρuLt)Fµρ+h.c.

O(2,LL)
νeudF (ν̄LpγµeLr)(d̄LsγρuLt)F̃µρ+h.c.

O(1,LL)
e2u2G (ēLpγµeLr)(ūLsγρTAuLt)GAµρ

O(2,LL)
e2u2G (ēLpγµeLr)(ūLsγρTAuLt)G̃Aµρ

O(1,LL)
e2u2F (ēLpγµeLr)(ūLsγρuLt)Fµρ

O(2,LL)
e2u2F (ēLpγµeLr)(ūLsγρuLt)F̃µρ

O(1,LL)
e2d2G (ēLpγµeLr)(d̄LsγρTAdLt)GAµρ

O(2,LL)
e2d2G (ēLpγµeLr)(d̄LsγρTAdLt)G̃Aµρ

O(1,LL)
e2d2F (ēLpγµeLr)(d̄LsγρdLt)Fµρ

O(2,LL)
e2d2F (ēLpγµeLr)(d̄LsγρdLt)F̃µρ

O(1,LL)
ν4F (ν̄LpγµνLr)(ν̄LsγρνLt)Fµρ

O(2,LL)
ν4F (ν̄LpγµνLr)(ν̄LsγρνLt)F̃µρ

O(1,LL)
e4F (ēLpγµeLr)(ēLsγρeLt)Fµρ

O(2,LL)
e4F (ēLpγµeLr)(ēLsγρeLt)F̃µρ

(L̄L)(L̄L)X

O(1,LL)
u4G (ūLpγµuLr)(ūLsγρTAuLt)GAµρ

O(2,LL)
u4G (ūLpγµuLr)(ūLsγρTAuLt)G̃Aµρ

O(1,LL)
d4G (d̄LpγµdLr)(d̄LsγρTAdLt)GAµρ

O(2,LL)
d4G (d̄LpγµdLr)(d̄LsγρTAdLt)G̃Aµρ

O(1,LL)
u2d2G (ūLpγµuLr)(d̄LsγρTAdLt)GAµρ

O(2,LL)
u2d2G (ūLpγµuLr)(d̄LsγρTAdLt)G̃Aµρ

O(3,LL)
u2d2G (ūLpγµTAuLr)(d̄LsγρdLt)GAµρ

O(4,LL)
u2d2G (ūLpγµTAuLr)(d̄LsγρdLt)G̃Aµρ

O(5,LL)
u2d2G fABC(ūLpγµTAuLr)(d̄LsγρTBdLt)GCµρ

O(6,LL)
u2d2G fABC(ūLpγµTAuLr)(d̄LsγρTBdLt)G̃Cµρ

O(7,LL)
u2d2G dABC(ūLpγµTAuLr)(d̄LsγρTBdLt)GCµρ

O(8,LL)
u2d2G dABC(ūLpγµTAuLr)(d̄LsγρTBdLt)G̃Cµρ

O(1,LL)
u2d2F (ūLpγµuLr)(d̄LsγρdLt)Fµρ

O(2,LL)
u2d2F (ūLpγµuLr)(d̄LsγρdLt)F̃µρ

O(3,LL)
u2d2F (ūLpγµTAuLr)(d̄LsγρTAdLt)Fµρ

O(4,LL)
u2d2F (ūLpγµTAuLr)(d̄LsγρTAdLt)F̃µρ

O(1,LL)
u4F (ūLpγµuLr)(ūLsγρuLt)Fµρ

O(2,LL)
u4F (ūLpγµuLr)(ūLsγρuLt)F̃µρ

O(1,LL)
d4F (d̄LpγµdLr)(d̄LsγρdLt)Fµρ

O(2,LL)
d4F (d̄LpγµdLr)(d̄LsγρdLt)F̃µρ

Table 8. The baryon and lepton number conserving operators of class ψ4X where both fermion
bilinears involve left-handed chiral projectors. Operators with h.c. have distinct Hermitian conju-
gates. The subscripts p, r, s, t are weak-eigenstate indices. Operators below the dashed lines vanish
when there is only one generation of fermions.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

(R̄R)(R̄R)X

O(1,RR)
u4G (ūRpγµuRr)(ūRsγρTAuRt)GAµρ

O(2,RR)
u4G (ūRpγµuRr)(ūRsγρTAuRt)G̃Aµρ

O(1,RR)
d4G (d̄RpγµdRr)(d̄RsγρTAdRt)GAµρ

O(2,RR)
d4G (d̄RpγµdRr)(d̄RsγρTAdRt)G̃Aµρ

O(1,RR)
e2u2G (ēRpγµeRr)(ūRsγρTAuRt)GAµρ

O(2,RR)
e2u2G (ēRpγµeRr)(ūRsγρTAuRt)G̃Aµρ

O(1,RR)
e2u2F (ēRpγµeRr)(ūRsγρuRt)Fµρ

O(2,RR)
e2u2F (ēRpγµeRr)(ūRsγρuRt)F̃µρ

O(1,RR)
e2d2G (ēRpγµeRr)(d̄RsγρTAdRt)GAµρ

O(2,RR)
e2d2G (ēRpγµeRr)(d̄RsγρTAdRt)G̃Aµρ

O(1,RR)
e2d2F (ēRpγµeRr)(d̄RsγρdRt)Fµρ

O(2,RR)
e2d2F (ēRpγµeRr)(d̄RsγρdRt)F̃µρ

O(1,RR)
e4F (ēRpγµeRr)(ēRsγρeRt)Fµρ

O(2,RR)
e4F (ēRpγµeRr)(ēRsγρeRt)F̃µρ

(R̄R)(R̄R)X

O(1,RR)
u2d2G (ūRpγµuRr)(d̄RsγρTAdRt)GAµρ

O(2,RR)
u2d2G (ūRpγµuRr)(d̄RsγρTAdRt)G̃Aµρ

O(3,RR)
u2d2G (ūRpγµTAuRr)(d̄RsγρdRt)GAµρ

O(4,RR)
u2d2G (ūRpγµTAuRr)(d̄RsγρdRt)G̃Aµρ

O(5,RR)
u2d2G fABC(ūRpγµTAuRr)(d̄RsγρTBdRt)GCµρ

O(6,RR)
u2d2G fABC(ūRpγµTAuRr)(d̄RsγρTBdRt)G̃Cµρ

O(7,RR)
u2d2G dABC(ūRpγµTAuRr)(d̄RsγρTBdRt)GCµρ

O(8,RR)
u2d2G dABC(ūRpγµTAuRr)(d̄RsγρTBdRt)G̃Cµρ

O(1,RR)
u2d2F (ūRpγµuRr)(d̄RsγρdRt)Fµρ

O(2,RR)
u2d2F (ūRpγµuRr)(d̄RsγρdRt)F̃µρ

O(3,RR)
u2d2F (ūRpγµTAuRr)(d̄RsγρTAdRt)Fµρ

O(4,RR)
u2d2F (ūRpγµTAuRr)(d̄RsγρTAdRt)F̃µρ

O(1,RR)
u4F (ūRpγµuRr)(ūRsγρuRt)Fµρ

O(2,RR)
u4F (ūRpγµuRr)(ūRsγρuRt)F̃µρ

O(1,RR)
d4F (d̄RpγµdRr)(d̄RsγρdRt)Fµρ

O(2,RR)
d4F (d̄RpγµdRr)(d̄RsγρdRt)F̃µρ

(L̄R)(R̄L)X + h.c.

O(1,ST )
νeudG (ν̄LpeRr)(d̄RsσµρTAuLt)GAµρ

O(1,TS)
νeudG (ν̄LpσµρeRr)(d̄RsTAuLt)GAµρ

O(1,ST )
νeudF (ν̄LpeRr)(d̄RsσµρuLt)Fµρ

O(1,TS)
νeudF (ν̄LpσµρeRr)(d̄RsuLt)Fµρ

O(1,ST )
e2u2G (ēLpeRr)(ūRsσµρTAuLt)GAµρ

O(1,TS)
e2u2G (ēLpσµρeRr)(ūRsTAuLt)GAµρ

(L̄R)(R̄L)X + h.c.

O(1,ST )
e2u2F (ēLpeRr)(ūRsσµρuLt)Fµρ

O(1,TS)
e2u2F (ēLpσµρeRr)(ūRsuLt)Fµρ

O(1,ST )
e2d2G (ēLpeRr)(d̄RsσµρTAdLt)GAµρ

O(1,TS)
e2d2G (ēLpσµρeRr)(d̄RsTAdLt)GAµρ

O(1,ST )
e2d2F (ēLpeRr)(d̄RsσµρdLt)Fµρ

O(1,TS)
e2d2F (ēLpσµρeRr)(d̄RsdLt)Fµρ

Table 9. The baryon and lepton number conserving operators of class ψ4X and subclass ψ2
Lψ

2
RX

involving a scalar and a tensor fermion bilinear or where both fermion bilinears involve right-handed
chiral projectors. Operators with +h.c. have distinct Hermitian conjugates. Operators below the
dashed lines vanish when there is only one generation of fermions. The subscripts p, r, s, t are weak-
eigenstate indices.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

(L̄L)(R̄R)G

O(1,LR)
ν2u2G (ν̄LpγµνLr)(ūRsγρTAuRt)GAµρ

O(2,LR)
ν2u2G (ν̄LpγµνLr)(ūRsγρTAuRt)G̃Aµρ

O(1,LR)
ν2d2G (ν̄LpγµνLr)(d̄RsγρTAdRt)GAµρ

O(2,LR)
ν2d2G (ν̄LpγµνLr)(d̄RsγρTAdRt)G̃Aµρ

O(1,LR)
νeudG (ν̄LpγµeLr)(d̄RsγρTAuRt)GAµρ+h.c.

O(2,LR)
νeudG (ν̄LpγµeLr)(d̄RsγρTAuRt)G̃Aµρ+h.c.

O(1,LR)
e2u2G (ēLpγµeLr)(ūRsγρTAuRt)GAµρ

O(2,LR)
e2u2G (ēLpγµeLr)(ūRsγρTAuRt)G̃Aµρ

O(1,LR)
u2e2G (ūLpγµTAuLr)(ēRsγρeRt)GAµρ

O(2,LR)
u2e2G (ūLpγµTAuLr)(ēRsγρeRt)G̃Aµρ

O(1,LR)
e2d2G (ēLpγµeLr)(d̄RsγρTAdRt)GAµρ

O(2,LR)
e2d2G (ēLpγµeLr)(d̄RsγρTAdRt)G̃Aµρ

O(1,LR)
d2e2G (d̄LpγµTAdLr)(ēRsγρdRt)GAµρ

O(2,LR)
d2e2G (d̄LpγµTAdLr)(ēRsγρdRt)G̃Aµρ

O(1,LR)
u4G (ūLpγµuLr)(ūRsγρTAuRt)GAµρ

O(2,LR)
u4G (ūLpγµuLr)(ūRsγρTAuRt)G̃Aµρ

O(3,LR)
u4G (ūLpγµTAuLr)(ūRsγρuRt)GAµρ

O(4,LR)
u4G (ūLpγµTAuLr)(ūRsγρuRt)G̃Aµρ

O(5,LR)
u4G fABC(ūLpγµTAuLr)(ūRsγρTBuRt)GCµρ

O(6,LR)
u4G fABC(ūLpγµTAuLr)(ūRsγρTBuRt)G̃Cµρ

O(7,LR)
u4G dABC(ūLpγµTAuLr)(ūRsγρTBuRt)GCµρ

O(8,LR)
u4G dABC(ūLpγµTAuLr)(ūRsγρTBuRt)G̃Cµρ

O(1,LR)
d4G (d̄LpγµdLr)(d̄RsγρTAdRt)GAµρ

O(2,LR)
d4G (d̄LpγµdLr)(d̄RsγρTAdRt)G̃Aµρ

O(3,LR)
d4G (d̄LpγµTAdLr)(d̄RsγρdRt)GAµρ

O(4,LR)
d4G (d̄LpγµTAdLr)(d̄RsγρdRt)G̃Aµρ

O(5,LR)
d4G fABC(d̄LpγµTAdLr)(d̄RsγρTBdRt)GCµρ

O(6,LR)
d4G fABC(d̄LpγµTAdLr)(d̄RsγρTBdRt)G̃Cµρ

O(7,LR)
d4G dABC(d̄LpγµTAdLr)(d̄RsγρTBdRt)GCµρ

O(8,LR)
d4G dABC(d̄LpγµTAdLr)(d̄RsγρTBdRt)G̃Cµρ

(L̄L)(R̄R)G

O(1,LR)
u2d2G (ūLpγµuLr)(d̄RsγρTAdRt)GAµρ

O(2,LR)
u2d2G (ūLpγµuLr)(d̄RsγρTAdRt)G̃Aµρ

O(3,LR)
u2d2G (ūLpγµTAuLr)(d̄RsγρdRt)GAµρ

O(4,LR)
u2d2G (ūLpγµTAuLr)(d̄RsγρdRt)G̃Aµρ

O(5,LR)
u2d2G fABC(ūLpγµTAuLr)(d̄RsγρTBdRt)GCµρ

O(6,LR)
u2d2G fABC(ūLpγµTAuLr)(d̄RsγρTBdRt)G̃Cµρ

O(7,LR)
u2d2G dABC(ūLpγµTAuLr)(d̄RsγρTBdRt)GCµρ

O(8,LR)
u2d2G dABC(ūLpγµTAuLr)(d̄RsγρTBdRt)G̃Cµρ

O(1,LR)
d2u2G (d̄LpγµTAdLr)(ūRsγρuRt)GAµρ

O(2,LR)
d2u2G (d̄LpγµTAdLr)(ūRsγρuRt)G̃Aµρ

O(3,LR)
d2u2G (d̄LpγµdLr)(ūRsγρTAuRt)GAµρ

O(4,LR)
d2u2G (d̄LpγµdLr)(ūRsγρTAuRt)G̃Aµρ

O(5,LR)
d2u2G fABC(d̄LpγµTAdLr)(ūRsγρTBuRt)GCµρ

O(6,LR)
d2u2G fABC(d̄LpγµTAdLr)(ūRsγρTBuRt)G̃Cµρ

O(7,LR)
d2u2G dABC(d̄LpγµTAdLr)(ūRsγρTBuRt)GCµρ

O(8,LR)
d2u2G dABC(d̄LpγµTAdLr)(ūRsγρTBuRt)G̃Cµρ

O(1,LR)
(ud)2G (d̄LpγµuLr)(ūRsγρTAdRt)GAµρ+h.c.

O(2,LR)
(ud)2G (d̄LpγµuLr)(ūRsγρTAdRt)G̃Aµρ+h.c.

O(3,LR)
(ud)2G (d̄LpγµTAuLr)(ūRsγρdRt)GAµρ+h.c.

O(4,LR)
(ud)2G (d̄LpγµTAuLr)(ūRsγρdRt)G̃Aµρ+h.c.

O(5,LR)
(ud)2G f

ABC(d̄LpγµTAuLr)(ūRsγρTBdRt)GCµρ+h.c.

O(6,LR)
(ud)2G f

ABC(d̄LpγµTAuLr)(ūRsγρTBdRt)G̃Cµρ+h.c.

O(7,LR)
(ud)2G d

ABC(d̄LpγµTAuLr)(ūRsγρTBdRt)GCµρ+h.c.

O(8,LR)
(ud)2G d

ABC(d̄LpγµTAuLr)(ūRsγρTBdRt)G̃Cµρ+h.c.

Table 10. The baryon and lepton number conserving operators of class ψ4X involving a gluon field
strength where one fermion bilinear has left-handed chiral projectors and the other has right-handed
chiral projectors. Operators with h.c. have distinct Hermitian conjugates. The subscripts p, r, s, t
are weak-eigenstate indices
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

(L̄L)(R̄R)F

O(1,LR)
νeudF (ν̄LpγµeLr)(d̄RsγρuRt)Fµρ+h.c.

O(2,LR)
νeudF (ν̄LpγµeLr)(d̄RsγρuRt)F̃µρ+h.c.

O(1,LR)
e4F (ēLpγµeLr)(ēRsγρeRt)Fµρ

O(2,LR)
e4F (ēLpγµeLr)(ēRsγρeRt)F̃µρ

O(1,LR)
ν2e2F (ν̄LpγµνLr)(ēRsγρeRt)Fµρ

O(2,LR)
ν2e2F (ν̄LpγµνLr)(ēRsγρeRt)F̃µρ

O(1,LR)
ν2u2F (ν̄LpγµνLr)(ūRsγρurt)Fµρ

O(2,LR)
ν2u2F (ν̄LpγµνLr)(ūRsγρuRt)F̃µρ

O(1,LR)
ν2d2F (ν̄LpγµνLr)(d̄RsγρdRt)Fµρ

O(2,LR)
ν2d2F (ν̄LpγµνLr)(d̄RsγρdRt)F̃µρ

O(1,LR)
e2u2F (ēLpγµeLr)(ūRsγρuRt)Fµρ

O(2,LR)
e2u2F (ēLpγµeLr)(ūRsγρuRt)F̃µρ

O(1,LR)
u2e2F (ūLpγµuLr)(ēRsγρeRt)Fµρ

O(2,LR)
u2e2F (ūLpγµuLr)(ēRsγρeRt)F̃µρ

O(1,LR)
e2d2F (ēLpγµeLr)(d̄RsγρdRt)Fµρ

O(2,LR)
e2d2F (ēLpγµeLr)(d̄RsγρdRt)F̃µρ

O(3,LR)
d2e2F (d̄LpγµdLr)(ēRsγρeRt)Fµρ

O(4,LR)
d2e2F (d̄LpγµdLr)(ēRsγρeRt)F̃µρ

(L̄L)(R̄R)F

O(1,LR)
u4F (ūLpγµuLr)(ūRsγρuRt)Fµρ

O(2,LR)
u4F (ūLpγµuLr)(ūRsγρuRt)F̃µρ

O(3,LR)
u4F (ūLpγµTAuLr)(ūRsγρTAuRt)Fµρ

O(4,LR)
u4F (ūLpγµTAuLr)(ūRsγρTAuRt)F̃µρ

O(1,LR)
d4F (d̄LpγµdLr)(d̄RsγρdRt)Fµρ

O(2,LR)
d4F (d̄LpγµdLr)(d̄RsγρdRt)F̃µρ

O(3,LR)
d4F (d̄LpγµTAdLr)(d̄RsγρTAdRt)Fµρ

O(4,LR)
d4F (d̄LpγµTAdLr)(d̄RsγρTAdRt)F̃µρ

O(1,LR)
u2d2F (ūLpγµuLr)(d̄RsγρdRt)Fµρ

O(2,LR)
u2d2F (ūLpγµuLr)(d̄RsγρdRt)F̃µρ

O(3,LR)
u2d2F (ūLpγµTAuLr)(d̄RsγρTAdRt)Fµρ

O(4,LR)
u2d2F (ūLpγµTAuLr)(d̄RsγρTAdRt)F̃µρ

O(1,LR)
d2u2F (d̄LpγµdLr)(ūRsγρuRt)Fµρ

O(2,LR)
d2u2F (d̄LpγµdLr)(ūRsγρuRt)F̃µρ

O(3,LR)
d2u2F (d̄LpγµTAdLr)(ūRsγρTAuRt)Fµρ

O(4,LR)
d2u2F (d̄LpγµTAdLr)(ūRsγρTAuRt)F̃µρ

O(1,LR)
(ud)2F (d̄LpγµuLr)(ūRsγρdRt)Fµρ+h.c.

O(2,LR)
(ud)2F (d̄LpγµuLr)(ūRsγρdRt)F̃µρ+h.c.

O(3,LR)
(ud)2F (d̄LpγµTAuLr)(ūRsγρTAdRt)Fµρ+h.c.

O(4,LR)
(ud)2F (d̄LpγµTAuLr)(ūRsγρTAdRt)F̃µρ+h.c.

Table 11. The baryon and lepton number conserving operators of class ψ4X involving a photon
field strength where one fermion bilinear has left-handed chiral projectors and the other has right-
handed chiral projectors. Operators with h.c. have distinct Hermitian conjugates. The subscripts
p, r, s, t are weak-eigenstate indices.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

(L̄R)(L̄R)X+h.c.

O(2,ST )
νeudG (ν̄LpeRr)(d̄LsσµρTAuRt)GAµρ

O(2,TS)
νeudG (ν̄LpσµρeRr)(d̄LsTAuRt)GAµρ

O(1,TT )
νeudG (ν̄LpσµλeRr)(d̄LsσλρTAuRt)GAρµ

O(2,ST )
νeudF (ν̄LpeRr)(d̄LsσµρuRt)Fµρ

O(2,TS)
νeudF (ν̄LpσµρeRr)(d̄LsuRt)Fµρ

O(1,TT )
νeudF (ν̄LpσµλeRr)(d̄LsσλρuRt)F ρ

µ

O(2,ST )
e2u2G (ēLpeRr)(ūLsσµρTAuRt)GAµρ

O(2,TS)
e2u2G (ēLpσµρeRr)(ūLsTAuRt)GAµρ

O(1,TT )
e2u2G (ēLpσµλeRr)(ūLsσλρTAuRt)GAρµ

O(2,ST )
e2u2F (ēLpeRr)(ūLsσµρuRt)Fµρ

O(2,TS)
e2u2F (ēLpσµρeRr)(ūLsuRt)Fµρ

O(1,TT )
e2u2F (ēLpσµλeRr)(ūLsσλρuRt)F ρ

µ

O(2,ST )
e2d2G (ēLpeRr)(d̄LsσµρTAdRt)GAµρ

O(2,TS)
e2d2G (ēLpσµρeRr)(d̄LsTAdRt)GAµρ

O(1,TT )
e2d2G (ēLpσµλeRr)(d̄LsσλρTAdRt)GAρµ

O(2,ST )
e2d2F (ēLpeRr)(d̄LsσµρdRt)Fµρ

O(2,TS)
e2d2F (ēLpσµρeRr)(d̄LsdRt)Fµρ

O(1,TT )
e2d2F (ēLpσµλeRr)(d̄LsσλρdRt)F ρ

µ

O(1,ST )
e4F (ēLpeRr)(ēLsσµρeRt)Fµρ

(L̄R)(L̄R)X+h.c.

O(1,ST )
u4G (ūLpuRr)(ūLsσµρTAuRt)GAµρ

O(1,TS)
u4G (ūLpσµρuRr)(ūLsTAuRt)GAµρ

O(1,TT )
u4G (ūLpσµλuRr)(ūLsσλρTAuRt)GAρµ

O(1,ST )
u4F (ūLpTAuRr)(ūLsσµρTAuRt)Fµρ

O(1,ST )
d4G (d̄LpdRr)(d̄LsσµρTAdRt)GAµρ

O(1,TS)
d4G (d̄LpσµρdRr)(d̄LsTAdRt)GAµρ

O(1,TT )
d4G (d̄LpσµλdRr)(d̄LsσλρTAdRt)GAρµ

O(1,ST )
d4F (d̄LpTAdRr)(d̄LsσµρTAdRt)Fµρ

O(1,ST )
u2d2G (ūLpdRr)(d̄LsσµρTAuRt)GAµρ

O(2,ST )
u2d2G (ūLpTAdRr)(d̄LsσµρuRt)GAµρ

O(3,ST )
u2d2G fABC(ūLpTAdRr)(d̄LsσµρTBuRt)GCµρ

O(4,ST )
u2d2G dABC(ūLpTAdRr)(d̄LsσµρTBuRt)GCµρ

O(1,TS)
u2d2G (ūLpσµρdRr)(d̄LsσλρTAuRt)GAµρ

O(2,TS)
u2d2G (ūLpσµρTAdRr)(d̄LsσλρuRt)GAµρ

O(3,TS)
u2d2G fABC(ūLpσµρTAdRr)(d̄LsσλρTBuRt)GCµρ

O(4,TS)
u2d2G dABC(ūLpσµρTAdRr)(d̄LsσλρTBuRt)GCµρ

O(1,TT )
u2d2G (ūLpσµλdRr)(d̄LsσλρTAuRt)GAρµ

O(2,TT )
u2d2G (ūLpσµλTAdRr)(d̄LsσλρuRt)GAρµ

O(3,TT )
u2d2G fABC(ūLpσµλTAdRr)(d̄LsσλρTBuRt)GCρµ

O(4,TT )
u2d2G dABC(ūLpσµλTAdRr)(d̄LsσλρTBuRt)GCρµ

O(1,ST )
u2d2F (ūLpdRr)(d̄LsσµρuRt)Fµρ

O(2,ST )
u2d2F (ūLpTAdRr)(d̄LsσµρTAuRt)Fµρ

O(1,TS)
u2d2F (ūLpσµρdRr)(d̄LsσλρuRt)Fµρ

O(2,TS)
u2d2F (ūLpσµρTAdRr)(d̄LsσλρTAuRt)Fµρ

O(1,TT )
u2d2F (ūLpσµλdRr)(d̄LsσλρuRt)F ρ

µ

O(2,TT )
u2d2F (ūLpσµλTAdRr)(d̄LsσλρTAuRt)F ρ

µ

O(2,ST )
u4F (ūLpuRr)(ūLsσµρuRt)Fµρ

O(2,ST )
d4F (d̄LpdRr)(d̄LsσµρdRt)Fµρ

Table 12. The baryon and lepton number conserving operators of class ψ4X and subclass ψ4
RXR.

All of the operators in this table have distinct Hermitian conjugates. The subscripts p, r, s, t are
weak-eigenstate indices. Operators below the dashed lines vanish when there is only one generation
of fermions.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

B.4 ψ4D2

(L̄L)(L̄L)D2

O(1,LL)
ν4D2 Dρ(ν̄LpγµνLr)Dρ(ν̄LsγµνLt)

O(1,LL)
e4D2 Dρ(ēLpγµeLr)Dρ(ēLsγµeLt)

O(1,LL)
u4D2 Dρ(ūLpγµuLr)Dρ(ūLsγµuLt)

O(2,LL)
u4D2 (ūLpγµ

←→
D ρuLr)(ūLsγµ

←→
D ρuLt)

O(1,LL)
d4D2 Dρ(d̄LpγµdLr)Dρ(d̄LsγµdLt)

O(2,LL)
d4D2 (d̄Lpγµ

←→
D ρdLr)(d̄Lsγµ

←→
D ρdLt)

O(1,LL)
ν2e2D2 Dρ(ν̄LpγµνLr)Dρ(ēLsγµeLt)

O(2,LL)
ν2e2D2 (ν̄Lpγµ

←→
D ρνLr)(ēLsγµ

←→
D ρeLt)

O(1,LL)
ν2u2D2 Dρ(ν̄LpγµνLr)Dρ(ūLsγµuLt)

O(2,LL)
ν2u2D2 (ν̄Lpγµ

←→
D ρνLr)(ūLsγµ

←→
D ρuLt)

O(1,LL)
ν2d2D2 Dρ(ν̄LpγµνLr)Dρ(d̄LsγµdLt)

O(2,LL)
ν2d2D2 (ν̄Lpγµ

←→
D ρνLr)(d̄Lsγµ

←→
D ρdLt)

O(1,LL)
e2u2D2 Dρ(ēLpγµeLr)Dρ(ūLsγµuLt)

O(2,LL)
e2u2D2 (ēLpγµ

←→
D ρeLr)(ūLsγµ

←→
D ρuLt)

O(1,LL)
e2d2D2 Dρ(ēLpγµeLr)Dρ(d̄LsγµdLt)

O(2,LL)
e2d2D2 (ēLpγµ

←→
D ρeLr)(d̄Lsγµ

←→
D ρdLt)

O(1,LL)
u2d2D2 Dρ(ūLpγµuLr)Dρ(d̄LsγµdLt)

O(2,LL)
u2d2D2 (ūLpγµ

←→
D ρuLr)(d̄Lsγµ

←→
D ρdLt)

O(3,LL)
u2d2D2 Dρ(ūLpγµTAuLr)Dρ(d̄LsγµTAdLt)

O(4,LL)
u2d2D2 (ūLpγµTA

←→
D ρuLr)(d̄LsγµTA

←→
D ρdLt)

O(1,LL)
νeudD2 Dρ(ν̄LpγµeLr)Dρ(d̄LsγρuLt)+h.c.

O(2,LL)
νeudD2 (ν̄Lpγµ

←→
D ρeLr)(d̄Lsγµ

←→
D ρuLt)+h.c.

(R̄R)(R̄R)D2

O(1,RR)
e4D2 Dρ(ēRpγµeRr)Dρ(ēRsγµeRt)

O(1,RR)
u4D2 Dρ(ūRpγµuRr)Dρ(ūRsγµuRt)

O(2,RR)
u4D2 (ūRpγµ

←→
D ρuRr)(ūRsγµ

←→
D ρuRt)

O(1,RR)
d4D2 Dρ(d̄RpγµdRr)Dρ(d̄RsγµdRt)

O(2,RR)
d4D2 (d̄Rpγµ

←→
D ρdRr)(d̄Rsγµ

←→
D ρdRt)

O(1,RR)
e2u2D2 Dρ(ēRpγµeRr)Dρ(ūRsγµuRt)

O(2,RR)
e2u2D2 (ēRpγµ

←→
D ρeRr)(ūRsγµ

←→
D ρuRt)

O(1,RR)
e2d2D2 Dρ(ēRpγµeRr)Dρ(d̄RsγµdRt)

O(2,RR)
e2d2D2 (ēRpγµ

←→
D ρeRr)(d̄Rsγµ

←→
D ρdRt)

O(1,RR)
u2d2D2 Dρ(ūRpγµuRr)Dρ(d̄RsγµdRt)

O(2,RR)
u2d2D2 (ūRpγµ

←→
D ρuRr)(d̄Rsγµ

←→
D ρdRt)

O(3,RR)
u2d2D2 Dρ(ūRpγµTAuRr)Dρ(d̄RsγµTAdRt)

O(4,RR)
u2d2D2 (ūRpγµTA

←→
D ρuRr)(d̄RsγµTA

←→
D ρdRt)

Table 13. The baryon and lepton number conserving operators of class ψ4D2 where both fermion
bilinears involve either left-handed or right-handed chiral projectors. Operators with h.c. have
distinct Hermitian conjugates. The subscripts p, r, s, t are weak-eigenstate indices.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

(L̄L)(R̄R)D2

O(1,LR)
e4D2 Dρ(ēLpγµeLr)Dρ(ēRsγµeRt)

O(2,LR)
e4D2 (ēLpγµ

←→
D ρeLr)(ēRsγµ

←→
D ρeRt)

O(1,LR)
ν2e2D2 Dρ(ν̄LpγµνLr)Dρ(ēRsγµeRt)

O(2,LR)
ν2e2D2 (ν̄Lpγµ

←→
D ρνLr)(ēRsγµ

←→
D ρeRt)

O(1,LR)
ν2u2D2 Dρ(ν̄LpγµνLr)Dρ(ūRsγµuRt)

O(2,LR)
ν2u2D2 (ν̄Lpγµ

←→
D ρνLr)(ūRsγµ

←→
D ρuRt)

O(1,LR)
ν2d2D2 Dρ(ν̄LpγµνLr)Dρ(d̄RsγµdRt)

O(2,LR)
ν2d2D2 (ν̄Lpγµ

←→
D ρνLr)(d̄Rsγµ

←→
D ρdRt)

O(1,LR)
e2u2D2 Dρ(ēLpγµeLr)Dρ(ūRsγµuRt)

O(2,LR)
e2u2D2 (ēLpγµ

←→
D ρeLr)(ūRsγµ

←→
D ρuRt)

O(1,LR)
u2e2D2 Dρ(ūLpγµuLr)Dρ(ēRsγµeRt)

O(2,LR)
u2e2D2 (ūLpγµ

←→
D ρuLr)(ēRsγµ

←→
D ρeRt)

O(1,LR)
e2d2D2 Dρ(ēLpγµeLr)Dρ(d̄RsγµdRt)

O(2,LR)
e2d2D2 (ēLpγµ

←→
D ρeLr)(d̄Rsγµ

←→
D ρdRt)

O(1,LR)
d2e2D2 Dρ(d̄LpγµdLr)Dρ(ēRsγµeRt)

O(2,LR)
d2e2D2 (d̄Lpγµ

←→
D ρdLr)(ēRsγµ

←→
D ρeRt)

O(1,LR)
νeudD2 Dρ(ν̄LpγµeLr)Dρ(d̄RsγρuRt)+h.c.

O(2,LR)
νeudD2 (ν̄Lpγµ

←→
D ρeLr)(d̄Rsγµ

←→
D ρuRt)+h.c.

(L̄L)(R̄R)D2

O(1,LR)
u4D2 Dρ(ūLpγµuLr)Dρ(ūRsγµuRt)

O(2,LR)
u4D2 (ūLpγµ

←→
D ρuLr)(ūRsγµ

←→
D ρuRt)

O(3,LR)
u4D2 Dρ(ūLpγµTAuLr)Dρ(ūRsγµTAuRt)

O(4,LR)
u4D2 (ūLpγµTA

←→
D ρuLr)(ūRsγµTA

←→
D ρuRt)

O(1,LR)
d4D2 Dρ(d̄LpγµdLr)Dρ(d̄RsγµdRt)

O(2,LR)
d4D2 (d̄Lpγµ

←→
D ρdLr)(d̄Rsγµ

←→
D ρdRt)

O(3,LR)
d4D2 Dρ(d̄LpγµTAdLr)Dρ(d̄RsγµTAdRt)

O(4,LR)
d4D2 (d̄LpγµTA

←→
D ρdLr)(d̄RsγµTA

←→
D ρdRt)

O(1,LR)
u2d2D2 Dρ(ūLpγµuLr)Dρ(d̄RsγµdRt)

O(2,LR)
u2d2D2 (ūLpγµ

←→
D ρuLr)(d̄Rsγµ

←→
D ρdRt)

O(3,LR)
u2d2D2 Dρ(ūLpγµTAuLr)Dρ(d̄RsγµTAdRt)

O(4,LR)
u2d2D2 (ūLpγµTA

←→
D ρuLr)(d̄RsγµTA

←→
D ρdRt)

O(1,LR)
d2u2D2 Dρ(d̄LpγµdLr)Dρ(ūRsγµuRt)

O(2,LR)
d2u2D2 (d̄Lpγµ

←→
D ρdLr)(ūRsγµ

←→
D ρuRt)

O(3,LR)
d2u2D2 Dρ(d̄LpγµTAdLr)Dρ(ūRsγµTAuRt)

O(4,LR)
d2u2D2 (d̄LpγµTA

←→
D ρdLr)(ūRsγµTA

←→
D ρuRt)

O(1,LR)
(ud)2D2 Dρ(d̄LpγµuLr)Dρ(ūRsγµdRt)+h.c.

O(2,LR)
(ud)2D2 (d̄Lpγµ

←→
D ρuLr)(ūRsγµ

←→
D ρdRt)+h.c.

O(3,LR)
(ud)2D2 Dρ(d̄LpγµTAuLr)Dρ(ūRsγµTAdRt)+h.c.

O(4,LR)
(ud)2D2 (d̄LpγµTA

←→
D ρuLr)(ūRsγµTA

←→
D ρdRt)+h.c.

(L̄R)(R̄L)D2 + h.c.

O(1,SS)
νeudD2 Dµ(ν̄LpeRr)Dµ(d̄RsuLt)

O(2,SS)
νeudD2 (ν̄Lp

←→
D µeRr)(d̄Rs

←→
D µuLt)

O(1,SS)
e2u2D2 Dµ(ēLpeRr)Dµ(ūRsuLt)

O(2,SS)
e2u2D2 (ēLp

←→
D µeRr)(ūRs

←→
D µuLt)

O(1,SS)
e2d2D2 Dµ(ēLpeRr)Dµ(d̄RsdLt)

O(2,SS)
e2d2D2 (ēLp

←→
D µeRr)(d̄Rs

←→
D µdLt)

Table 14. The baryon and lepton number conserving operators of class ψ4D2 with two left-handed
and two right-handed fermions. Operators with h.c. have distinct Hermitian conjugates. The
subscripts p, r, s, t are weak-eigenstate indices.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

(L̄R)(L̄R)D2 + h.c.

O(3,SS)
νeudD2 Dµ(ν̄LpeRr)Dµ(d̄LsuRt)

O(4,SS)
νeudD2 (ν̄Lp

←→
D µeRr)(d̄Ls

←→
D µuRt)

O(1,TT )
νeudD2 Dλ(ν̄LpσµρeRr)Dλ(d̄LsσµρuRt)

O(1,SS)
e4D2 Dµ(ēLpeRr)Dµ(ēLseRt)

O(1,TT )
e4D2 Dλ(ēLpσµρeRr)Dλ(ēLsσµρeRt)

O(3,SS)
e2u2D2 Dµ(ēLpeRr)Dµ(ūLsuRt)

O(4,SS)
e2u2D2 (ēLp

←→
D µeRr)(ūLs

←→
D µuRt)

O(1,TT )
e2u2D2 Dλ(ēLpσµρeRr)Dλ(ūLsσµρuRt)

O(3,SS)
e2d2D2 Dµ(ēLpeRr)Dµ(d̄LsdRt)

O(4,SS)
e2d2D2 (ēLp

←→
D µeRr)(d̄Ls

←→
D µdRt)

O(1,TT )
e2d2D2 Dλ(ēLpσµρeRr)Dλ(d̄LsσµρdRt)

(L̄R)(L̄R)D2 + h.c.

O(1,SS)
u4D2 Dµ(ūLpuRr)Dµ(ūLsuRt)

O(2,SS)
u4D2 (ūLp

←→
D µuRr)(ūLs

←→
D µuRt)

O(3,SS)
u4D2 Dµ(ūLpTAuRr)Dµ(ūLsTAuRt)

O(1,SS)
d4D2 Dµ(d̄LpdRr)Dµ(d̄LsdRt)

O(2,SS)
d4D2 (d̄Lp

←→
D µdRr)(d̄Ls

←→
D µdRt)

O(3,SS)
d4D2 Dµ(d̄LpTAdRr)Dµ(d̄LsTAdRt)

O(1,SS)
u2d2D2 Dµ(ūLpuRr)Dµ(d̄LsdRt)

O(2,SS)
u2d2D2 (ūLp

←→
D µuRr)(d̄Ls

←→
D µdRt)

O(3,SS)
u2d2D2 Dµ(ūLpTAuRr)Dµ(d̄LsTAdRt)

O(1,SS)
(ud)2D2 Dµ(d̄LpuRr)Dµ(ūLsdRt)

O(2,SS)
(ud)2D2 (d̄Lp

←→
D µuRr)(ūLs

←→
D µdRt)

O(3,SS)
(ud)2D2 Dµ(d̄LpTAuRr)Dµ(ūLsTAdRt)

Table 15. The baryon and lepton number conserving operators of class ψ4D2 and subclass ψ4
RD

2.
All of the operators in this table have distinct Hermitian conjugates. The subscripts p, r, s, t are
weak-eigenstate indices. Operators below the dashed lines vanish when there is only one generation
of fermions.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

B.5 ∆B = 0, ∆L 6= 0

∆L = 2 : ψ2
Lψ

2
RX + h.c.

O(1,ST )
ν2e2F (ν>

LpCνLr)(ēLsσµρeRt)Fµρ

O(1,ST )
ν2u2G (ν>

LpCνLr)(ūLsσµρTAuRt)GAµρ

O(1,ST )
ν2u2F (ν>

LpCνLr)(ūLsσµρuRt)Fµρ

O(1,ST )
ν2d2G (ν>

LpCνLr)(d̄LsσµρTAdRt)GAµρ

O(1,ST )
ν2d2F (ν>

LpCνLr)(d̄LsσµρdRt)Fµρ

O(1,RL)
νeudG (ν>

LpCγ
µeRr)(d̄LsγρTAuLt)GAµρ

O(2,RL)
νeudG (ν>

LpCγ
µeRr)(d̄LsγρTAuLt)G̃Aµρ

O(1,RR)
νeudG (ν>

LpCγ
µeRr)(d̄RsγρTAuRt)GAµρ

O(2,RR)
νeudG (ν>

LpCγ
µeRr)(d̄RsγρTAuRt)G̃Aµρ

O(3,ST )
νeudG (ν>

LpCeLr)(d̄LsσµρTAuRt)GAµρ

O(3,TS)
νeudG (ν>

LpCσ
µρeLr)(d̄LsTAuRt)GAµρ

O(1,RL)
νeudF (ν>

LpCγ
µeRr)(d̄LsγρuLt)Fµρ

O(2,RL)
νeudF (ν>

LpCγ
µeRr)(d̄LsγρuLt)F̃µρ

O(1,RR)
νeudF (ν>

LpCγ
µeRr)(d̄RsγρuRt)Fµρ

O(2,RR)
νeudF (ν>

LpCγ
µeRr)(d̄RsγρuRt)F̃µρ

O(3,ST )
νeudF (ν>

LpCeLr)(d̄LsσµρuRt)Fµρ

O(3,TS)
νeudF (ν>

LpCσ
µρeLr)(d̄LsuRt)Fµρ

O(1,TS)
ν2e2F (ν>

LpCσ
µρνLr)(ēLseRt)Fµρ

O(1,TS)
ν2u2G (ν>

LpCσ
µρνLr)(ūLsTAuRt)GAµρ

O(1,TS)
ν2u2F (ν>

LpCσ
µρνLr)(ūLsuRt)Fµρ

O(1,TS)
ν2d2G (ν>

LpCσ
µρνLr)(d̄LsTAdRt)GAµρ

O(1,TS)
ν2d2F (ν>

LpCσ
µρνLr)(d̄LsdRt)Fµρ

∆L = 2 : ψ4
LXL + h.c.

O(2,ST )
ν2e2F (ν>

LpCeLr)(ēRsσµρνLt)Fµρ

O(2,ST )
ν2u2G (TA)βα(ν>

LpCu
α
Lr)(ūRβsσµρνLt)GAµρ

O(2,ST )
ν2u2F (ν>

LpCuLr)(ūRsσµρνLt)Fµρ

O(2,ST )
ν2d2G (TA)βα(ν>

LpCd
α
Lr)(d̄RβsσµρνLt)GAµρ

O(2,ST )
ν2d2F (ν>

LpCdLr)(d̄RsσµρνLt)Fµρ

O(4,ST )
νeudG (ν>

LpCeLr)(d̄RsσµρTAuLt)GAµρ

O(4,TS)
νeudG (ν>

LpCσ
µρeLr)(d̄RsTAuLt)GAµρ

O(2,TT )
νeudG (ν>

LpCσ
µλeLr)(d̄RsσλρTAuLt)GAρµ

O(4,ST )
νeudF (ν>

LpCeLr)(d̄RsσµρuLt)Fµρ

O(4,TS)
νeudF (ν>

LpCσ
µρeLr)(d̄RsuLt)Fµρ

O(2,TT )
νeudF (ν>

LpCσ
µλeLr)(d̄RsσλρuLt)F ρ

µ

O(2,TS)
ν2e2F (ν>

LpCσ
µρνLr)(ēRseLt)Fµρ

O(2,TS)
ν2u2G (ν>

LpCσ
µρνLr)(ūRsTAuLt)GAµρ

O(2,TS)
ν2u2F (ν>

LpCσ
µρνLr)(ūRsuLt)Fµρ

O(2,TS)
ν2d2G (ν>

LpCσ
µρνLr)(d̄RsTAdLt)GAµρ

O(2,TS)
ν2d2F (ν>

LpCσ
µρνLr)(d̄RsdLt)Fµρ

∆L = 4 : ψ4
LXL + h.c.

O(1)
ν4F (ν>

LpCνLr)(ν>
LsCσ

µρνLt)Fµρ

Table 16. The dimension-8 LEFT operators of class ψ4X with ∆B = 0 and ∆L 6= 0. All of
the operators in this table have distinct Hermitian conjugates. The subscripts p, r, s, t are weak-
eigenstate indices. Operators below the (double) dashed lines vanish when there is only one (or
two) generation(s) of neutrinos.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

∆L = 2 ψ2
Lψ

2
RD

2 + h.c.

O(1,SS)
ν2e2D2 (Dµν>

LpCDµνLr)(ēLseRt)

O(1,SS)
ν2u2D2 (Dµν>

LpCDµνLr)(ūLsuRt)

O(1,SS)
ν2d2D2 (Dµν>

LpCDµνLr)(d̄LsdRt)

O(1,RL)
νeudD2 Dρ(ν>

LpCγ
µeRr)Dρ(d̄LsγµuLt)

O(2,RL)
νeudD2 (ν>

LpCγ
µ←→D ρeRr)(d̄Lsγµ

←→
D ρuLt)

O(1,RR)
νeudD2 Dρ(ν>

LpCγ
µeRr)Dρ(d̄RsγµuRt)

O(2,RR)
νeudD2 (ν>

LpCγ
µ←→D ρeRr)(d̄Rsγµ

←→
D ρuRt)

O(5,SS)
νeudD2 (Dµν>

LpCDµeLr)(d̄LsuRt)

O(6,SS)
νeudD2 (Dµν

>
LpCDρeLr)(d̄LsσµρuRt)

O(2,SS)
ν2e2D2 (Dµν

>
LpCDρνLr)(ēLsσµρeRt)

O(2,SS)
ν2u2D2 (Dµν

>
LpCDρνLr)(ūLsσµρuRt)

O(2,SS)
ν2d2D2 (Dµν

>
LpCDρνLr)(d̄LsσµρdRt)

∆L = 2 ψ4
LD

2 + h.c.

O(7,SS)
νeudD2 (Dµν>

LpCDµeLr)(d̄RsuLt)

O(8,SS)
νeudD2 (Dµν

>
LpCDρeLr)(d̄RsσµρuLt)

O(2,TT )
νeudD2 (ν>

LpCσ
µρDλeLr)(Dλd̄RsσµρuLt)

O(3,SS)
ν2e2D2 (Dµν>

LpCDµνLr)(ēRseLt)

O(1,ST )
ν2e2D2 (DµēRpCDρνLr)(ν>

Lsσ
µρeLt)

O(3,SS)
ν2u2D2 (Dµν>

LpCDµνLr)(ūRsuLt)

O(1,ST )
ν2u2D2 (DµūRαpCDρνLr)(ν>

Lsσ
µρuαLt)

O(3,SS)
ν2d2D2 (Dµν>

LpCDµνLr)(d̄RsdLt)

O(1,ST )
ν2d2D2 (Dµd̄RαpCDρνLr)(ν>

Lsσ
µρdαLt)

O(4,SS)
ν2e2D2 (DµēRpCDµνLr)(ν>

LseLt)

O(4,SS)
ν2u2D2 (DµūRαpCDµνLr)(ν>

Lsu
α
Lt)

O(4,SS)
ν2d2D2 (Dµd̄RαpCDµνLr)(ν>

Lsd
α
Lt)

∆L = 4 ψ4
LD

2 + h.c.

O(1)
ν4D2 (∂µν>

LpC∂µνLr)(ν>
LsCνLt)

Table 17. The dimension-8 LEFT operators of class ψ4D2 with ∆B = 0, ∆L 6= 2. All of the oper-
ators in this table have distinct Hermitian conjugates. The subscripts p, r, s, t are weak-eigenstate
indices. Operators below the dashed lines vanish when there is only one generation of neutrinos.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

B.6 ∆B 6= 0, ∆L 6= 0

∆B=∆L=1:ψ2
Lψ

2
RD

2+h.c.

O(1,SS)
νud2D2 εαβγ(Dµν>

LpCDµd
α
Lr)(d

β>
RsCu

γ
Rt)

O(1,ST )
νud2D2 εαβγ(Dµν

>
LpCDρd

α
Lr)(d

β>
RsCσ

µρuγRt)

O(2,ST )
νud2D2 εαβγ(Dµν

>
LpCDρu

α
Lr)(d

β>
RsCσ

µρdγRt)

O(1,SS)
eu2dD2 εαβγ(Dµe>

LpCDµu
α
Lr)(u

β>
RsCd

γ
Rt)

O(2,SS)
eu2dD2 εαβγ(Dµe>

RpCDµu
α
Rr)(u

β>
Ls Cd

γ
Lt)

O(1,ST )
eu2dD2 εαβγ(Dµe

>
LpCDρu

α
Lr)(u

β>
RsCσ

µρdγRt)

O(2,ST )
eu2dD2 εαβγ(Dµe

>
RpCDρu

α
Rr)(u

β>
Ls Cσ

µρdγLt)

O(3,ST )
eu2dD2 εαβγ(Dµe

>
LpCDρd

α
Lr)(u

β>
RsCσ

µρuγRt)

O(4,ST )
eu2dD2 εαβγ(Dµe

>
RpCDρd

α
Rr)(u

β>
Ls Cσ

µρuγLt)

O(2,SS)
νud2D2 εαβγ(Dµν>

LpCDµu
α
Lr)(d

β>
RsCd

γ
Rt)

O(3,SS)
eu2dD2 εαβγ(Dµe>

LpCDµd
α
Lr)(u

β>
RsCu

γ
Rt)

O(4,SS)
eu2dD2 εαβγ(Dµe>

RpCDµd
α
Rr)(u

β>
Ls Cu

γ
Lt)

∆B=∆L=1:ψ4
LD

2+h.c.

O(3,SS)
νud2D2 εαβγ(Dµν>

LpCDµd
α
Lr)(d

β>
Ls Cu

γ
Lt)

O(5,SS)
eu2dD2 εαβγ(Dµe>

LpCDµu
α
Lr)(u

β>
Ls Cd

γ
Lt)

O(6,SS)
eu2dD2 εαβγ(Dµe>

RpCDµu
α
Rr)(u

β>
RsCd

γ
Rt)

O(4,SS)
νud2D2 εαβγ(Dµν>

LpCDµu
α
Lr)(d

β>
Ls Cd

γ
Lt)

O(3,ST )
νud2D2 εαβγ(Dµν

>
LpCDρd

α
Lr)(d

β>
Ls Cσ

µρuγLt)

O(7,SS)
eu2dD2 εαβγ(Dµe>

LpCDµd
α
Lr)(u

β>
Ls Cu

γ
Lt)

O(5,ST )
eu2dD2 εαβγ(Dµe

>
LpCDρu

α
Lr)(u

β>
Ls Cσ

µρdγLt)

O(8,SS)
eu2dD2 εαβγ(Dµe>

RpCDµd
α
Rr)(u

β>
RsCu

γ
Rt)

O(6,ST )
eu2dD2 εαβγ(Dµe

>
RpCDρu

α
Rr)(u

β>
RsCσ

µρdγRt)

Table 18. The dimension-8 LEFT operators of class ψ4D2 with ∆B = ∆L = 1. All of the operators
in this table have distinct Hermitian conjugates. The subscripts p, r, s, t are weak-eigenstate indices.
Operators below the dashed lines vanish when there is only one generation of fermions.
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J
H
E
P
0
4
(
2
0
2
1
)
1
0
1

∆B=∆L=1:ψ2
Lψ

2
RXL+h.c.

O(1,ST )
νud2G (TA)δαεδβγ(ν>

LpCd
α
Lr)(dβ>

RsCσ
µρuγRt)G

A
µρ

O(2,ST )
νud2G (TA)δβεαδγ(ν>

LpCd
α
Lr)(dβ>

RsCσ
µρuγRt)G

A
µρ

O(3,ST )
νud2G (TA)δβεαδγ(ν>

LpCu
α
Lr)(dβ>

RsCσ
µρdγRt)G

A
µρ

O(1,TS)
νud2G (TA)δαεδβγ(ν>

LpCσ
µρdαLr)(dβ>

RsCu
γ
Rt)G

A
µρ

O(2,TS)
νud2G (TA)δβεαδγ(ν>

LpCσ
µρdαLr)(dβ>

RsCu
γ
Rt)G

A
µρ

O(3,TS)
νud2G (TA)δβεαδγ(ν>

LpCσ
µρuαLr)(dβ>

RsCd
γ
Rt)G

A
µρ

O(1,ST )
νud2F (ν>

LpCd
α
Lr)(dβ>

RsCσ
µρuγRt)Fµρ

O(2,ST )
νud2F (ν>

LpCu
α
Lr)(dβ>

RsCσ
µρdγRt)Fµρ

O(1,TS)
νud2F (ν>

LpCσ
µρdαLr)(dβ>

RsCu
γ
Rt)Fµρ

O(1,ST )
eu2dG (TA)δαεδβγ(e>

LpCu
α
Lr)(uβ>

RsCσ
µρdγRt)G

A
µρ

O(2,ST )
eu2dG (TA)δβεαδγ(e>

LpCu
α
Lr)(uβ>

RsCσ
µρdγRt)G

A
µρ

O(3,ST )
eu2dG (TA)δαεδβγ(e>

RpCu
α
Rr)(uβ>

Ls Cσ
µρdγLt)G

A
µρ

O(4,ST )
eu2dG (TA)δβεαδγ(e>

RpCu
α
Rr)(uβ>

Ls Cσ
µρdγLt)G

A
µρ

O(1,ST )
edu2G (TA)δβεαδγ(e>

RpCd
α
Rr)(uβ>

Ls Cσ
µρuγLt)G

A
µρ

O(2,ST )
edu2G (TA)δβεαδγ(e>

LpCd
α
Lr)(uβ>

RsCσ
µρuγRt)G

A
µρ

O(1,TS)
eu2dG (TA)δβεαδγ(e>

RpCσ
µρuαRr)(dβ>

Ls Cu
γ
Lt)G

A
µρ

O(2,TS)
eu2dG (TA)δβεαδγ(e>

LpCσ
µρuαLr)(dβ>

RsCu
γ
Rt)G

A
µρ

O(3,TS)
eu2dG (TA)δβεαδγ(e>

RpCσ
µρdαRr)(uβ>

Ls Cu
γ
Lt)G

A
µρ

O(4,TS)
eu2dG (TA)δβεαδγ(e>

LpCσ
µρdαLr)(uβ>

RsCu
γ
Rt)G

A
µρ

O(1,ST )
eu2dF (e>

LpCu
α
Lr)(dβ>

RsCσ
µρuγRt)Fµρ

O(2,ST )
eu2dF (e>

RpCu
α
Rr)(dβ>

Ls Cσ
µρuγLt)Fµρ

O(3,ST )
eu2dF (e>

RpCd
α
Rr)(uβ>

Ls Cσ
µρuγLt)Fµρ

O(4,ST )
eu2dF (e>

LpCd
α
Lr)(uβ>

RsCσ
µρuγRt)Fµρ

O(1,TS)
eu2dF (e>

RpCσ
µρuαRr)(dβ>

Ls Cu
γ
Lt)Fµρ

O(2,TS)
eu2dF (e>

LpCσ
µρuαLr)(dβ>

RsCu
γ
Rt)Fµρ

O(2,TS)
νud2F (ν>

LpCσ
µρuαLr)(dβ>

RsCd
γ
Rt)Fµρ

O(3,TS)
eu2dF (e>

RpCσ
µρdαRr)(uβ>

Ls Cu
γ
Lt)Fµρ

O(4,TS)
eu2dF (e>

LpCσ
µρdαLr)(uβ>

RsCu
γ
Rt)Fµρ

∆B=∆L=1:ψ4
LXL+h.c.

O(4,ST )
νud2G (TA)δβεαδγ(ν>

LpCu
α
Lr)(dβ>

Ls Cσ
µρuγLt)G

A
µρ

O(5,ST )
νud2G (TA)δβεαδγ(ν>

LpCu
α
Lr)(dβ>

Ls Cσ
µρdγLt)G

A
µρ

O(6,ST )
νud2G (TA)δγεαβδ(e>

LpCu
α
Lr)(dβ>

Ls Cσ
µρuγLt)G

A
µρ

O(3,ST )
νud2F (ν>

LpCu
α
Lr)(dβ>

Ls Cσ
µρuγLt)Fµρ

O(4,ST )
νud2F (ν>

LpCu
α
Lr)(dβ>

Ls Cσ
µρdγLt)Fµρ

O(5,ST )
eu2dG (TA)δβεαδγ(e>

LpCu
α
Lr)(uβ>

Ls Cσ
µρdγLt)G

A
µρ

O(6,ST )
eu2dG (TA)δβεαδγ(e>

RpCu
α
Rr)(uβ>

RsCσ
µρdγRt)G

A
µρ

O(3,ST )
edu2G (TA)δβεαδγ(e>

LpCd
α
Lr)(uβ>

Ls Cσ
µρuγLt)G

A
µρ

O(4,ST )
edu2G (TA)δγεαβδ(e>

LpCd
α
Lr)(uβ>

Ls Cσ
µρuγLt)G

A
µρ

O(5,ST )
edu2G (TA)δβεαδγ(e>

RpCd
α
Rr)(uβ>

RsCσ
µρuγRt)G

A
µρ

O(6,ST )
edu2G (TA)δγεαβδ(e>

RpCd
α
Rr)(uβ>

RsCσ
µρuγRt)G

A
µρ

O(5,ST )
eu2dF (e>

LpCu
α
Lr)(uβ>

Ls Cσ
µρdγLt)Fµρ

O(6,ST )
eu2dF (e>

RpCu
α
Rr)(uβ>

RsCσ
µρdγRt)Fµρ

O(7,ST )
eu2dF (e>

LpCd
α
Lr)(uβ>

Ls Cσ
µρuγLt)Fµρ

O(8,ST )
eu2dF (e>

RpCd
α
Rr)(uβ>

RsCσ
µρuγRt)Fµρ

Table 19. The dimension-8 LEFT operators of class ψ4X with ∆B = ∆L = 1. All of the operators
in this table have distinct Hermitian conjugates. The subscripts p, r, s, t are weak-eigenstate indices.
Operators below the dashed lines vanish when there is only one generation of fermions.
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∆B=−∆L=1:ψ2
Lψ

2
RXL+h.c.

O(1)
ν̄ud2G (TA)δαεδβγ(ν̄LpdαRr)(d

β>
Ls Cσ

µρuγLt)GAµρ

O(2)
ν̄ud2G (TA)δβεαδγ(ν̄LpdαRr)(d

β>
Ls Cσ

µρuγLt)GAµρ

O(3)
ν̄ud2G (TA)δβεαδγ(ν̄LpuαRr)(d

β>
Ls Cσ

µρdγLt)GAµρ

O(4)
ν̄ud2G (TA)δαεδβγ(ν̄LpσµρdαRr)(d

β>
Ls Cu

γ
Lt)GAµρ

O(5)
ν̄ud2G (TA)δβεαδγ(ν̄LpσµρdαRr)(d

β>
Ls Cu

γ
Lt)GAµρ

O(6)
ν̄ud2G (TA)δβεαδγ(ν̄LpσµρuαRr)(d

β>
Ls Cd

γ
Lt)GAµρ

O(1)
ν̄ud2F εαβγ(ν̄LpdαRr)(d

β>
Ls Cσ

µρuγLt)Fµρ

O(2)
ν̄ud2F εαβγ(ν̄LpuαRr)(d

β>
Ls Cσ

µρdγLt)Fµρ

O(3)
ν̄ud2F εαβγ(ν̄LpσµρdαRr)(d

β>
Ls Cu

γ
Lt)Fµρ

O(1)
ēd3G (TA)δβεαβγ(ēLpdαRr)(d

β>
Ls Cσ

µρdγLt)GAµρ

O(2)
ēd3G (TA)δβεαβγ(ēRpσµρdαLr)(d

β>
RsCd

γ
Rt)GAµρ

O(3)
ēd3G (TA)δβεαβγ(ēLpσµρdαRr)(d

β>
Ls Cd

γ
Lt)GAµρ

O(4)
ēd3G (TA)δβεαβγ(ēRpdαLr)(d

β>
RsCσ

µρdγRt)GAµρ

O(1)
ēd3F εαβγ(ēRpdαLr)(d

β>
RsCσ

µρdγRt)Fµρ

O(2)
ēd3F εαβγ(ēLpdαRr)(d

β>
Ls Cσ

µρdγLt)Fµρ

O(4)
ν̄ud2F εαβγ(ν̄LpσµρuαRr)(d

β>
Ls Cd

γ
Lt)Fµρ

O(3)
ēd3F εαβγ(ēRpσµρdαLr)(d

β>
RsCd

γ
Rt)Fµρ

O(4)
ēd3F εαβγ(ēLpσµρdαRr)(d

β>
Ls Cd

γ
Lt)Fµρ

∆B=−∆L=1:ψ4
LXL+h.c.

O(7)
ν̄ud2G (TA)δβεαδγ(ν̄LpuαRr)(d

β>
RsCσ

µρdγRt)GAµρ

O(8)
ν̄ud2G (TA)δβεαδγ(ν̄LpdαRr)(d

β>
RsCσ

µρuγRt)GAµρ

O(9)
ν̄ud2G (TA)δβεαδγ(ν̄LpσµρuαRr)(d

β>
RsCd

γ
Rt)GAµρ

O(5)
ν̄ud2F εαβγ(ν̄LpuαRr)(d

β>
RsCσ

µρdγRt)Fµρ

O(6)
ν̄ud2F εαβγ(ν̄LpdαRr)(d

β>
RsCσ

µρuγRt)Fµρ

O(5)
ēd3G (TA)δαεδβγ(ēLpdαRr)(d

β>
RsCσ

µρdγRt)GAµρ

O(6)
ēd3G (TA)δαεδβγ(ēRpdαLr)(d

β>
Ls Cσ

µρdγLt)GAµρ

O(5)
ēd3F εαβγ(ēLpdαRr)(d

β>
RsCσ

µρdγRt)Fµρ

O(6)
ēd3F εαβγ(ēRpdαLr)(d

β>
Ls Cσ

µρdγLt)Fµρ

O(7)
ēd3G (TA)δβεαδγ(ēLpdαRr)(d

β>
RsCσ

µρdγRt)GAµρ

O(8)
ēd3G (TA)δβεαδγ(ēRpdαLr)(d

β>
Ls Cσ

µρdγLt)GAµρ

∆B=−∆L=1:ψ2
Lψ

2
RD

2+h.c.

O(1)
ν̄ud2D2 εαβγ(Dµν̄LpDµd

α
Rr)(d

β>
Ls Cu

γ
Lt)

O(2)
ν̄ud2D2 εαβγ(Dµν̄LpDρd

α
Rr)(d

β>
Ls Cσ

µρuγLt)

O(3)
ν̄ud2D2 εαβγ(Dµν̄LpDρu

α
Rr)(d

β>
Ls Cσ

µρdγLt)

O(1)
ēd3D2 εαβγ(DµēLpDρd

α
Rr)(d

β>
Ls Cσ

µρdγLt)

O(2)
ēd3D2 εαβγ(DµēRpDρd

α
Lr)(d

β>
RsCσ

µρdγRt)

O(4)
ν̄ud2D2 εαβγ(Dµν̄LpDµu

α
Rr)(d

β>
Ls Cd

γ
Lt)

O(3)
ēd3D2 εαβγ(DµēLpDµd

α
Rr)(d

β>
Ls Cd

γ
Lt)

O(4)
ēd3D2 εαβγ(DµēRpDµd

α
Lr)(d

β>
RsCd

γ
Rt)

∆B=−∆L=1:ψ4
LD

2+h.c.

O(5)
ν̄ud2D2 εαβγ(Dµν̄LpDµd

α
Rr)(d

β>
RsCu

γ
Rt)

O(6)
ν̄ud2D2 εαβγ(Dµν̄LpDµu

α
Rr)(d

β>
RsCd

γ
Rt)

O(7)
ν̄ud2D2 εαβγ(Dµν̄LpDρd

α
Rr)(d

β>
RsCσ

µρuγRt)

O(5)
ēd3D2 εαβγ(DµēLpDµd

α
Rr)(d

β>
RsCd

γ
Rt)

O(6)
ēd3D2 εαβγ(DµēRpDµd

α
Lr)(d

β>
Ls Cd

γ
Lt)

Table 20. The dimension-8 LEFT operators with ∆B = −∆L = 1. All of the operators in
this table have distinct Hermitian conjugates. The subscripts p, r, s, t are weak-eigenstate indices.
Operators below the dashed lines vanish when there is only one generation of fermions.
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