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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); 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) x U(1)q, with field
strengths Gﬁy and F),,, respectively. There are n, = 2 generations of up-type quarks,
ur, ur, and ng = n. = n, = 3 generations of down-type quarks, charged leptons, and
left-handed neutrinos, dr, dgr,er, er, vr. 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); doublet with Y = 1/2 [5-16]. The SMEFT
has a larger gauge group, SU(3) x SU(2)r, x 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, I, e, q, u, d. This leads to correlations among LEFT Wilson coefficients matching



to the SMEFT. For example, the dimension-6 SMEFT contribution to the LEFT operator
(TeYuvLr)(€rY*bR) 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/A?%), 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(v?/A%).

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 1¥*X or ¢*D?, 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/v9~* 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 ¢2 X, while at dimension-



6 there are two classes, X2 and 1. 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: 1/2X?
and ¥*D.

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|3570 + 5442|8572 1+ 4536|3571 +-3888|1 25271 +48|12528 (2.1)

for the SM case of n, = 2 and nqg = n. = n, = 3. The counting for arbitrary n, .4 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: X%, ¥?X2D, ¢*X, and ¢*D?. Each class of operators
contains subclasses with definite transformation properties under the Lorentz group. For
example, {X}, X, X3 X%} € X* where X1, ~ (1,0) and Xg ~ (0,1) under SU(2); x
SU(2), 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, AB — AL = 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 X*
and ¥?>X?D terms containing one and nfc operators, respectively. In total there are 23 X4
operators and 2n2 + 4n? + 20n2 + QOnfl = 314 ¢?X?D operators. Table 5 of appendix B
lists the X* operators, while tables 6 and 7 contain the 9?X?2D 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



in [13] with a leptoquark bilinear, and we use a Fierz identity to eliminate it in favor of
operators with the tensor Dirac matrix o#”. A special case are the subclass 1/14LD2 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 D*(upug)D,(turur) and D*(uTAuR)D,(u T ug),
whereas for charged-leptons there can clearly only be D*(erer)D,(érer). Similarly, the
lack of color indices on the lepton fields makes some operators of subclass w%w%DQ redun-
dant. One such example is

_ =g _ = 1,RR 1,RR
(eRp'YH D peRr)(eRs’V,u D peRt) = O£4D2 ) + 2024D2 )- (2-2)
prst ptsr

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 AL = 2
operators with two left-handed and two right-handed fermions. On the other hand, for
AL = 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 (’)1(12252?

[@2ST) 9(25T) | 1 (20,8T) 5(20,5T) | 1 (25,ST) 15(25,5T)

can be in a symmetric or an antisymmetric flavor representation.

v2d?F T v2d2F v2d?F v2d?F Vv2d?F “v2dPF
prst prst [pt]sr ptsr (pt)sr ptsr
(2a,8T) _ /. T 7
Oy2d2F = (VLPCVLT) (dRsU#det)Fup’
25,5T T b\ 7
0% = (],Cot vi,) (drsorpdie) L, (2.3)

where [-] and (-) indicate anti-symmetrization and symmetrization respectively.

There are 24108 1)* X LEFT operators and 10613 1* D? 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 ¥* X and subclass w%@b%X
are enumerated in tables 8, 9, 10, and 11, while table 12 contains the ¥} X1 +h.c. operators.
The baryon and lepton number conserving operators of class 1*D? and subclass ¢%¢%¢D2
are given in tables 13 and 14, whereas table 15 lists the 17 D? + h.c. operators. The 1*X
and 1 D? operators that violate lepton number, but preserve baryon number are tabulated
in tables 16 and 17, respectively. On the other hand, the ¥*D? and 1*X operators that
violate baryon and lepton number, but preserve AB — AL are listed in tables 18 and 19,
respectively. Finally, table 20 contains all the AB = —AL = 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



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?F2 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.



Dimension-8 operator counting

Class Number of Operators SM
X4 23 23
W2 X2D 2n2+4n2+20n2+20n3 314
X 27nA+18n3ne+2ngny (ne+27neny+n,+36n:n,) 24108
+12(—3+2n+36n24108n2 —2n, +54n,n,+18n2)
+1(—4n2+18n2-+108nk +4n2 (—3—2n,+18n?2)
+2n2(—3+72n2 —2n,+18n2)+n, (2—3n, —2n2+3n3))
PprD? Ind+6nine+ni+Int-+n?(3+18n2+n,+9n2) 10613
+n2(5—2ne+18n2 43602 +n,+18n,n,+9In2)
+2ngny (—ny+ne(—149n,+18n,))
+1(36nL+4n2 (5-+n,+9In2)+n, (2+5n,+2n2+3n3))
AB=AL=0 | 23+36n3+9n2+22n2+36n}+54nsn.n,n,+2n2+12n2n2+nt 21144
+2n2(114+27n2+72n2+6n2)+n2 (5+54n2+8n2)
AL=2 Ny (54naneny +10n2n, +n2(—1+15n, )+n2(—1+15n,)) 5442
AB=AL=1 36ng1y (2neny+ngny) 4536
AB=—AL=1 12n3(2ngne+3nyny,) 3888
AL=4 tny(24n,+n3) 48
Total 23+4-36n5+24n3n.+9n2+22n2 43602k +n, —n2n, 35058
+5n24+27Tn2n2+3nt+36ngnen, (2n,+3n,)
+n2(5+54n2+18n2)+n2(22+54n2+144n2 —n, +72n,n,+27n2)

Table 1. The number of dimension-8 LEFT operators broken down by operator class and by

baryon and lepton number. The X* Lagrangian terms each contain one operator whereas the
1?2 X?D Lagrangian terms each contain n? operators where in the SM n, = n, = ngy = 3 and

n, = 2. Tables 2, 3, and 4 and provide more detail on the counting of operators with four fermions.



VX WA D?
Term(s) | Number of Operators |SM Termy(s) Number of Operators |SM
(’)&};'2 L) inZ(n2-1) 18 (’)S{éff) inZ(ny+1)24+4n2(n,—1)%| 45
ouh n2n? 81 ol n2n? 81
oul, . nZn? 36 o4, nZn? 36
Ox(jz’l;)?X nyng 81 Ol(leélm nyng 81
Ol(ii)dx NyNeNyNg 81 (’)(Vili)dDQ NyNeNy Ny 81
b2 0) 1n2(n2-1) 18 OULLFR N 120 11)24102(n,—1)2 | 45
Ol 2R In2(n2-1) 18 Oy | 1n2(ne+1)%+1n2(n.~1)? | 45
Oi}lfﬂ n?—l)—i—%nﬁ(ne 1)2 |45 (’)S’gg) %nﬁ(ne—&—l)Q 36
Olothers) nd 81 Olothers) n 81
0222)2 ¥ ngni 36 0222)2 D2 nzni 36
0%k n2n? 81 0% pe n2n 81
Ol yn(n2-1) 6 O ) | 102 (n, +1)2 4 In (n,—1)2| 10
(91(;’#”2’RR) inZ(n2-1) 6 (’)7514’522’31%) in?(ny+1)2+in2(n,—1)%| 10
ot (n2=1)+1n2 (n,+1)?| 15 O3 102 (n, 4124102 (n,,—1)2| 10
Oii’gT) n2—1)+4n?(n,—1)?| 7 (’)ﬁlg;hors) nk 16
Oiig?thers) ni 16 Oé}fbf’LL) %ni(nd—Fl)Q—F%ng(nd—l)Q 45
O™ §n3(ng—1) 36 Ohips ™™ | i (nat1)? +fnd(na—1)? | 45
Oy ™™ §ni(ni—1) 36 0% | mana+1)* +3nd(ng—1)? | 45
OGir" | $n3(n3—1)+in3(na+1)? | 72 Ofips n 81
Oéﬁ"gn %nfl(nfl—l)—i—infl(nd—l) 45
olalothers) nd 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 n, = n, = nqg = 3 and n,, = 2.



AL=2:0*F AL=2:4*D?
Term(s) |Number of Ops. |SM Term(s) |Number of Ops. |SM
(91(,12652? inZn,(n,+1) | 54 OiﬁfgsDi) inln,(n,+1) | 54
(91(,22:;71;) inZn2 81 01(11275271;))2 inZn,(n,+1) | 54
Oilz’e';;’TS) %ngnl,(nl,—l) 27 (9522’;12’%? %nﬁny(nl,—l) 27
0512’527;2 %ninp(ny+l) 24 (9;’35%92) %niny(n,ﬂrl) 24
0522527;() inZn? 36 (’)1(,12’52732 inZn,(n,+1) | 24
OL=2TN 1p2p (n,—1) |12 024D 1n2p, (n,—1) | 12
Ol(llzdsgg inZn,(n,+1) | 54 (91(,12’5’2’%2) inZn,(n,+1) | 54
O ndn? |81 Onpe | ndn,(n,+1) | 54
OW2TI | Ln2n (n,—1) | 27 045D 1n2n, (n,—1) | 27
Oz(/zli)dX NyNeNyNd 81 Oizli)dm Ny NeNyNd 81
AL=4
Term Number of Operators SM
o). ny,(n2—1)(n,—2) 3
O | S (1) (1, 42) (1, 4+3)+ 502 (n2—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 n, =n, =ng = 3 and n, = 2.



AB=—AL=1:9*X AB=AL=1:9*D?
Term(s) Number of Operators SM Term(s) [Number of Ops.|SM
0(52“231; s (na+1) 36 Oﬁi(fsz snynyna(ng+1)| 36
O 3nwnuna(ng—1) 18 05T, tn,nna(ng+1)| 36
O™ Mo 54 04 L nynyna(ng—1)| 18
(’)(232} %neng(nd—ﬁ—l) 54 (’)(3 52732 2n,,nund(nd 1)/18
OLih 3neng(na—1) 27 olallothers) nyNun3 54
(92’36))( %nend(nd+1)(nd+2)+%nend(n3—l) 54 (9(5’26(;%2) l'nendnu(nu—l—l) 27
Oézgsc): §nena(na—1)(na—2)+3nena(ng—1)| 27 Oii’f&%@ Inengn, (ny+1)| 27
OLjothers) nen?ng 36| |OCATESS) Ly niny(nu—1)] 9
Ol [5nenanu(nu—1)| 9
OB | nenZng |36
AB=—AL=1:4*D? AB=AL=1:4*X

Term(s) |Number of Ops.|SM Term(s) |Number of Ops.|SM

O pe | Smmnuna(na+1)| 36 024 L nna(ng+1)| 36

OL D [¥numuna(na—1)| 18 OIS Aln, nuna(ng—1)| 18

Ofﬁiﬁ%‘im) nyNun3 54 (’)iil(liogt)l}erb) nyNyn3 54

022521)32 3neng(na+1) |54 Oéi’f&;&sm $nengny (n,+1)| 27

O(ZSD(SZ) 3neng(na—1) |27 Oéifdis) $nengny (n,—1)[ 9

Oijlijgﬁe“) nenng 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 n, =
ne =ng = 3 and n, = 2.



B Dimension-8 operator basis

B.1 X*

X4
o4 (GA,GA)(GB,GPeo)
o (GA,GAm) (G GBP")
Og (Gt GBr) (Gl G20
ore (G;f,,éBW)( Bor)
o8 (G;j‘l,GA“”)(GB GBer)
oY) (GA,GPr)(GA,GPr)
ng dABEdCDE(G;lVGB;w)(Gg‘UGDpa)

ng dABEdCDE(GﬁyéBuu)(Gg‘aéDpa)
(9(9) dABEdCDE(GﬁlVGB;w)(GgoéDpa)

@
Of (Fyu FH)(Fpo F?7)
0 (Fup F1)(F,q FP0)
o (Fyu FHY)(Foo F07)
Og??F dABC(F GA;W)(GB GOPo)
Og??F dABC(F GA;W)( cha)
OSQF dABC(F GAW)( B GCpa)
ngs?F dABC(FWGAW)<GB cha)
Ol s (B FP)(G, GAP?)
O (Fyn )G, GAP?)
O p: (B GA1) (Fpp GAP2)
O (B GA2) (Fpo GAP7)
O (B 1) (Gl GA77)
Ogir: (Fyuw (G GA97)
OGip: (B GA) (Eyy GAP7)

Table 5. The dimension-eight operators in the LEFT whose field content is entirely gauge field
strengths.

~10 -



B.2 2X2D

(LL)X?D
oLl iyt D v, ) GA G
oL i(7p,7" D vp, ) Fup By
o&h i(e1,7" D e, )GA G
Og’zggp i(éLP'ylLﬁAeLr)FupF)\p
OgégD i(qupylfﬁ*qu)Gﬁprp
o%L FABC (vt TA D Mg, ) GE GSP
oL, idABC (i, P TA D My, ) GB G

4,L . _ = ~ ~
OGH | ifABC (apy  TAD Mg, ) (GE,GSP — GB.GSP)

_ =g =~ ~
Oiz’égp fABC (uLp’YHTA D XULT)(GEprp + GEpGgp)

o%E, (7" D up, ) Fup
OGGrD (" D i) (FupGa = FryGL?)
0% (117" D Mg, ) (FupGLP + Fy,GA?)
OEL?;’C[;IL'D (_LpV”?/\ULT)(FupéfP - F/\péﬁp)
ok (7" DM, ) (FupGRP + Fy,GA?)
oL i(dpy Dy, ) GA GLP

oZh FABC (A, mTA DL, ) GE GSP
o%h idABC (L, TA D Ay, ) GE GSP

. - = ~ =~
OGE, | ifABC( Ay TA D Ny, ) (GB,GS” — GB.GSP)

— —> ~ ~
OGH, | FABC(dpy*TAD L, ) (GB,GSP + GB.GS)

O%E, i(dpy D dpe) Fu Fy

Oéé’é}D (CZLPVMﬁ/\dLr)(FMPGfp - FApGﬁp)
oz i(dppy DXp,) (FupGLP + Fy,GA)
o (dipy Ddp,) (Fl, G — Fy,GA)
ol i(dipyt DA dp, ) (FlupGLP + Fr,GAv)

Table 6. The baryon and lepton number conserving operators of class ¥2X2D with left-handed
chiral projectors in the fermion bilinear. The subscripts p,r are weak-eigenstate indices.

11 -



(RR)X2D

R o'y
OSGQ)D i(eppy* D )‘eRT)Gﬁprp
O(l’R) (= uﬁ)\ F E.°
e2F2D i(€rpY err)FupF)y
L <=2
OLiiip i(urpy" D ug, )G, GR
_ =
0,2 JAP iy TAD ) GG
. _ =
Oiz’C};Q)D idABC (upyy* T4 D ’\uRT)Gprfp

R : - o 2 e
O(iC;Q)D zfABC(uRp'y“TA D /\uRT)(GEpGSP - GEPGSP)

_ = =~ =~
OSH | FABC (apyy  TAD Mug,)(GB,GS? + GB,GSP)

Oilz’FRz)D i(aRp’Y”%)’\URr)FupF,\p

o4n (rp " D g ) (Fp G — Fy,GA4%)
o&n (" D upy ) (Fp G + Fy,GAP)
0%t (s D upe ) (FupGa? — Fa,Gi)
0%, i(ﬂRﬂ“(BAURr)(Fupéf\‘p + Fr,G17)
Oléip i(dryy* Ddry) G, G
o, FAP (drpy* TA D dgy ) G, G
o idABC (dgyyt TA D g, ) GE GSP

. - o= ~ =
OGE | if*BC(drpy" TA D g, ) (GB,GSP — GB GSP)

5 7 =g ~ ~
O L | AP (drpy"TA D g, )(GE,GSP + GB G5

O;}@D i(CZRP’y“ﬁAdRT)FHPF)\p

O%GrD (drp# D) (FupGa? = Fr,G17)
ozn i(drpy D) (FpGLY + Fy,GA47)
on (drpy D dpy) (FyGL¥ — Fy,GA?)
ogR i(diy* D) (Fup G + F i)

Table 7. The baryon and lepton number conserving operators of class 12X 2D with right-handed
chiral projectors in the fermion bilinear. The subscripts p,r are weak-eigenstate indices.

~12 -



(LL)(LL)X (LL)(LL)X
OLER| L vin)ELa’es) 0" | @ ur) (@ TGl
O (PLp"vee) (Ersr’ers) Frup ofs" (trpyurs) (GLsy?TAury) G4,
0% n2l (v vee) iy TAu) G4, Ofig" (drpy*dr,)(dLsy?TAdr) Gy,
0522752%) (DLPVMVLT)(ELSVPT uLt)Gup (’)((;éL) ( Lp’Y“dLr)((jLs’YpTAst)
OWE Ly vee) Ly ure) Fup OWED (@ppyiur,)( oy TAdL ) GA
Oip|  (T"ven) Ly ure) Fp O%wd| (LY ur,)(dLy?TAdL) G
Oz(zlzszLG) (DLP'Y“VLT')(JLs’YpTAst)Gfp OS;;LG) (ULp YT ur,)(dpsy” de)
O%sd (Lo vee) (drsy* TAd ) G, O (arpy*TAur,)(drsy st)Gup
Oy (TLpy* v ) (drsy dry) Fup O LN FABC (@ y T Aup, ) (d sy TBd 1) G
0522’;2? (ﬂLp’Y“VLr)(JLs’Ydet)ﬁup 078627;22 fABC(uL YT Aur, ) (dps fypTBst)
O LN Byt ) ALy TAuL) GA +hee|  [OGED|dABC (@, yn Ty, ) (dy? TEd 1) G
Oifd@ (VLp’YueLr)((ZLS'YPTAULt)éﬁerh.C. Ofg’ffc) dABC (wp P TAur, ) (dpy? TR dL,)
Ofeuir| (Prprers)(diy us) Fupthc Ol (@rpy*urr)(drsy?dre) Fup
O Ly ers)(drsy?urs) Fup+h.c. OG- (arpy ure)(dpsy?dre) Fop
Og“gé) (é“ﬁue”)(ELSVPTAuLt)GﬁP Of;sz%) (appy"Thuy, sy T dr)Fp
Octic|  (€rpn*esn) e Thued G, | |Ouir| (17" T uen) (e T ) Fuy
Ofisp|  (Eraer)(@nsy ure) Fuy Ol (arpy ure)(Urs Y uLe) Fup
Ogug%) (éLP7MeLT)(aL87p“Lt)ﬁup Oq(ﬁl’ﬁL) (ULp'Y“ULr)(ﬂLs’YpULt)ﬁuP
O‘(f;;i]—;é) (éLPVMeLT)(JLSVPTAst)Gﬁp Ofii’lfL) ( 7LP'7#dLr)((st'Vdet)F#P
Oglfzé) (é“ﬁ“e“)(JL‘WPTAst)éI?p ijﬁ“ (dLP’yﬂdLr)( 7Lsfydet)ﬁ#P
OGSy | (erner)(dey duo) Fyp
Octitr| __ Crenn)dn i Fuy
OSFY| oy vin) (Prayvie) Fup
05| Py vin) Prayvie) Fy
Oi};}f” (epy*err)(€rsyPert) Fup
Og}fm (e ers)(ELsy’ert)Fup

Table 8. The baryon and lepton number conserving operators of class ¥*X where both fermion
bilinears involve left-handed chiral projectors. Operators with h.c. have distinct Hermitian conju-
gates. The subscripts p, 7, s,t are weak-eigenstate indices. Operators below the dashed lines vanish
when there is only one generation of fermions.
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(RR)(RR)X (RR)(RR)X
Of;"gR) (UrpY"ure) (URsY* T uR:) G, O,ﬂﬁ’(ﬁ? (rpY" ury)(drsy*TAd R ) G2
Oii’gm (_RpWURr)(ﬂRw”TAURt)éﬁP Ofﬁ’jﬁ? (ﬂRp’yHuRT)(LZRS’YPTAth)éﬁp
OUE | (drpy" dpe) (drsy? T dRe) G, (ol (urpy" T upy)(drsy*dr)G1L,
Ofﬁ‘c’fm (drpy"drr)(dr V’JTAth)éﬁp Oi‘é’ﬁ? (UrpY* T uRy)( _Rﬂdet)éffp
Oi;‘u}zg) (éRp’y“eR,,«)(7357"TAuRt)Gfp ng"’;g) FABC (ugpyy*T uR,.)(JRS'ypTBth)GEp
Ogﬁg’ (éRp’Y'ueRr)(7R5'YPTAuRt)éNp Ofﬁ’;? fABC (ug W”TAURT)(JRS’Y’)TBth)éEp
OS’;?) (ErpY*err)(URsY UR:) Fpup Oiﬁ’,ﬁ? d*BC (Uppy" T upy ) (dpsy? TP dRe ) GS,
Oﬁ;ﬁ? (éRp’Y“eRr)(ﬁRsV”uRt)ﬁup Oﬁ’d@? dABC(ﬂRp’Y“TAuRr)(tzRﬂpTBth)égp
OS;}Z? (éRp’Y“eRr)(JRS’Y’]TAth)Gfp Oiﬁ’ﬁ? (U rp Y ury)(drs Y dRe) Flup
OS;}ES) (€rpYerr)(drsy?TAdRe )G, Ofﬁ’jﬁ? (@rpY"ure ) (dRsy dRe) Fup
(’)S;?) (erp*err)(drsY drt) Fpup O,ﬂi’jﬁ’}) (rp " TAup, ) (drsy*TAdpe) Fpup
O | _@men)(dndm)Fyy | Oy | (imy T un) (dry T ) Py
0L ™| Emprenn)Ersyen) Fip oL (trp"ure) (Rs Y uRt) Fup
OGHI | (Enpyter)@nsyPent) Fup (i (trpy"upe) (R URe) Fup
Q(ii’ém) (drpy*dre) (Ars Y dRe) Flup
Qﬁ’;m) (dRpW“dRr)(JRs’Ydet)ﬁup
(LR)(RL)X + h.c. (LR)(RL)X + h.c.
0050 | (Frpere)(drso*?TAur,) G, OGS | (Erpern)(@rso*Pure)Fyp
OLTS | (Drpo epe) (drs TAurs) G2, OGLI | (Erpo e, (ursure) Fup
Of,ifd? (Vrperr)(drso*Purs)F, Oil’dg? (eLperr)(drso™?TAdLe)Giy,
O,(,lfj{j:) (Vrpo"Perr)(drsurt)Flp OSJ;? (éLpCf”peRr)(JRSTAst)Gﬁ,,
G58 | Erpern)(irao T Aur)G, OGn) | (erpere)(drso?Pdrs)Fyy
OSUI;Z) (eLpo*Pery)(ips T ur) Gy, OS’;? (eLpo*Pery ) (dRrsdre)Fpup

Table 9. The baryon and lepton number conserving operators of class ¢*X and subclass 7 1% X
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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(LL)(RR)G (LL)(RR)G
oLy (PLpy"vir) (R T ure) Gy, 0G5y (azpy"urr)(drsy* T dre )Gy
o%ER (o7 vire) (arsy T ure) Gy 0%LY (rpy"ure ) (drsy* T dre) G,
Opg|  (Loy'ver)(drnT dr) Gl O (arp?" T urr)(dray"dre) Gy
oL (py"vir) (drsy* T dri) Gy 0L (rpy" T ury) (drsy dre)Giy
Olviid| (Frpy"ere)(drsy* T ur)Gilythe. | |OGEM | pABC (41 ArTAur, ) Ry TP dre) G
0L ey err)(drar T un) Glythc. | |OGED| FABC (G i TAuL, ) (drey TR dr)GS,
055y (eLpy”err)(irsy" T ure )Gy Ol d*PC Uy T ur,) (drsy* TP dri) G,
quf?? (éLp’Y“eLr)(ﬂRs’YpTAum)afp 0282’52}2 dABC(ﬁLp'y“TAuLT)(ciRs'ypTBth)éEp
oL (@rpy" T ur,)(Ersy ere) Gy oL (depy*TAdre) (ursY ure) Gy
0222:212 (ﬂLP'yuTAuLT)(éRSVPeRt)é;?ﬂ 0222752]2 (‘in'YMTAdLr)(ﬁRs’YpuRt)é’Z\p
OSQL?Z) (éLP’YMeLT)(‘ZRS’YPTAde)Gﬁp OS;LL?RG) (JLP'VudLT)(ﬁRSWPTAURt)GﬁP
Og’;’? (éLp'y“eLr)(JRs’YpTAth)éf}p (9((;’5212 (JLp'y“dLr)(ﬂRs'ypTAuRt)éﬁp
OEIN (Ao TAdL,) (Ersy’ dre) Gy OSLON fABC (A " TAd L, ) (Grs v TP ure)GS,
0w (dLpy" T4 drr)(Ersy’ drm) Gy OGEDL APy T L) (irsy" TP ure)GS,
OLER (arpy"urs) (aray T ure) Gy ONEM dAPC (dppy" TAdLr) (arsy* TP ure)GS,
O%LR (wrpy"ure) (irsy T ure) Gy ONEON dABC (dp " TAd Ly ) (@R TP ur) G,
Oii’ém (azpy" T urr)(arsy ure) Gyl OEidL)fé (drpyurr)(irsy? T dre) Gy +h.c.
ONEPN (Ary" T urr) (Grsy ure) Gy Ot (drpy ury) (irey T4 dr) Giiyt-h.c.
ijﬁéR) AP Uy T sy ) (wrsy TP ur:) G, Ogidﬁfé (dpy"T*ury) (irsy’dre) Gy +h.c.
OGEPN FABC (1  TAur, ) (arsy* TP ure)GS, 0L (dipy* TAune) (i dre) Gy thc.
Oil’éR) d* P (appy* T ur, ) (Ursey’ TP ure) Gy O((idﬁfé FABC Ay T urr) (ursy* TP dRe ) GS,+h.c.
O | (" T urr) (R TP ure) Gl | | 0L APy Ty, (i TP i) G, 4.
O,(;;’(L;R) (CZLP’Y“dLr)(CZRs’YpTAth)GA OEZdL)fc): dABC(JLp*y“TAuLT)(ﬂRS’y’JTBth)GEp—i—h.c.
OGEM (dupy i) (dray"TAdre) G, OE LD A4 (" T up, ) (ray* TP dp ) G, +hc.
oL (depy*TAdrr)(drsy dre) Gy
0%e™ (AT der)(dray dre) Gl
OGEP| AP (dppy* TAdL, ) (dray TP dri) G,
OGLI fABC (Gt TAdL, ) (dray" TP dre) GG,
O LN gABE (A" TAdy,) (drsy* TP dre) G,
OZZ’GLR) dABC(JLp’y“TAdLr)(JRs’YpTBth)éSp

Table 10. The baryon and lepton number conserving operators of class ¥* X 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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(LL)(RR)F (LL)(RR)F
Ol(/tfd? (PLpy*err)(drs Y ure) Fup+h.c. O&ﬁm (@rpY*urr)(Ursy ure) Fpup
OZ 2 | Ly ers) (drayPure) Fup+h.c. 0L (WL urre) (Grs ¥ un) Fup
OS’FLR) (eLpy"err)(€rsy eRre) Fpup (,)7334,1?12) (" T ury ) (Ursy* T uRe) Fp
Oii’;m (eLpy*err)(ersy ere) Fpup Offﬁ’ﬁm (app V" T4 ur,) (ips v T ure) Fyp
OSER | (Frpyvie) (Erav?ers) Fup (al (drpy*dpr)(drey’dre) F
01(,22 Lz?) (DLp'VHVLr)(ERs’YpeRt)f)m Ofﬁﬁﬁm (drpy"dr,)(dr YPdri)F, o
OWER T (™ vee) (@rsy?ure) Fup OGE | (dppy*TAdLr)(drsy T dge) Frup
01(/221521;) (FLpy"vie) (Urs Y une) Flp O((;FLR) (dryy"TAdy, ) (drsy*TAdRe) Fup
OSE | Ly vie) (dray?dae) Fup 0% (arp™urr)(drsr"dre) Frup
OSE | Ly vie) (dray?der) Fyp 0% (@rpure)(drsy*dr) F,
OS;@? (eLpy*err)(tUpsy uRr:) Fpup Oi?;’fz?z) (U TAury ) (drsy?TA th)
Oiﬁ;ﬁ’}) (erpv ers)(Ursy une) Fup O,(;’;z? (urp V" TAur,)(drsy*TAdRe) Fy
Ol(tlgeg? (@rpy"urr)(€rsy’ert) Fup (’)éi’,fz];) (drpy*drr)(irs Y ure) Fpp
OSER | (arpr urs)Erar”ers) Fup oGLY (dLpy*dpr)(iiray"une) Fyp
0GR | @y ers)(dray?dre) Frp OSEN | (dopy"TAdL,) (iray* T up:)
OZL | (erprers)(drsy dre) Fup OGE | (dopy"TAdL,) (iR T up:) Fyp
0((;62? (drpy*dry)(Ersy ert) Fup Oéidl;fp (drpy"ury)(irsy’dRe) Fup+h.c.
O%iR| (depydy) (Erar”ers) Fp O (dupy*ury)(rsy*dry) Fup+hec.
Oéi’f)f} (dpy" T ur,) (trsy* TAdRe) Fup+h.c.
OéidL)Zl (dLpy"TAur, ) (apsy*TAdRye) M,-I—hc

Table 11. The baryon and lepton number conserving operators of class ¢*X 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,T,s,t are weak-eigenstate indices.
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(LR)(LR)X +h.c. (LR)(LR)X +h.c.
ORme | (Frpern)(droo T ur) G, olsr Lyt ) (iLs0" T un) G,
ORI (Drpo"Pers)(drs T ur) G2, olT (arpotPupe)(drs T ur )G,
Ol(llmf;TG) (DLPU”AeRT)(JLSUAPTAuRt)Gf" O&’gm (ﬁLpU”AuRT)(ﬂLSU)\pTAuRt)Gﬁp
025 (Frper)(drso™ une) Fup oUsm (LT ury) (s 0™ T4 upe) Fp
Ox(jii;i*) (7Lpo"err)(drsure) Fup O;ﬁ’gT) (dipdrr)(dLso"? T dre) G,
O (Frpo* err)(drsospune) FY (ofrpa (dLpo"?dry)(drsT*dre) Gy
OGS (erpers)(aLso™ T ur:)Gi, ol (drpo™ dry)(drsox,T dpe ) GP
OGN (erpo"eny) (LT ure)Giy ols (drpyTdr,)(drso"? T drs) Fyp
0G| (Erpot err) (UL sor, T ure) G o= (arpdrr)(dLsou, T ure) Gy
ng;? (erperr)(ULso" ure) Fup 01(,227522 (ﬂLPTAdRT)(JLSUuPURt)Gﬁp
Og’fzi) (erLpo"enr)(Ursunt)Fyup 01(;522 fABC (ﬂLpTAdRT)(JLsUupTBuRt)GEp
0G| (rpo™ er)(@Lsorpure) FY O%S dA B (ar, TR ) (drso, TP urt)GS,
OG5 | (Eperr)(dLso™ T4 dry)G2, o) (arpo™?dre)(drsory T ure) G,
OGT) | (ELpo™ ers)(dLs T dre )G, 05T (arpo**TAdRe ) (dLsorpurd) G,
0T | (ELpo™ ene)(drsoa,TAdre)GL? OIS | AP (arpo™ T4 dR, ) (drsor,TPurt)GS,
oJeunt (erperr)(drsa"Pdri)Fup OSTI| dABC (ap,o"  TAdR, ) (drsorn,TPure)GS,
0%y (érpo"’err)(drsdre) Fup oLy (tiLpo*drr ) (dLsoryT A ur)G?
OS’;? (eLpot erry)(dLsorpdre) FY Of;;;TG) (uLpot T4 dR, ) (dLsorpure) G
Oii’im (érperr)(ersc"’ere)Fup (’)5’2;:2 fABC(ﬂLpJ”ATAdRT)(JLSUA,,TBuRt)GEp
O | dAPC (Lo T4 d R, ) (drsoa, TP urt) GSP
07812752? (ﬂL:DdRT)(JLSJMPU‘Ri)F#P
07322’521;:) (aLpTAdRT)(JLSUWTAURt)FuP
0L (ULp0" drr)(dLsorptire) Fup
szdT?iﬂ) (ALpo™Tdp, ) (drLsor, T urt) Fup
Of}z;? (tiLpo"*drr)(dLsorpure) FY
OGTD | (Ao TAd R, ) (drson, T ure) FY
(ol (trpurr)(ULso" ure)Fu,
o" (drpdny) (drso" dre) Fup

Table 12. The baryon and lepton number conserving operators of class ¥*X and subclass wj*%X R-
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.4 vy*D?

(LL)(LL)D?

(RR)(RR)D?

oLLD
olLD
Opy
Ohy
Ofipt
oty
oList,
045,
ohh,
oZLD,
oED),
o%Lh,
oLy,
O
oLEY,
oZLL),
olLth),
oL,
0%,
Oz

(1,LL)
OueudD2

(2,LL)
OueudD2

De(vppyerr)

DP (v vy ) Dp(PLsyuvie)

Dr(eppy err)Dy(Ersyuert)

De(urpyy*ury)Dy(trsyuure)
(ﬁLM“ﬁpum)(ﬂLs’YuﬁpuLt)
DP(dppy*drr)D,p(drsyudre)
(Cin’Y“ﬁder)(JLs%ﬁpdu)
Dp(ﬂLp’Y”VLT)D (éLs'Y,u.eLt)

(Vrpy* D Pvrs)(€LsTu D p€Lt)
Dr( VLpW”VLr) o(ULsYpULt)
(Trpy" hog Pve) (s D purt)
DP (v vre) Dy(drsyudre)
('7Lp“/“<5>”VLr)(JLS’YHﬁdez)
Dr(erpy"err)Dy(turnsyuure)
(éLp’Y”?peLr)(ﬂLs%(ﬁpuLt)
D,(drsvudre)

(éLp“/‘L(BpeLr)(JLS’Y;L(deLt)
DP(uppy*urr)Dp(dpsyudre)
(ﬁLp‘/”ﬁ”qu)(JLSV;L(deLt)

Dr(erpy*err)

Dr (ﬁLp'YHTAqu)Dp ((jLs'YuTAst)
(ﬁLp’YMTA <5>puL'r) ((st’y,uTAﬁdet)

_ — - —
(VLp/YM D peLr)(dLs’Yp, D puLt)+h-C-

Dp(d_stpuLt)+h.c.

oL

OLER)
oA
O4EY
o
Oél uIzI;Q
022 uIzIE)Q
oLER,
[0S
O
01,
O,

(4,RR)
0,242 p2

D? ('[_/pr’YMTAuRT)Dp(JRS’Y;LTAth)
_ = - =
(uRp’Y'uTA D puRr)(dRs’YuTA D de,t)

Dr(erpy*err)Dy(€rsYuent)
D (arpy*urr)Dy(UrsVutRe)
(ﬂRpV“ﬁpuRr)(ﬁRs%ﬁpuRt)
DP(dppy*drr)D,p(drsvudre)
(‘ZRpW"'ﬁder)(CZRs%(deRt)
Dr(erpy*err)Dy(UrsVutrt)
(éRp'yuﬁpeRr)(ﬁRs'YuﬁpuRt)
(drsVudre)
(éRP’yHﬁpeRT)(JRs’y;L(deRt)
D?(ippy*ursy)Dp(drsYudre)

_ <~ - <~
(uRp’YM D puRr)(dRS’Yu, D det)

D/’(éRp'y“eRr)Dp

Table 13. The baryon and lepton number conserving operators of class 1¥*D? 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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(LL)(RR)D?

Oi},’éf) D”(eLp’Y’ err)D, (eRs"YueRt)
Oiféf) (eLp” D Perr)(ERsVp D pERt)
OLER: | PPy vir) Dy(ensruen)
O, (DLp’Y“ﬁpVLv)(eRﬂu D yent)
01(11252]}))2 DP(0pp v vir)Dp(URs YuURe)
01(12252]22 (DLP'Y“?pVLv)(URs’Yu puRt)
01(11221%11%3)2 DP(vppy"vir)Dy(drsVudre)
0(22’;2@2 (DLp’YH?pVLr)(dRs'Yu D ,dre)
Oilu@]f—)z Dp(éLpWeLr) D,(@rsVutrt)
OEQuL?Iz)? (eLpy* D Perr)(UpsYu D purt)
01(;12521;2 D (arpy*urr)Dp(€rsVuere)
0L (ﬁLPVH(BPULr)(éR57u<Bp€Rt)
0(;(1];1;2 DP(eryy"ers)Dy(drsyudre)
O(gszgz (éLP’YM?peLr)(CZRs'Yuﬁdet)
szi’ggg DP(dpyy*dry)Dp(Ersyuert)
Offﬁ ngz (JLpV”ﬁder)(éRs%ﬁpﬁRt)
Oulefdlg2 D (Uppy*err)Dy(drsyPupr:)+h.c.
Oiifd@? (ﬂLpVM(BpeLr)(JRsmﬁpuRt)+h.c.

(1,585)
OVEUdD2

(2,85)
OueudD2

(1,55)
O 2 2D2
0221;5;’532
045,

(2,89)
OF 2d2D?

(LL)(RR)D?
Ofﬁ’é? DP(urpy"ury)Dy(UrsYuURe)
oL (17" D Py ) (s D ptine)
Oiié?) DP(uppy"TAur,)Dp(tgsy, T upe)
O | (aep  TA D Pur,) aney 4D )
Ol D?(diyydir) Dy(d s rudre)
Oﬁ’éf) (gLPVNﬁPdLr)(JRSVM?det)
0;},;? DP(dppyy"TAd L) Dy(drsy, T4 dRy)
OWER | (At TA D dy,) (dpey, TAD o)
01(;12;%2 DP(tryy"urr)Dy(drsyudre)
01322;21;2 (ﬂLp’Y”?pqu)(JRs’m(ﬁdet)
Oz(;;;?RDQ DP(uppyy*T4ury)Dy(drsy T4 dRe)
01(;7;2%)2 (ﬁLp’Y“TA?pqu)(JRs’mTA(dem)
Ofé#%z D?(drpy*dLr)Dp(trsYuune)
O((ziﬁlz)z (JLPVH%)deT)(ﬂRSVMﬁpURt)
ngz& D (dppy"TAd ) Dy (trs v, T Ry
quﬁﬁz (‘ZLp’Y“TA%)der)(ﬂRs%TA?pURt)
OLiie | DP(dipyuse) Dy(insyudie) +hec.
O&f)?ﬁ (JLP’YM?’)U‘L’F)(URS’YH D pdpy)+h.c.
OEiéﬁ%? DP(dppyy" T4 ) Dy (ugsy T4 dRe) +h.c.
Og’dL)?[))z (Jva’*TA?”qu)(uRSWT D ,dp¢)+h.c.
(LR)(RL)D? + h.c.
D (vppery) Dy(drsurs)
(TLp ol Pepe)(drs D ;LuLt)
(eLpem )D (uRsuLt)
(érp o ”FRr)(URs uULt)
D*(erpery)Dy(drsdre)
(ELp D epr)(drs D pdre)

Table 14. The baryon and lepton number conserving operators of class ¥* D? with two left-handed
Operators with h.c. have distinct Hermitian conjugates.
subscripts p, r, s,t are weak-eigenstate indices.

and two right-handed fermions.
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(LR)(LR)D? + h.c. (LR)(LR)D? + h.c.
Ofimine D*(vperr) Dy(drsure) s DH(tipptgy) Dy (ipstine)
Oiif;& (DL,,?“eR,)(JLS%)uum) 01324;;58) (ﬁLpﬁuuRr)(aLs?uuRt)
Oiiﬂ:}gg D)‘(DLPU“”eRT)DA(JLSUW,uRt) Of‘i’gf) DH(arpyTAupy) Dy, (s TAupe)
Oiiﬁf) DH(erperr)Dyu(€rsert) Ogﬁﬁf) D*(drpdry) Dy (drsdry)
OS’,;T) DX eryoter, ) Da(ersoupent) 02/2{[‘)55) (JLPﬁudR'V')((iLsﬁuth)
0850 | DMerpers)Dyliisury) 0859 | DA, TAdgy) Dyu(dpsTAdge)
0555, (éLpﬁ“'eRr)(ﬁLs%)yuRt) (et DH(appupe)Dy(drsdre)
OLID. | DMerpoe ) Da (L0 pptnt) 0% | (g, Druny)(dps D pdne)
08D | DMErpery) Duldrsdry) 059, | D(ar, TAup,) Dy (drsTAdR)
OSSO | (61, Dreny)(drs D udm) 0L | DMdpyun,)Dy(iLsdr:)
OSdeTD)z D*(erp0t*epr)DA(dLsupdRt) O((Z’ds)%z (JLP?“URT»)(ﬁLs(Budm)
Ofwihe | D*(dry T upy) Dy(tinTAdpy)

Table 15. The baryon and lepton number conserving operators of class ¢*D? and subclass 1/)}1%D2.
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.5 AB=0,AL#0

AL =2: ¢33 X + h.c. AL =2: 91X + h.c.

(9,()2;? (VLTPCVL,.)(éLsU“/’eRt)FM) 0522;7};) (uzpCeL,,)(éRso””z/Lt)FM,
O%ie | (W, Cven) Lo TAuR, )G, 0550 | (T3], Cus, ) rssovi) G,
(91(1125};2 (VZPCVLT)(TLLSUWUM)FW (9,()22527;,) (VITpCqu)(ﬂRSG“pVLt)FW
Ot | (], Cvp)(drso"* TAdR,) G, OG0 | (TME(w],0ds, ) (drpso 1) Gl
o) (v1,Cvie)(dpsoPdpe) Frup oS (vL,Cdr,)(drs o™ vie) Fyup
ol (vi,Cy"ere)(dLsy? T ury) Gy, oL (vi,Cerr)(drsat*T4ur) Gy,
O,(ji;ZLG) (VLTPCW“eR,,,)(JLs'y”TAuLt)éﬁp Oit;tTdiz (VLTPCU””eL,.)(JRSTAuLt)Gf}p
0Lt | wl,Crten) (dray* TAun) G, O%nd | Wh,Corer,)(dpsor, T ur)Gie
O | wh,Cveny) (dray* TAury) G, OSenid | Wh,Cern)(drsoPurs)Fyp
085O | (W], Cer)(drso T up) G, OLear (v[,CotPer,)(drsurs) Fup
O8I | (v, Cotrer, ) (LT up) G, OB | (WL, ComMer,)(drsorpure) F,P
Ol(lleﬂ%) (VIT,,C’Y“@RT)(JL57PULt)Fup Oﬁ’;‘? (VEPCJWVLT)(éRSeLt)FW
Oif# (vi,Cy"ery) (dLsyPure)Fp Oﬁffg (v, Cot?vr,) (ursTAur) G,
OLER | (W] Cytens) (drsy ure) Fup 0TS (v1,Covr,) (psure) Fyup
Oiﬁl@) (VL,C"err) (drs¥ ure) Fp Oﬁdgg (v),Cot v, ) (drsT4dL) G,
S | (w],Cern)(dLso uns) Fp 03] (L, Cov1,) (dred i) Fp
oS (vi,CotPer,)(drsurs) Fup

L OUTS) | (] Comoun)Ersen)Fyy |
OLED | (v, Corove,) (psTAur) G,
OWED | (Wl ,Comvr,) (@psune) Fyp
O%nd) | (v, Co vy, ) (dpsTAdr) G,
oLy | (wl,Comvr,)(drsdre)Fyp

AL =4:9*X; +h.c.

oy | 01, cvin 01,000 E,,

Table 16. The dimension-8 LEFT operators of class ¥*X with AB = 0 and AL # 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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AL =2 242, D? + h.c. AL =2 2 D? + h.c.

055, (D*v] CDyvy)(Ersent) orss), (D*v] CDyery)(drsurs)
(’)](/12‘52%2 (D"'u CD,vi,)(trsupe) (’)](,ifdsl),z (DMVZPCDpeLr)(JRSU“"’uM)
o5, (D] CDyvry)(dLsdpe) oCTD, | (v],Com D er,)(Dadrsoupure)
Oleine | D, 2OV err) Dy(drsvure) o5, (D"v],CDyviy)(€rsert)
oD, | wl,o D peRr)(dLs%HpuLt) 0550, (DuerpyCDyvLy)(v] 0t ers)
OLetipe | DPL,Cv ern)Dyldroyuum) OG5 (D*vf,CDuvir)(Upsure)
Ol(lilfllgz (VL CV#DP@RT)(dR%’YquURt) 0(1 SzTD)z (DptrapCD,viy) (v otPu,)
Oiifd%)? (D*v[,CDuerr)(dLstun) O,(gism (D*vf,CDuvr)(dRrsdrs)
085D | (D, CDpers)(drso™ ury) OLSM, | (DudrapCD,vr,) (V] ,0PdS,)
Oii’esst)z (DHZ/EPCDI;VLT)(engﬂpeRf) O(i’i%Z (D“éR,,CDMVLT)(VZSeLt)
Ofiipe | (Durf,CDwr) (uLso " ur:) Ofiuipe | (DMipapCDuver)(vEug,)
OGS0 | (Dur],CDyvr)(dLso dry) oL, (D#dpapCD,viy) (v],d2,)
AL =4 ¢4 D? 4 h.c.

Ope | (0"],COr) (] Crir)

Table 17. The dimension-8 LEFT operators of class ¢*D? with AB = 0, AL # 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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B.6 AB#0, AL #0

AB=AL=1:92¢%D?+h.c. AB=AL=1:9D?+th.c.
01(1252?)2 €apy (D" VzpCD#rd%r)(d%I Cup,) Oii(f?%? €apy (D" VngDud%T)(dg Cuy,)
OS;:??JB? eaﬁv(DuVLTpCDPd%r)(dgsr CotPup,) 022,232 Euﬁ’Y(Due}zrpCDﬂu%r)(ugl—cht)
01%52732 eaﬂv(DMVEpCDPU%r)(dgzcaﬂpd?%t) 022’553)2 Eaﬁv(DﬂengDu“aRr)(ugICdY%)
Olmips | €asr(Drel,CDug,) (uh Cdly) OSuine| €apy(DMV],CDuug, ) (d7] CdY,)
O8iins | asy (DPef,CDu, ) (U] Cdl,) O | apy(Dur,CDyd3,)(d] ] Caren],)
Oi’g}g? €apy (D#ezpCDp“%r) (u}ﬁg CotPdy,) 021‘232 €apy (DuezpCDud%r) (uil— Cuy,)
Oéi’iTBQ €afy (DuengDpU%r)(ug CUWdZt) Oéi’l’SdYg? €aBy (DMeIpCDPu%7') (uﬁj CU‘”’dL)
Olviupe | €apr(Duel, CDydg, ) (uhy, Coul,) 08| eapy (Dl ek, CD,udg, ) (uhl Culy)
O | €asn (Dueh, CDyd3, ) (] Cotoul ) Ol e | €asn (Duek, CDufs,) (Wi Cordy,)
OLID | eapy (DPv],CDug, ) (dgt Cd},)

Olins | €asn (D e],CDudg,)(Wh Culy)
Oloups | €asn (D"ef,CDudgy,) (w]] Cul,)

Table 18. The dimension-8 LEFT operators of class ¢* D? with AB = AL = 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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AB=AL=1:92¢$%X;+h.c. AB=AL=1:¢%X;+h.c.
OL S0 | (T™)hespr (Vi Cds, ) (d) Cotoul, )Gy 08T | (T heasy (v, Cug, ) (d] ] Cot ul )G,
OCZ0 | (T™)easy (v, Cds, ) (dfy, Cotoul, )Gy, 08T | (1) 5easy (v, Cut,)(dy | Coted) )Gy,
OB | (T easy (v],Cus, ) (di, Ca™ d}, )Gl O | (T4 eaps(el,Cud, ) (d] ] CotPu) )G,
o0 e | (TM)aessn (v, Cords, ) (dh] Cul )Gyl o) (vi,Cuf, )] Co™u) ) Py
Ol 0 | (TM)eass (v, Coods, ) (d}y Cul, )G O s (wi,Cuf,)(di] Cot?d],)Fy,
0,(,:;;2 (TA)JﬁEQM(VT CUWULJ(dﬁRZCdE) OiideG) (TA)aeaM(echqu)(uLsC‘dezi)
ol (vi,Cds, ) (dh CotPul,) Fup 08T | (TM)heasy ek, Cul,) (ufhy Ca?d}, )G,
o) (vi,Cus, ) (d5] Cored},) Frup OS5I  (TM)easy (e],CdS,) (uf ] Cou} )G,
o) (vi,Cot dg, ) (d, Culy) Fup OWED | (T*)eaps(el,Cdf, ) (uf Ca“ﬁum
O | (T4 sy (€L, Cul,) (u) CotPd}, )Gt OS50 | (T easy (ehy CdSh, ) (gt CotPul, )G
O | () ass (ef,Cug, ) (ufht Coredy, )G;‘p O | (T eass (eh, Oy >(uRSOo“PuRt>Gﬁp
O8I | ()i espy (ekyCuy,) (uy ) CatPd], )G oLl (e1,C wm‘”cwm )Fup
O | (T4 easy (ehy,Cu, ) (W] Co*d] )G, o0 (ehpCu,) (U Cot?dY, ) Fup
OLST 1 (T™) easn (ehy Cdp, ) (ul ] Coou} )G, o3 (e1,Cd3, ) (u Tcaw’ 7 ) Fup
0G50 | (TN)heass (ef,Cds, ) (uf, cwpuna [ (chy Cdfe,) (wh! Co"Pul,) Fup
OIS | (T4 easy (eh,CotPug, ) (d] ] Cul )G,
OCTD | (T™)€ass (eL,CotPus, ) (. Cul, )Gyl
O8I | (™)) €asy (ekyCaPds, ) (uf | Cul )G,
OWTS | (T4 easy (e],Com ds, ) (ufy. Cuty )Gt
oD (eL,Cug,)(dps Co ul,) Fp
oD (ehpCufe,)(d] ] CotPul,) Fp
o5 (eEPCdﬁr)( L Cotu) ),
ol (eLpCds,) (uf CotPuy,) Fup
o) (ekp,CotPus; )(dfsC’uLt)Fup
Oiigii*) (eLpCo" ug, ) (dp; Cuke) Fup
o | WO ) Ay Ol Fy
o8y (erpCot?dsy, ) (uf ] Cul ) Fyp
Oii;:ii“) (eLp,Co**dg )(“RecuRt)FMp

Table 19. The dimension-8 LEFT operators of class ¥*X with AB = AL = 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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AB=—AL=1:92¢%Xy+h.c.
O s | (T4) sy Lpd%n(d“caﬂﬂm
O e | (TM)eas (Frpdss, ) ()] Cotou} )G,
Ogﬁc (TA)[RGMH( Lp“Rr)(dﬁTCUWdW )
O o | (T s (Frpoodsy,) (df] Cu}, )G,
01(751)2(120 (TA) EMH( LpotPdg )(dﬁTC 7)
O 2 | (TM)easy (FLpoPuss, ) (d7 ] Cd},)G:
Oz(’lz)d?F eaﬁw(VLder)(dBTCUW“Lt)F
O ap | €as(Tpusy,)(d]] Cared),)Fyy
Ol(-zi)dw eaﬁ'y(5Lp‘7“pd%r)(dﬂTCUu)F
Ol [(T)cam (@Lpds, ) (d]] Cared), )G,
Ol | (TM))eass (Erpotds, ) (dgy, O}, )G
08 | (TN eapy (ELpoteds, ) (d]] CdY, )G
O | (T eapy (Erpds, ) (dil Catod},) G
Oé;lF Eaﬁv(édechr)(dég Caupd}tt)Fuﬂ
OEZ?*F Eaﬁw(éLpd%r)(d[z: CU”pdzt)Fup
OWp | o P o AT CAL)Fy
08w | capy(Erpo*ds, ) (dpt Cdy) Frp
Oé?”*F €apy(€ Lzﬂ“ﬂd%r)(dngL)F
AB=—-AL=1:92¢%D?*+h.c.
Oé2d2D2 €a5v(DﬂﬂLpDud%r)(dﬁTC“Lf)
O(pzu)cﬁm Ealiv(DuDLle)d%r)(d[ZICU“pULt)
OIEP:L)dzDz faﬂv(DWLpru%T)(dQICG”’JdL)
Oé?SD? 60157(DuéLpDﬂd%r)(di;rCU#det)
Og)iiD2 Caﬁv(D;téRpDﬂd%r)(dgzcaupd%t)
OSipe | Capr (DM oL, Dy, )(d7] Cd],)
O pe | €apy(Drer,Duds,)(d]] Cd},)
Oéi)SD2 eaﬁ'y(D#éRpD/Ld%r)(d%:Cd}%t)

Table 20. The dimension-8 LEFT operators with AB = —AL =
this table have distinct Hermitian conjugates. The subscripts p,r, s,t are weak-eigenstate indices.

AB=—AL=1:41X,+h.c.
Oéz)d?c; (TA)ﬁeouiw(ﬂLpU(zl:zr)(dﬁTCUWUl7 )GA
O | (L) 6ot (PLpdsy, ) (A Coruy )G,
O | (T o (Prpo usy, ) (di O )Gl
OgﬁF €aﬁv(DLPU%r)(dﬂTCU”pd7 ) Epup
0,(7?(121«* eaﬂw(ﬂLPd%T)(dﬁTCUWURt)F
OGc | (T)acsp (ELpdsy,)(d Cot?dy, )G,
Olthe | (T e (Erpds, ) (d) Cor2d, )G,
OGar | Cosn(@Lpdiy, ) Ay Cor dy )
OégéF eaﬁv(éde%r)(dﬁTCU“pdw ) Eup
0% | (0 casn Erd ) E] Coredy )G,
Ol | (T jeasy (erypdf, ) (d) Cot?d) )G,

AB=—AL=1:¢!D?+h.c.
Ogﬁm Eaﬁv(DMDLpDud%r)(dmcuRf)
O(;;)dQDZ Eaﬁv(DHDLPD;LU%T)(d%ICdYa)
Ogjﬁm Gaﬁv(D/LDLprd%zr)(d%ICU“pUYQt)
Oéz)SDZ’ 6aﬁ7(D“éLpDud%r)(dgser}gt)
Ofhpe | casy(D @Ry Dyds,)(d7, Cdj,)

1.

Operators below the dashed lines vanish when there is only one generation of fermions.
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