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The relativistic chiral Lagrangians for both spin-1
2
and spin-3

2
doubly charmed baryons are constructed up

to the order Oðp4Þ. From Oðp2Þ to Oðp4Þ, there are 19, 74, and 452 independent terms in the two-flavor
case and 25, 112, and 864 independent terms in the three-flavor case. The chiral Lagrangians in the heavy
diquark limit are also obtained. From Oðp2Þ to Oðp4Þ, there are 7, 23, and 118 independent terms in the
two-flavor case and 8, 31, and 189 independent terms in the three-flavor case. We present the low-energy
constant relations between the relativistic case and the case in the heavy diquark limit up to the order
Oðp3Þ. With the heavy diquark-antiquark symmetry, the low-energy constant relations between the doubly
charmed baryon case and the heavy-light meson case are also obtained up to the order Oðp3Þ.
DOI: 10.1103/PhysRevD.108.014032

I. INTRODUCTION

Heavy quark baryons play an important role in hadron
physics and the study of their properties may deepen our
understanding of QCD. Their spectra are tightly related to
the nonperturbative effects of QCD [1]. Until now, all types
of singly heavy baryons have been observed [2] while only
one doubly heavy baryon Ξþþcc is reported by two experi-
ments, SELEX [3] and LHCb [4]. Although the SELEX
Collaboration claimed the observation of Ξþcc with mass
3519� 1 MeV [5], other measurements from FOCUS [6],
BABAR [7], Belle [8], and LHCb [9] did not confirm
this result. For the mass of the Ξcc baryon, the LHCb
Collaboration obtains a value about 100 MeV higher than
the SELEX Collaboration. The puzzle for the mass incon-
sistency needs more studies to solve.
The observation of Ξþþcc in the LHCb experiment

inspired lots of discussions on the properties about
doubly charmed baryons. Various theoretical approaches
were adopted in the discussions, such as chiral perturba-
tion theory (ChPT), QCD sum rule, lattice QCD, and
heavy quark effective theory. Some properties of spin-1

2

and spin-3
2
doubly charmed baryons have been explored

extensively, like the mass spectra [10–12,12–22], electro-
magnetic properties [23–32], weak and strong decay

properties [33,34,34,35,35–52], and so on. Here, we would
like to discuss the chiral Lagrangians in studying the
properties of doubly charmed baryons in ChPT.
As an effective theory of QCD, ChPT provides an

alternative approach to deal with strong interactions over
long distances [53–55]. It is a powerful tool in studying
low-energy processes involving pions. In ChPT, the eight
low-lying pseudoscalar mesons are treated as the Goldstone
bosons generated by spontaneous breaking of chiral
symmetry of QCD. These mesons instead of the compli-
cated quarks and gluons mediate the interactions between
hadrons. Only the pseudoscalar mesons were initially
incorporated in the framework. Later, various ChPTs
including baryons were developed [56–60].
In ChPT, the chirally invariant Lagrangian is the most

basic premise for practical applications. For a theoretical
study, in principle, more higher-order chiral Lagrangians
are involved, and therefore more precise results would be
obtained. However, with the increase of chiral order, the
number of independent interaction terms and the corre-
sponding unknown low-energy constants (LECs) would
become considerable. These LECs cannot be determined
by ChPT itself. Even worse, they are also hard to be
obtained in other ways. This makes it quite difficult to work
with high-order chiral Lagrangians. In order to solve this
problem to some extent, available approximate symmetries,
e.g. heavy quark symmetry and heavy diquark-antiquark
symmetry [61,62], could be introduced to constraint the
number of LECs or to give some approximate LEC
relations. The present study will involve such symmetries.
Of the six flavor quarks in QCD, three light quarks are

below the scale of the chiral symmetry breaking,
Λχ ∼ 1 GeV. The charm quark is above Λχ and its mass
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Mc is much larger than those of light quarks (Mq) as well as
the scale ΛQCD ∼ 200 MeV. Then, the ratios Mq=Mc

and ΛQCD=Mc are both considered small enough. In the
extreme limit Mc → ∞, both Mq=Mc and ΛQCD=Mc

could be ignored and the heavy quark symmetry of QCD
appears [63,64]. In this limit, the dynamics of the considered
hadronmay not be affected by the change of the heavy quark
flavor (spin), which corresponds to the heavy quark flavor
(spin) symmetry. For the doubly charmed baryons we are
considering, one may assume that the two charm quarks
form a compact heavy diquark with spin ¼ 1. We will use
heavy diquark limit to denote the case that the mass of the
diquark does not affect the dynamics of the doubly charmed
baryon [62].
With the chiral Lagrangians, many properties of doubly

charmed baryons have been studied in the literature, e.g.
their masses [18,22,65], magnetic moments [23,25,31],
and electromagnetic form factors [24,26]. At present,
most studies involve the low-order Lagrangians. Parts of
high-order chiral Lagrangians are given in a few studies on
some specific problems [22–26,29]. Recently, the chiral
Lagrangian for spin-1

2
doubly charmed baryons in the three-

flavor case has been constructed up to the orderOðp4Þ [66].
In the present work, for considerations to complete the
necessary ingredient of one-loop level investigations, to
check convergence of chiral expansion better, to motivate
future LEC studies, and so on, we construct the relativistic
chiral Lagrangian involving both spin-1

2
and spin-3

2
doubly

charmed baryons up to the order Oðp4Þ. In principle, when
one determines the values of LECs from experimental data,
all the operators should be independent. Otherwise, the
overfitting problem would appear. The Lagrangians given
in the present study will be minimal and the terms will be
independent. Besides the relativistic case, we will also
consider Lagrangians in the heavy diquark case. In that
case, the spin-1=2 and spin-3=2 baryons can be put into a
superfield and some LEC relations can be obtained.
This paper is organized as follows. Section II introduces

the building blocks in constructing the chiral Lagrangians
for doubly charmed baryons. In Sec. III, the properties of
the building blocks, the needed linear relations, and the
procedure to get the relativistic and nonrelativistic forms of
Lagrangians are given. In Sec. IV, we discuss how to find
constraints on LECs with the heavy quark symmetry from
different Lagrangians. Section V shows our results and
some discussions, and Sec. VI gives a short summary.

II. DEFINITIONS AND BUILDING BLOCKS

This section presents the definitions related with pseu-
doscalar Goldstone boson fields, external sources, and
doubly charmed baryons in both relativistic and non-
relativistic forms. One may find more relevant details in
Refs. [22,23,54,55,67–74].

A. Goldstone boson fields and external sources

Considering the lightest Nf-flavor quarks (Nf ¼ 2 or 3),
one may write the related QCD Lagrangian with external
sources as

L ¼ L0
QCD þ q̄ð=vþ =aγ5 − sþ ipγ5Þq; ð1Þ

where L0
QCD is the original QCD Lagrangian and q denotes

the light quark fields. Here, s, p, vμ, and aμ are scalar,
pseudoscalar, vector, and axial-vector external sources,
respectively. In this work, the tensor source and the θ term
are not considered. The external source aμ is always
traceless, but vμ is not. To consider the electromagnetic
interactions, vμ is taken to be traceable in the relativistic
case. In the heavy diquark limit, it is traceable (traceless) in
the SUð2Þ [SUð3Þ] case because the heavy diquark is just a
spectator and the electromagnetic interaction is mainly
determined by the light quark.
When the light quarks are taken to be massless, QCD

exhibits a global SUðNfÞL × SUðNfÞR chiral symmetry, but
it spontaneously breaks into SUðNfÞV because of the non-
vanishing quark condensate hq̄qi. The generated ðN2

f−1Þ
Goldstone bosons are considered to be the lowest pseudo-
scalar pion mesons. These mesonic fields are collected
in the nonlinear representation u ¼ expðiπjτj=2F0Þ or
u ¼ expðiπjλj=2F0Þ where F0 is the pion decay constant
in the chiral limit, τj (j ¼ 1,2,3) are the Paulimatrices, and λj

(j ¼ 1; 2;…; 8) are the Gell-Mann matrices. As the basic
ingredient of ChPT, u has the chiral transformation behavior

u → gLuh† ¼ hug†R; ð2Þ

where gL and gR are the group elements of SUðNfÞL and
SUðNfÞR, respectively, and h is a compensator field related
to the pion fields.
The necessary building blocks in constructing the chiral

Lagrangians are combinations of the mesonic fields and the
external sources. The conventional choice of their explicit
forms reads

uμ ¼ ifu†ð∂μ − irμÞu − uð∂μ − ilμÞu†g;
hμν ¼ ∇μuν þ∇νuμ;

fμνþ ¼ uFμν
L u† þ u†Fμν

R u;

fμν− ¼ uFμν
L u† − u†Fμν

R u ¼ −∇μuν þ∇νuμ;

χ� ¼ u†χu† � uχ†u; ð3Þ

where rμ ¼ vμ þ aμ, lμ ¼ vμ − aμ, Fμν
R ¼ ∂

μrν − ∂
νrμ−

i½rμ; rν�, Fμν
L ¼ ∂

μlν − ∂
νlμ − i½lμ; lν�, and χ¼2B0ðsþ ipÞ

with B0 being a constant related to the quark condensate.
The covariant derivative of a building block X is defined by

∇μX ¼ ∂
μX þ ½Γμ; X�; ð4Þ
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Γμ ¼ 1

2
fu†ð∂μ − irμÞuþ uð∂μ − ilμÞu†g: ð5Þ

The chiral dimension of ∇μ is one in ChPT. All the defined
building blocks have the same behavior under the chiral
rotation R,

X →
R
X0 ¼ hXh†: ð6Þ

B. Doubly charmed baryons

The spin of an S-wave doubly charmed baryon contain-
ing two charmed quarks and one light quark may be 1=2 or
3=2. Then the doubly charmed baryons belong to two
triplets in the three-flavor case,

B ¼

0
B@

Ξþþcc
Ξþcc
Ωþcc

1
CA; Tμ ¼

0
B@

Ξ�þþcc

Ξ�þcc
Ω�þcc

1
CA; ð7Þ

where B and Tμ denote the spin-1
2
and spin-3

2
fields,

respectively. Only the Ξð�Þcc states are needed if one con-
siders the two-flavor case. The covariant derivative of a
baryon field and its Dirac conjugate are

DμB̃ ¼ ð∂μ þ ΓμÞB̃; Dμ ¯̃B ¼ ¯̃Bð ∂ μ þ Γμ†Þ; ð8Þ

where B̃ ¼ B or Tν. If more than one covariant derivatives
act on B̃, a totally symmetrical derivative is introduced

Dμν…ρ ≡ 1

n!
ðDμDν � � �Dρ|fflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflffl}

n

þ full permutation ofD’sÞ: ð9Þ

Any antisymmetrical derivative is related to the higher-
order contributions [72]. The chiral rotations of the baryon
fields (and their derivatives) are

B̃ →
R
B̃0 ¼ hB̃; ¯̃B →

R ¯̃B0 ¼ ¯̃Bh†: ð10Þ

In the heavy diquark limit, a doubly charmed baryon
with velocity vμ [75] can be simply separated into a heavy
diquark component and a light degree of freedom
component. The diquark behaves just like a static color
source for the light component and the suppression for
the spin interaction between the diquark and the light
component results in the degenerate B and Tμ. In this
situation, the heavy diquark symmetry exists and one
may put the spin-1

2
and spin-3

2
baryon fields into a super-

field ψμ [62],

ψμ ¼ Tμ þ
ffiffiffi
1

3

r
ðγμ þ vμÞγ5B; ð11Þ

ψ̄μ ¼ T̄μ −
ffiffiffi
1

3

r
B̄γ5ðγμ þ vμÞ: ð12Þ

Here, B and Tμ as nonrelativistic fields only contain the
annihilation operators. It is obvious that the chiral rotation

behaviors of ψμ and ψ̄μ are the same as B̃ and ¯̃B,
respectively. In order to modify the energy measure, the
superfield is scaled by e−iMv·x with M being the doubly
charmed baryon mass. Hence, in the heavy diquark limit,
the covariant derivative on matter field becomes

DμψνðxÞ ¼ −iMvμψνðxÞ: ð13Þ

III. CONSTRUCTION OF CHIRAL LAGRANGIANS
FOR DOUBLY CHARMED BARYONS

The basic procedure to construct the chirally invariant
Lagrangians for doubly charmed baryons is as follows.
First, the structures of the chiral Lagrangians are intro-
duced. Second, the necessary properties of the building
blocks are given. One constructs all possible terms based on
such properties. Third, all linear relations to reduce the
number of Lagrangian terms are listed. Finally, the linearly
dependent terms would be eliminated and the independent
ones are retained.

A. Structures of Lagrangians

The relativistic chiral Lagrangian L for doubly charmed
baryons contains terms involving only spin-1

2
baryons,

those involving only spin-3
2
baryons, and those involving

both spin-1
2
and spin-3

2
baryons. We use LBB, LTT , and LBT

to represent these three sectors of interaction terms,
respectively. That is,

L ¼ LBB þ LTT þ LBT

¼
X
n

EnB̄ � � �Bþ
X
m

EmT̄ � � �T

þ
X
p

EpðB̄ � � �T þ T̄ � � �BÞ; ð14Þ

where En, Em, and Ep are LECs and the symbol “� � �”
represents the allowed combinations of building blocks. If
the trace of a combination X in the flavor space is necessary,
it will be denoted as hXi. To keep the hermiticity of L, there
would exist some appropriate coefficients �i in “� � �”.
In the heavy diquark limit, the Lagrangian has the

structure

LH ¼
X
n

Fnψ̄
μ � � �ψμ ð15Þ

where Fn are LECs.
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B. Properties of building blocks

The chiral Lagrangian should be invariant under the parity
transformation, charge conjugation, and Hermitian conju-
gation. Table I shows the transformation behaviors of the
building blocks about mesons and external sources. Table II
presents those of the Clifford algebra, the velocity of doubly
charmed baryons, Levi-Civita tensor, and the covariant
derivatives acting on baryons. With these transformation
properties, all the constructed terms would have the struc-
tures shown in Eqs. (14) and (15). In Table II, we only show
the transformation signs. Some explanations are as follows.
Under the parity transformation, one has

B→
P
γ0B; Tμ →

P
− γ0Tμ: ð16Þ

For convenience in the Lagrangian construction, we omit the
minus sign in the second transformation and compensate it
in the transformations of the five Clifford algebra elements
and the antisymmetric tensor ϵμνλρ. That is why we distin-
guish the transformations between LBT and LBBðTTÞ in
Table II. Moreover, we use a convention that the covariant
derivatives inLBB andLTT of Eq. (14) act on the right baryon
field B̃, but those in LBT act only on the spin-3=2 field Tμ

or T̄μ. Therefore, the properties of covariant derivatives
in LBBðTTÞ and LBT may also be different. However, the

convention difference has no impact on the construction of
LBT . The related properties forLH in Eq. (15) are the same as
those for LTT.
With these tables, a complete set of interaction terms can

be obtained. However, these constructed terms are not
always linearly independent. The next subsection will list
all possible linear relations with which the redundant terms
can be eliminated.

C. Linear relations

The linear relations in the construction of effective
Lagrangians have been discussed widely. We here just
give a short description of them. More details can be found
in Refs. [66,68–70,72,76].

1. Partial integration

A derivative acting on any Lagrangian term does not
affect the physics. Therefore, the covariant derivative acting
on one baryon field can be changed to that acting on the
other one, which induces a high-order difference, i.e.

0 ≐ B̄D⃖νXBþ B̄XDνB; ð17Þ

0 ≐ T̄μD⃖νXTμ þ T̄μXDνTμ; ð18Þ

0 ≐ B̄D⃖νXTμ þ B̄XDνTμ; ð19Þ

0 ≐ T̄μD⃖νXBþ T̄μXDνB; ð20Þ

where X denotes any possible combination of the building
blocks and “≐” means that the higher-order terms are
ignored. We will use the first two relations to move the
positions of covariant derivatives. The third and fourth
relations will not give any new constraints in the
present work.

2. Schouten identity

The Schouten identity involves the four-dimension
Levi-Civita tensor,

ϵμνλρAσ−ϵσνλρAμ−ϵμσλρAν−ϵμνσρAλ−ϵμνλσAρ¼0; ð21Þ

where A can be any building block containing at least one
Lorentz index. This relation exists because the five indices
in the equation are antisymmetric, but the dimension of the
spacetime is four.

3. Equations of motions

The equations of motions (EoMs) for the light pseudo-
scalar mesons and the doubly charmed baryons read

∇μuμ ≐
i
2

�
χ− −

1

Nf
hχ−i

�
; ð22Þ

TABLE I. Chiral dimension (Dim), parity transformation (P),
charge conjugation (C), and Hermiticity (H.c.) of the building
blocks.

Dim P C H.c.

uμ 1 −uμ ðuμÞT uμ

hμν 2 −hμν ðhμνÞT hμν

χ� 2 �χ� ðχ�ÞT �χ�
fμν� 2 �fμν� ∓ðfμν� ÞT fμν�

TABLE II. Chiral dimension (Dim), parity transformation (P),
charge conjugation(C), and Hermiticity (H.c.) of the Clifford
algebra, the velocity of doubly charmed baryons, Levi-Civita
tensor, and the covariant derivatives acting on baryons. The
subscripts BB, TT, and BT represent LBB, LTT , and LBT ,
respectively.

Dim PBBðTTÞ CBBðTTÞ H:c:BBðTTÞ PBT CBT H:c:BT

1 0 þ þ þ − þ þ
γ5 1 − þ − þ þ −
γμ 0 þ − þ − − þ
γ5γ

μ 0 − þ þ þ þ þ
σμν 0 þ − þ − − þ
vμ 0 þ − þ þ − þ
ϵμνλρ 0 − þ þ þ þ þ
DμB̃ 0 þ − − þ þ þ
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ði=D −mTÞTμ ≐ 0; ð23Þ

ði=D −mBÞB ≐ 0: ð24Þ

For the spin-3=2 fields, two subsidiary conditions are
needed to eliminate the redundant degrees of freedom,

DμTμ ≐ 0; ð25Þ

γμTμ ≐ 0: ð26Þ

In the heavy diquark limit, one has

vμψμ ¼ 0; ð27Þ

=vψμ ¼ ψμ: ð28Þ

4. Covariant derivatives and Bianchi identity

The commutation of two covariant derivatives gives

½∇μ;∇ν�X ¼ ½Γμν; X�; ð29Þ

Γμν ¼ 1

4
½uμ; uν� − i

2
fμνþ : ð30Þ

The Bianchi identity involving Γμν reads

∇μΓνλ þ∇νΓλμ þ∇λΓμν ¼ 0: ð31Þ

An alternative form with building blocks is more useful,

∇μfνλþ þ∇νfλμþ þ∇λfμνþ þ
i
2
½uμ; fνλ− �

þ i
2
½uν; fλμ− � þ

i
2
½uλ; fμν− � ¼ 0: ð32Þ

5. Cayley-Hamilton relations

All the building blocks in Sec. II A are Nf × Nf matrices
in the flavor space. For any 2 × 2 matrices A and B, there
exists a relation

ABþ BA − AhBi − BhAi − hABi þ hAihBi ¼ 0: ð33Þ

For any 3 × 3 matrices A, B, and C, the relation is

0¼ABCþACBþBACþBCAþCABþCBA

−ABhCi−AChBi−BAhCi−BChAi−CAhBi
−CBhAi−AhBCi−BhACi−ChABi− hABCi
− hACBiþAhBihCiþBhAihCiþChAihBi
þhAihBCiþhBihACiþhCihABi− hAihBihCi: ð34Þ

6. Contact terms

For contact terms, the LR basis is more convenient for
the Lagrangian construction. From the building blocks in
Eq. (3), one gets

Fμν
L ¼

1

2
u†ðfμνþ þ fμν− Þu; ð35Þ

Fμν
R ¼

1

2
uðfμνþ − fμν− Þu†; ð36Þ

χ ¼ 1

2
uðχþ þ χ−Þu; ð37Þ

χ† ¼ 1

2
u†ðχþ − χ−Þu†: ð38Þ

Their transform properties can be found in Table I
of Ref. [68].

IV. RELATIONS BETWEEN LECs
IN DIFFERENT CASES

In the heavy diquark limit, the LECs in the relativistic
Lagrangian are no longer independent. Some relations
among these LECs appear. With these relations, the number
of independent relativistic LECs could be reduced. A
method to obtain these relations is to compare the relativ-
istic Lagrangian with the Lagrangian in the heavy diquark
limit. To remove the dimensions in the results and to
simplify the forms of the relations, we define a new set of
terms and LECs in the relativistic Lagrangians as follows,

Õn ¼ On=Mr; Ẽn ¼ EnMr; ð39Þ
where r is the number of covariant derivatives acting on the
doubly charmed baryons. Now, all the Ẽn’s have the same
dimension at a given order.
There are three types of Lorentz structures in the

constructed terms of Eq. (15). With the definition of the
superfield ψμ in Eq. (11), one gets

ψ̄μψμ → T̄μTμ − B̄B; ð40Þ

ψ̄μγ5γ
λψμ → T̄μγ5γ

λTμ þ
1

3
B̄γ5γλBþ

2ffiffiffi
3
p T̄λBþ 2ffiffiffi

3
p B̄Tλ;

ð41Þ

ψ̄μσλρψμ → T̄μσλρTμ þ
1

3
B̄σλρB −

2iffiffiffi
3
p B̄γ5γρTλ

þ 2iffiffiffi
3
p B̄γ5γλTρ þ 2iffiffiffi

3
p T̄λγ5γ

ρB −
2iffiffiffi
3
p T̄ργ5γ

λB:

ð42Þ
The right-hand side expansions imply the possible LEC
relations in the relativistic Lagrangians. Substituting the
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above structures into Eq. (15) and comparing the relativistic
and nonrelativistic terms, one can express the relations
between Ẽm and Fn as

Fn ¼
X
m

ẼmAmn: ð43Þ

The number of Fn (NF) is less than the number of Ẽm (NE).
Hence, these relations give NE − NF constraint conditions
among Ẽm in the heavy diquark limit. With the help of
linear algebra, one can pick up the independent relativistic
LECs and eliminate the dependent ones. In this paper, we
only consider the relations up to the order Oðp3Þ, which is
restricted by computational conditions.
If one treats the heavy diquark as a compact object, the

properties of the doubly charmed baryons can be related to
those of the singly heavy mesons, which is the result of the
heavy diquark-antiquark symmetry [77]. This symmetry
then tells us that the doubly charmed baryons and heavy-
light mesons with quark content Q̄q share the same LECs
in ChPT [62]. In Ref. [78], we have obtained the chiral
Lagrangian for heavy-light mesons with quark content Qq̄
and the LEC relations in the heavy quark limit in that case.
Noticing the charge-conjugation transformations for build-
ing blocks and superfields, one can understand that the
LECs in Qq̄ and Q̄q cases are the same. Now, the LEC
relations between the doubly charmed baryon case and the
heavy-light meson case could also be obtained by linear
algebra.

V. RESULTS AND DISCUSSIONS

Now, we are ready to present the final results for the
independent chiral-invariant terms. The details to get such
terms are almost the same as those given in Refs. [74,76,79]
and we do not talk about them any more. Here, the
Lagrangians are expressed as

LðmÞ ¼
X
n

EðmÞn OðmÞn ¼
X
n

ẼðmÞn ÕðmÞn ; Nf ¼ 3; ð44Þ

LðmÞ ¼
X
n

eðmÞn oðmÞn ¼
X
n

ẽðmÞn õðmÞn ; Nf ¼ 2; ð45Þ

LðmÞH ¼
X
n

FðmÞn PðmÞn Nf ¼ 3; ð46Þ

LðmÞH ¼
X
n

fðmÞn pðmÞn Nf ¼ 2; ð47Þ

where m denotes the chiral dimension.

A. Oðp1Þ order
The relativistic result at the order Oðp1Þ is [23]

Lð1Þ ¼ B̄ði=D −m1ÞBþ T̄μ½gμνði=D −m2Þ

þ iAðγμDν þ γνDμÞ þ
i
2
ð3A2 þ 2Aþ 1Þγμ=Dγν

þm2ð3A2 þ 3Aþ 1Þγμγν�Tν þ E1

2
B̄uμγ5γμB

þ E2

2
T̄μuλγ5γλTμ þ

E3

2
ðB̄uμTμ þ H:c:Þ; ð48Þ

where A ≠ 1=2 is an unphysical parameter and it is usually
taken to be A ¼ −1. Generally speaking, the Lagrangian
for spin-3=2 fields is invariant under the“point” or “con-
tact” transformation and the relations between different
choices of A can be found [76]. Sine the value of A does not
affect the structure of chiral Lagrangians, we do not discuss
more about it here. The Lagrangian at the leading order in
the heavy diquark limit reads [62]

Lð1ÞHQ ¼ ψ̄νivμDμψ
ν −

1

2
gψ̄νuλγ5γλψν: ð49Þ

For the relations between these LECs, one gets [62]

E1 ¼
1

3
E2 ¼

1

2
ffiffiffi
3
p E3 ¼ −

1

3
g: ð50Þ

B. Oðp2Þ order
The interaction terms of Oðp2Þ relativistic Lagrangian

are collected in Table III. The first column lists the forms of
independent terms. The second and sixth columns label the
number for each term in the SUð2Þ and SUð3Þ cases,
respectively. The terms without a number in the SUð2Þ case
mean that they are not independent. If one takes no account
of the electromagnetic effect, the terms containing hfμνþ i
could be ignored. The third and the seventh columns show
the relations between the relativistic LECs and the LECs in
the heavy diquark limit. To assign the independent terms in
the relativistic Lagrangian, we put a symbol “I” in the forth
and eighth columns. These two columns also present the
relations of the dependent LECs to the independent ones.
The fifth and ninth columns give the LEC relations in the
heavy diquark-antiquark symmetry, where c̃ and C̃ defined
in Ref. [78] are LECs for heavy-light mesons. We show the
Oðp2Þ Lagrangian terms for the superfield ψμ in Table IV.
From Table III, the numbers ofOðp2Þ terms in LBB, LTT ,

and LBT in the SUð2Þ case are 7, 8, and 4, respectively.
Those in the SUð3Þ case are 9, 11, and 5, respectively. From
Table IV, the heavy diquark symmetry reduces significantly
the total number of independent terms from 19 (25) to be
7 (8) in the SUð2Þ [SUð3Þ] case.
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C. Oðp3Þ and Oðp4Þ orders
The numbers of interaction terms are large at

the Oðp3Þ and Oðp4Þ orders. We list the third- and
fourth-order results in Appendixes A and B, respectively.
Table VI (Table VII) in Appendix A is for the Oðp3Þ
relativistic (nonrelativistic) terms. Since the LEC relations
may be long, part of them are given outside the Table VI.
The Oðp4Þ relativistic (nonrelativistic) Lagrangian terms
are shown in Table VIII (Table IX) in Appendix B. In
Table VIII, we only label the number for each term
and mark the independent terms in the heavy diquark
limit.

From Table VI, the numbers of Oðp3Þ terms in LBB,
LTT , and LBT in the SUð2Þ case are 23, 26, and 25,
respectively. Those in the SUð3Þ case are 33, 38, and 41,
respectively. From Table VII, the heavy diquark symmetry
reduces significantly the total number of independent terms
from 74 (112) to be 23 (31) in the SUð2Þ [SUð3Þ] case.
From Table VIII, the numbers of Oðp4Þ terms in LBB,

LTT , and LBT in the SUð2Þ case are 118, 154, and 180,
respectively. Those in the SUð3Þ case are 216, 304, and 344,
respectively. From Table IX, the heavy diquark symmetry
reduces significantly the total number of independent terms
from 452 (864) to be 118 (189) in the SUð2Þ [SUð3Þ] case.

TABLE III. Independent terms in the relativistic Lagrangian at the order Oðp2Þ. The columns 2, 3, 4, and 5 (6, 7, 8, and 9) are for the
two-flavor (three-flavor) case. Columns 2 and 6 label the number for each term. The terms without a number are not independent.
Columns 3 and 7 list the relations between LECs in the relativistic case and those in the heavy diquark limit. Columns 4 and 8 show the
LEC relations among different terms in the relativistic case by using the heavy diquark symmetry. “I”means that the term is chosen as an
independent term in the heavy diquark limit. Columns 5 and 9 give the LEC relations with the help of the heavy diquark-antiquark
symmetry, where c̃ and C̃ are LECs in the heavy-light meson case. Such LECs are defined in Ref. [78]. “0” means that the LECs in the
heavy diquark limit vanish.

On=on SUð2Þ ẽð2Þn ẽð2Þn ẽð2Þn SUð3Þ Ẽð2Þn Ẽð2Þn Ẽð3Þn

B̄huμuμiB 1 −fð2Þ1
I 1

4
c̃ð2Þ1

1 −Fð2Þ1
I 1

2
C̃ð2Þ3

B̄huμuνiDμνB 2 fð2Þ2
I 1

4
c̃ð2Þ2

2 Fð2Þ2
I 1

2
C̃ð2Þ4

B̄uμuμB 3 −Fð2Þ3
I 1

2
C̃ð2Þ1

B̄uμuνDμνB 4 Fð2Þ4
I 1

2
C̃ð2Þ2

iB̄uμuνσμνB 3 1
3
fð2Þ3

I − 1
6
c̃ð2Þ5

5 1
3
Fð2Þ5

I − 1
6
C̃ð2Þ7

B̄hfþμνiσμνB 4 1
3
fð2Þ4

I 1
12
c̃ð2Þ10

6 0 0 0

B̄fþμνσμνB 5 1
3
fð2Þ5

I 1
12
c̃ð2Þ9

7 1
3
Fð2Þ6

I 1
12
C̃ð2Þ14

B̄hχþiB 6 −fð2Þ6
I 1

2
c̃ð2Þ4

8 −Fð2Þ7
I 1

2
C̃ð2Þ6

B̄χþB 7 −fð2Þ7
I 1

2
c̃ð2Þ3

9 −Fð2Þ8
I 1

2
C̃ð2Þ5

T̄μhuμuνiTν 8 fð2Þ3 3ẽð2Þ3 − 1
2
c̃ð2Þ5

10 0 0 0

T̄μhuνuνiTμ 9 fð2Þ1 −ẽð2Þ1 − 1
4
c̃ð2Þ1

11 Fð2Þ1 −Ẽð2Þ1 − 1
2
C̃ð2Þ3

T̄μhuνuλiDνλTμ 10 −fð2Þ2 −ẽð2Þ2 − 1
4
c̃ð2Þ2

12 −Fð2Þ2 −Ẽð2Þ2 − 1
2
C̃ð2Þ4

T̄μuμuνTν 11 −2fð2Þ3 −6ẽð2Þ3 c̃ð2Þ5
13 −Fð2Þ5 −3Ẽð2Þ5

1
2
C̃ð2Þ7

T̄μuνuμTν 14 Fð2Þ5 3Ẽð2Þ5 − 1
2
C̃ð2Þ7

T̄μuνuνTμ 15 Fð2Þ3 −Ẽð2Þ3 − 1
2
C̃ð2Þ1

T̄μuνuλDνλTμ 16 −Fð2Þ4 −Ẽð2Þ4 − 1
2
C̃ð2Þ2

iT̄μhfþμνiTν 12 2fð2Þ4 6ẽð2Þ4
1
2
c̃ð2Þ10

17 0 0 0

iT̄μfþμνTν 13 2fð2Þ5 6ẽð2Þ5
1
2
c̃ð2Þ9

18 2Fð2Þ6 6Ẽð2Þ6
1
2
C̃ð2Þ14

T̄μhχþiTμ 14 fð2Þ6 −ẽð2Þ6 − 1
2
c̃ð2Þ4

19 Fð2Þ7 −Ẽð2Þ7 − 1
2
C̃ð2Þ6

T̄μχþTμ 15 fð2Þ7 −ẽð2Þ7 − 1
2
c̃ð2Þ3

20 Fð2Þ8 −Ẽð2Þ8 − 1
2
C̃ð2Þ5

B̄huμuνiγ5γμTν þ H:c: 16 2ffiffi
3
p fð2Þ3 2

ffiffiffi
3
p

ẽð2Þ3 − 1ffiffi
3
p c̃ð2Þ5

21 0 0 0

B̄uμuνγ5γμTν þ H:c: 17 − 4ffiffi
3
p fð2Þ3 −4

ffiffiffi
3
p

ẽð2Þ3
2ffiffi
3
p c̃ð2Þ5

22 − 2ffiffi
3
p Fð2Þ5 −2

ffiffiffi
3
p

Ẽð2Þ5
1ffiffi
3
p C̃ð2Þ7

B̄uμuνγ5γνTμ þ H:c: 23 2ffiffi
3
p Fð2Þ5 2

ffiffiffi
3
p

Ẽð2Þ5 − 1ffiffi
3
p C̃ð2Þ7

iB̄hfþμνiγ5γμTν þ H:c: 18 4ffiffi
3
p fð2Þ4 4

ffiffiffi
3
p

ẽð2Þ4
1ffiffi
3
p c̃ð2Þ10

24 0 0 0

iB̄fþμνγ5γμTν þ H:c: 19 4ffiffi
3
p fð2Þ5 4

ffiffiffi
3
p

ẽð2Þ5
1ffiffi
3
p c̃ð2Þ9

25 4ffiffi
3
p Fð2Þ6 4

ffiffiffi
3
p

Ẽð2Þ6
1ffiffi
3
p C̃ð2Þ14
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D. Discussions

In the literature, one may find part of the constructed
chiral Lagrangians for the doubly charmed baryons. Here,
we make some comparisons. Our LBB in the two-flavor
case has the same number of independent terms as that in
Ref. [72], but the choice of independent structures is
different. In the three-flavor case, the terms in our LBB
are consistent with those in Ref. [66] at the first two
orders, but we have one less term at the third chiral order.

In fact, the 32nd term Oð3Þ32 ¼ ψ̄ ½Dλ; fμν− �γ5γμDνλψ þ H:c:
over there can be eliminated with Eq. (2.41) of Ref. [72].
At the fourth order, there exist some redundant terms

similarly, such as Oð4Þ195 ¼ ψ̄ ½Dμν; fλρþ �σλρDμνψ þ H:c:,

Oð4Þ196 ¼ ψ̄ ½Dμν; fλρþ �σμλDνρψ þ H:c:, and so on. Moreover,
linear relations, such as Cayley-Hamilton relations, are not
completely used. We have checked some of these new
relations by hand explicitly and have removed all redundant
terms by computer. Hence, we have much fewer terms at
the Oðp4Þ order. In the heavy diquark limit, our results are
consistent with the Oðp2Þ terms obtained in Ref. [62].
One may wonder whether theOðp4Þ-order Lagrangian is

useful because the number of LECs is very large. At
present, there are studies of masses [18,22] and magnetic
moments [23,24] for the doubly heavy baryons with chiral
Lagrangians up to the Oðp4Þ order. The complete
Lagrangian we obtain can be used to confirm the terms
constructed in the literature. A calculated observable
contains different order LECs and one needs to determine
the involved LECs by fitting available data. Usually, several
LECs or LEC combinations are involved in the study
of a special problem. One may, in principle, use various
theoretical methods (quark model, large Nc, lattice QCD,
etc.) to determine or constrain such LEC values. It is true
that available data to determine the Oðp4Þ LECs in the
existing studies about doubly heavy baryons are still scarce.
However, once the LECs are determined, the convergence
of chiral expansion, an important issue one should check in

understanding the power counting problem in ChPT, can be
certainly better understood in the investigations up to the
Oðp4Þ order than that to the Oðp3Þ order. Moreover, the
complete Lagrangian can serve for future studies of any
other quantities.
In fact, the complete Lagrangian may motivate future

studies of LEC determinations or LEC relations. Since the
numbers of LECs are significantly increased for high-order
terms, theoretical methods to study LECs in a systematic
way are welcome. In Ref. [80], an analytical method
was adopted to calculate the LECs for mesonic chiral
Lagrangians. A possible method in the present case would
also be developed, which needs complete Lagrangians with
independent terms. In Refs. [81,82], we preliminarily
studied the LEC relations with the help of the chiral quark
model up to the third chiral order in the light baryon cases,
which is based on operator correspondences between
hadron-level structures and quark-level structures. In prin-
ciple, such a study can be extended to any chiral order, but
it also needs complete Lagrangians with independent terms.
Since the LEC determination is very important in the

application of ChPT, here we discuss a little more about the
chiral quark model method which is feasible in constraining
LECs before enough data are available. In Ref. [81], we
found LEC relations between the SUð2Þ πN Lagrangians
and the SUð3Þ meson-baryon Lagrangians, by employing
the idea that the hadron-level interactions can be
equivalently described in the chiral quark model and by
noticing that quarks are placed in the fundamental repre-
sentations of both SUð2Þ and SUð3Þ. Since the LECs in the
πN Lagrangians can be extracted from a large number
of experimental data, one may get some constraints on
LECs in the SUð3Þ ϕB Lagrangians with ϕ (B) being the
pseudoscalar meson (octet baryon). Similar to the
Lagrangian construction at the hadron level, we have
constructed high-order Lagrangians at the quark level.
Such Lagrangians may be applied to all the qqq, Qqq,
and QQq baryon cases where q (Q) represents a light
(heavy) quark. In Ref. [82], when studying the LEC
relations for the spin-3=2 Δ baryon case, we found that
several multiplication factors to be determined are actually
needed. At that time, we only determined values of two
such factors from a phenomenological perspective. It is
possible to determine such factors with the heavy quark
symmetry by using the chiral Lagrangians with QQq and
Qqq [83] baryons. Since only one light quark exists in the
doubly charmed baryon and the pion interaction is mainly
induced by the light quark, it is obvious that the LECs may
have some relations with the coupling parameters in the
chiral quark model. In the heavy diquark limit, the heavy
quarks decouple with the light quark and the spin-1=2 and
spin-3=2 doubly charmed baryons can be described simul-
taneously by the superfield ψμ. The number of independent
Lagrangian terms for ψμ should be the same as that in the
chiral quark model description. One may confirm this by

TABLE IV. Independent Lagrangian terms in the heavy diquark
limit at the orderOðp2Þ. Column 2 (3) labels the number for each
term in the two-flavor (three-flavor) case. The terms without a
number are not independent.

Pn=pn SUð2Þ SUð3Þ
ψ̄μhuνuνiψμ 1 1
ψ̄μhuνuλivνvλψμ 2 2
ψ̄μuνuνψμ 3
ψ̄μuνuλvνvλψμ 4
iψ̄μuνuλσνλψμ 3 5
ψ̄μhfþνλiσνλψμ 4
ψ̄μfþνλσνλψμ 5 6
ψ̄μhχþiψμ 6 7
ψ̄μχþψμ 7 8
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consulting Ref. [81] for the relevant Lagrangian up to the
third chiral order. Since we mainly focus on the search for a
minimal set of Lagrangian terms in the present paper, we
leave the discussions to get LEC relations and to determine
the multiplication factors for spin-3=2 baryons in a sepa-
rate work.
It is usually interesting to know how many independent

structures there are for the Lagrangian at a certain order in
ChPT. The constructed Lagrangian with explicit terms can
surely give an answer. Besides the method to construct
Lagrangians, it is also possible to find an answer with other
approaches. In the mesonic case [84], the Hilbert series
techniques have been used to analyze numbers of inde-
pendent terms at different orders, where the role of the
concrete Lagrangians is to validate the method. When a
similar study for the doubly heavy baryon case is per-
formed, the Lagrangian constructed here would also be
helpful to validate the analysis.
If one replaces the cc diquark by the bb diquark in the

doubly charmed baryons, the chiral Lagrangians for the
doubly bottom baryons are obtained. For the bcq baryons,
the situation is slightly different. In the case that the spin of
the bc diquark is 1, the chiral Lagrangians have the same
structures discussed above. Since the spin of the bc diqaurk
can also be 0, an additional flavor triplet exists for the
spin-1=2bcq baryons. The Lagrangian structures for the
spin-1=2 bcq baryons in the scalar and axial-vector bc
diquark cases are the same.

VI. SUMMARY

In this paper, we constructed the relativistic chiral
Lagrangians for both spin-1

2
and spin-3

2
doubly charmed

baryons up to the order Oðp4Þ, in both two- and three-
flavor cases. The chiral Lagrangians in the heavy diquark
limit are also obtained up to the order Oðp4Þ. Table V
collects the number of independent terms at each order. It
seems that the numbers in the heavy diquark limit are about
one-third (one-fourth) of those in the relativistic case at the
order Oðp3Þ [Oðp4Þ]. Obviously, the heavy diquark sym-
metry is helpful for us to reduce the number of unknown
parameters in employing ChPT. We present the LEC
relations between the relativistic case and the case in the
heavy diquark limit up to the order Oðp3Þ. In addition, the
heavy diquark-antiquark symmetry is also considered. With
this symmetry, we obtain the LEC relations between
the doubly charmed baryon case and the heavy-light meson
case.
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APPENDIX A: Oðp3Þ-ORDER RESULTS

This appendix gives Tables VI and VII.

ẽð3Þ26 ¼ fð3Þ1 þfð3Þ4 ; ẽð3Þ27 ¼ fð3Þ2 −fð3Þ4 ; ẽð3Þ28 ¼−fð3Þ3 −fð3Þ4 ; ẽð3Þ30 ¼ fð3Þ13 þfð3Þ6 ; ẽð3Þ31 ¼−2fð3Þ14 þ 2fð3Þ6 ;

ẽð3Þ37 ¼ 2fð3Þ11 −fð3Þ8 ; ẽð3Þ39 ¼ 2fð3Þ12 −fð3Þ8 ; ẽð3Þ42 ¼ fð3Þ7 −fð3Þ8 ; ẽð3Þ52 ¼−
2ffiffiffi
3
p fð3Þ4 −

2ffiffiffi
3
p fð3Þ8 ; ẽð3Þ53 ¼−

2ffiffiffi
3
p fð3Þ3 þ

2ffiffiffi
3
p fð3Þ8 ;

ẽð3Þ55 ¼−
1ffiffiffi
3
p fð3Þ13 þ

1ffiffiffi
3
p fð3Þ6 ; ẽð3Þ58 ¼

2ffiffiffi
3
p fð3Þ13 −

2ffiffiffi
3
p fð3Þ6 −

4ffiffiffi
3
p fð3Þ14 : ðA1Þ

ẽð3Þ26 ¼ 3ẽð3Þ1 − 3ẽð3Þ4 ; ẽð3Þ27 ¼ 3ẽð3Þ2 þ 3ẽð3Þ4 ; ẽð3Þ28 ¼ 3ẽð3Þ3 þ 3ẽð3Þ4 ; ẽð3Þ30 ¼ 3ẽð3Þ6 þ 3ẽð3Þ8 ; ẽð3Þ31 ¼−6ẽð3Þ7 þ 6ẽð3Þ8 ;

ẽð3Þ37 ¼−2ẽð3Þ15 þ 3ẽð3Þ14 ; ẽð3Þ39 ¼−2ẽð3Þ16 þ 3ẽð3Þ14 ; ẽð3Þ42 ¼ 3ẽð3Þ13 þ 3ẽð3Þ14 ; ẽð3Þ52 ¼ 2
ffiffiffi
3
p

ẽð3Þ14 þ 2
ffiffiffi
3
p

ẽð3Þ4 ;

ẽð3Þ53 ¼−2
ffiffiffi
3
p

ẽð3Þ14 þ 2
ffiffiffi
3
p

ẽð3Þ3 ; ẽð3Þ55 ¼−
ffiffiffi
3
p

ẽð3Þ6 þ
ffiffiffi
3
p

ẽð3Þ8 ; ẽð3Þ58 ¼ 2
ffiffiffi
3
p

ẽð3Þ6 − 2
ffiffiffi
3
p

ẽð3Þ8 − 4
ffiffiffi
3
p

ẽð3Þ7 : ðA2Þ

TABLE V. Number of independent terms at each chiral order.

Relativistic Lagrangian Nonrelativistic Lagrangian

Chiral order Oðp1Þ Oðp2Þ Oðp3Þ Oðp4Þ Oðp1Þ Oðp2Þ Oðp3Þ Oðp4Þ
SUð2Þ 3 19 74 452 1 7 23 118
SUð3Þ 3 25 112 864 1 8 31 189
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TABLE VI. Independent terms in the relativistic Lagrangian at the orderOðp3Þ. Columns 2, 3, 4, and 5 (6, 7, 8, and 9) are for the two-
flavor (three-flavor) case. Columns 2 and 6 label the number for each term. The terms without a number are not independent in the
SUð2Þ case. Columns 3 and 7 list the relations between LECs in the relativistic case and those in the heavy diquark limit. Columns 4 and
8 show the LEC relations among different terms in the relativistic case by using the heavy diquark symmetry. “I” means that the term is
chosen as an independent term in the heavy diquark limit. Columns 5 and 9 give the LEC relations with the help of the heavy diquark-
antiquark symmetry, where c̃ and C̃ are LECs in the heavy-light meson case. Such LECs are defined in Ref. [78]. “0” means that
the LECs in the heavy diquark limit vanish. The symbol “*” indicates that the relation is long and we show relevant results in
Eqs. (A1)–(A6) in this appendix.

On=on SUð2Þ ẽð3Þn ẽð3Þn ẽð3Þn SUð3Þ Ẽð3Þn Ẽð3Þn Ẽð3Þn

B̄huμuμiuνγ5γνB 1 1
3
fð3Þ1

I � 1 1
3
Fð3Þ1

I �
B̄huμuνiuμγ5γνB 2 1

3
fð3Þ2

I − 1
12
c̃ð3Þ10

2 1
3
Fð3Þ2

I �
B̄huμuνiuλγ5γμDνλB 3 − 1

3
fð3Þ3

I � 3 − 1
3
Fð3Þ3

I �
B̄huμuνiuλγ5γλDμνB 4 − 1

3
fð3Þ4

I � 4 − 1
3
Fð3Þ4

I �
B̄huμuμuνiγ5γνB 5 1

3
Fð3Þ5

I �
B̄huμuνuλiγ5γμDνλB 6 − 1

3
Fð3Þ6

I �
B̄uμuμuνγ5γνBþ H:c: 7 1

3
Fð3Þ7

I �
B̄uμuνuλγ5γμDνλBþ H:c: 8 − 1

3
Fð3Þ8

I �
ϵμνλρB̄huμuνuλiDρB 5 fð3Þ5

I −c̃ð3Þ1
9 Fð3Þ9

I − 1
2
C̃ð3Þ2

ϵμνλρB̄uμuνuλDρB 10 Fð3Þ10
I − 1

2
C̃ð3Þ1

iB̄huμf−νλiσμνDλB 6 1
3
fð3Þ13

I − 1
6
c̃ð3Þ15

11 1
3
Fð3Þ19

I − 1
6
C̃ð3Þ30

iB̄huμf−νλiσνλDμB 7 1
3
fð3Þ14

I 1
12
c̃ð3Þ16

12 1
3
Fð3Þ20

I 1
12
C̃ð3Þ31

iB̄huμhνλiσμνDλB 8 1
3
fð3Þ6

I 1
6
c̃ð3Þ19

13 1
3
Fð3Þ11

I 1
6
C̃ð3Þ32

B̄uμf−μνDνBþ H:c: 9 fð3Þ15
I − 1

2
c̃ð3Þ2

14 Fð3Þ21
I − 1

2
C̃ð3Þ3

iB̄uμf−νλσμνDλBþ H:c: 15 1
3
Fð3Þ22

I − 1
6
C̃ð3Þ21

iB̄uμf−νλσνλDμBþ H:c: 16 1
3
Fð3Þ23

I 1
12
C̃ð3Þ22

B̄uμhμνDνBþ H:c: 10 fð3Þ9
I − 1

2
c̃ð3Þ3

17 Fð3Þ14
I − 1

2
C̃ð3Þ4

B̄uμhνλDμνλBþ H:c: 11 −fð3Þ10
I − 1

2
c̃ð3Þ4

18 −Fð3Þ15
I − 1

2
C̃ð3Þ5

iB̄uμhνλσμνDλBþ H:c: 19 1
3
Fð3Þ16

I 1
6
C̃ð3Þ25

B̄∇μf−μνγ5γνB 12 1
3
fð3Þ18

I 1
6
c̃ð3Þ24

20 1
3
Fð3Þ25

I 1
6
C̃ð3Þ33

iB̄fþμνuμγ5γνBþ H:c: 13 1
3
fð3Þ7

I 1
6
c̃ð3Þ30

21 1
3
Fð3Þ12

I 1
6
C̃ð3Þ39

iB̄fþμνuλγ5γμDνλBþ H:c: 14 − 1
3
fð3Þ8

I 1
6
c̃ð3Þ41

22 − 1
3
Fð3Þ13

I 1
3
C̃ð3Þ37

iϵμνλρB̄hfþμνiuλDρB 15 −fð3Þ11
I − 1

2
c̃ð3Þ6

23 0 0 0

iϵμνλρB̄hfþμνuλiDρB 16 −fð3Þ12
I � 24 −Fð3Þ17

I − 1
2
C̃ð3Þ7

iϵμνλρB̄fþμνuλDρBþ H:c: 25 −Fð3Þ18
I − 1

2
C̃ð3Þ6

iB̄h∇μfþμνiDνB 17 −fð3Þ16
I − 1

2
c̃ð3Þ8

26 0 0 0

iB̄∇μfþμνDνB 18 −fð3Þ17
I − 1

2
c̃ð3Þ7

27 −Fð3Þ24
I − 1

2
C̃ð3Þ8

B̄huμχþiγ5γμB 19 1
3
fð3Þ19

I − 1
6
c̃ð3Þ38

28 1
3
Fð3Þ26

I − 1
6
C̃ð3Þ45

B̄hχþiuμγ5γμB 20 1
3
fð3Þ20

I � 29 1
3
Fð3Þ27

I − 1
6
C̃ð3Þ46

B̄uμχþγ5γμBþ H:c: 30 1
3
Fð3Þ28

I − 1
6
C̃ð3Þ44

iB̄uμχ−DμBþ H:c: 21 −fð3Þ21
I − 1

2
c̃ð3Þ9

31 −Fð3Þ29
I − 1

2
C̃ð3Þ9

iB̄h∇μχ−iγ5γμB 22 1
3
fð3Þ22

I − 1
6
c̃ð3Þ41

32 1
3
Fð3Þ30

I − 1
6
C̃ð3Þ49

iB̄∇μχ−γ5γμB 23 1
3
fð3Þ23

I − 1
6
c̃ð3Þ40

33 1
3
Fð3Þ31

I − 1
6
C̃ð3Þ48

T̄μhuμuνiuλγ5γνTλ þ H:c: 24 fð3Þ4 −3ẽð3Þ4
� 34 � � �

T̄μhuμuνiuλγ5γλTν 25 −2fð3Þ4 6ẽð3Þ4
� 35 � � �

T̄μhuνuνiuλγ5γλTμ 26 � � � 36 � � �
T̄μhuνuλiuνγ5γλTμ 27 � � � 37 � � �
T̄μhuνuλiuργ5γνDλρTμ 28 � � � 38 � � �

(Table continued)
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TABLE VI. (Continued)

On=on SUð2Þ ẽð3Þn ẽð3Þn ẽð3Þn SUð3Þ Ẽð3Þn Ẽð3Þn Ẽð3Þn

T̄μhuμuνuλiγ5γνTλ 29 −6fð3Þ5 −6ẽð3Þ5 6c̃ð3Þ1
39 � � �

T̄μhuμuνuλiγ5γλTν 40 � � �
T̄μhuνuνuλiγ5γλTμ 41 � � �
T̄μhuνuλuρiγ5γνDλρTμ 42 � � �
T̄μuμuνuλγ5γνTλ 43 −2Fð3Þ10 −2Ẽð3Þ10 C̃ð3Þ1

T̄μuμuνuλγ5γλTν þ H:c: 44 −Fð3Þ8 3Ẽð3Þ8
�

T̄μuνuμuλγ5γλTν þ H:c: 45 � � �
T̄μuνuνuλγ5γλTμ þ H:c: 46 � � �
T̄μhuμf−νλiDνTλ þ H:c: 30 � � � 47 � � �
T̄μhuνf−μλiDνTλ 31 � � � 48 � � �
T̄μuμf−νλDνTλ þ H:c: 32 0 0 0 49 � � �
T̄μuνf−μλDνTλ þ H:c: 50 � � �
T̄μuνf−μλDλTν þ H:c: 51 � � �
T̄μuνf−νλDλTμ þ H:c: 33 −fð3Þ15 −ẽð3Þ9

1
2
c̃ð3Þ2

52 −Fð3Þ21 −Ẽð3Þ14
1
2
C̃ð3Þ3

T̄μuμhνλDνTλ þ H:c: 34 0 0 0 53 0 0 0
T̄μuνhνλDλTμ þ H:c: 35 −fð3Þ9 −ẽð3Þ10

1
2
c̃ð3Þ3

54 −Fð3Þ14 −Ẽð3Þ17
1
2
C̃ð3Þ4

T̄μuνhλρDνλρTμ þ H:c: 36 fð3Þ10 −ẽð3Þ11
1
2
c̃ð3Þ4

55 Fð3Þ15 −Ẽð3Þ18
1
2
C̃ð3Þ5

iT̄μhfþμνiuλγ5γνTλ þ H:c: 37 � � � 56 0 0 0
iT̄μhfþμνiuλγ5γλTν 38 −2fð3Þ11 2ẽð3Þ15 −c̃ð3Þ6

57 0 0 0

iT̄μhfþμνuλiγ5γνTλ þ H:c: 39 � � � 58 2Fð3Þ17 −2Ẽð3Þ24 C̃ð3Þ7

iT̄μhfþμνuλiγ5γλTν 40 −2fð3Þ12 2ẽð3Þ16
� 59 −2Fð3Þ17 2Ẽð3Þ24 −C̃ð3Þ7

iT̄μfþμνuλγ5γνTλ þ H:c: 41 2fð3Þ8 −6ẽð3Þ14 −c̃ð3Þ41
60 � � �

iT̄μfþμνuλγ5γλTν þ H:c: 61 −2Fð3Þ18 2Ẽð3Þ25 −C̃ð3Þ6

iT̄μfþνλuμγ5γνTλ þ H:c: 62 � � �
iT̄μfþνλuνγ5γλTμ þ H:c: 42 � � � 63 � � �
iT̄μh∇νfþνλiDλTμ 43 fð3Þ16 −ẽð3Þ17

1
2
c̃ð3Þ8

64 0 0 0

iT̄μ∇νfþνλDλTμ 44 fð3Þ17 −ẽð3Þ18
1
2
c̃ð3Þ7

65 Fð3Þ24 −Ẽð3Þ27
1
2
C̃ð3Þ8

T̄μhuνχþiγ5γνTμ 45 fð3Þ19 3ẽð3Þ19 − 1
2
c̃ð3Þ38

66 Fð3Þ26 3Ẽð3Þ28 − 1
2
C̃ð3Þ45

T̄μhχþiuνγ5γνTμ 46 fð3Þ20 3ẽð3Þ20
� 67 Fð3Þ27 3Ẽð3Þ29 − 1

2
C̃ð3Þ46

T̄μuνχþγ5γνTμ þ H:c: 68 Fð3Þ28 3Ẽð3Þ30 − 1
2
C̃ð3Þ44

iT̄μuνχ−DνTμ þ H:c: 47 fð3Þ21 −ẽð3Þ21
1
2
c̃ð3Þ9

69 Fð3Þ29 −Ẽð3Þ31
1
2
C̃ð3Þ9

iT̄μh∇νχ−iγ5γνTμ 48 fð3Þ22 3ẽð3Þ22 − 1
2
c̃ð3Þ41

70 Fð3Þ30 3Ẽð3Þ32 − 1
2
C̃ð3Þ49

iT̄μ∇νχ−γ5γνTμ 49 fð3Þ23 3ẽð3Þ23 − 1
2
c̃ð3Þ40

71 Fð3Þ31 3Ẽð3Þ33 − 1
2
C̃ð3Þ48

B̄huμuμiuνTν þ H:c: 50 2ffiffi
3
p fð3Þ1 2

ffiffiffi
3
p

ẽð3Þ1
� 72 � � �

B̄huμuνiuμTν þ H:c: 51 2ffiffi
3
p fð3Þ2 2

ffiffiffi
3
p

ẽð3Þ2 − 1

2
ffiffi
3
p c̃ð3Þ10

73 � � �
B̄huμuνiuλDμνTλ þ H:c: 52 � � � 74 � � �
B̄huμuνiuλDμλTν þ H:c: 53 � � � 75 � � �
iB̄huμuνiuλσμλTν þ H:c: 54 0 0 0 76 0 0 0
B̄huμuμuνiTν þ H:c: 77 � � �
B̄huμuνuλiDμνTλ þ H:c: 78 � � �
B̄uμuμuνTν þ H:c: 79 0 0 0
B̄uμuνuμTν þ H:c: 80 − 2ffiffi

3
p Fð3Þ7 −2

ffiffiffi
3
p

Ẽð3Þ7
�

B̄uμuνuλDμνTλ þ H:c: 81 0 0 0
B̄uμuνuλDμλTν þ H:c: 82 � � �
iB̄uμuνuλσμνTλ þ H:c: 83 0 0 0
iB̄uμuνuλσμλTν þ H:c: 84 0 0 0

(Table continued)
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ẽð3Þ1 ¼ −
1

12
c̃ð3Þ13 þ

1

24
c̃ð3Þ10 ; ẽð3Þ3 ¼ −

1

12
c̃ð3Þ10 −

1

6
c̃ð3Þ11 −

1

6
c̃ð3Þ14 ; ẽð3Þ4 ¼

1

3
c̃ð3Þ11 −

1

3
c̃ð3Þ14 þ

1

6
c̃ð3Þ10 ; ẽð3Þ16 ¼

1

2
c̃ð3Þ5 −

1

2
c̃ð3Þ6 ;

ẽð3Þ20 ¼
1

6
c̃ð3Þ37 −

1

6
c̃ð3Þ38 ; ẽð3Þ24 ¼ −

1

2
c̃ð3Þ10 − c̃ð3Þ11 þ c̃ð3Þ14 ; ẽð3Þ25 ¼ 2c̃ð3Þ11 − 2c̃ð3Þ14 þ c̃ð3Þ10 ; ẽð3Þ26 ¼ −

1

4
c̃ð3Þ13 −

3

8
c̃ð3Þ10 − c̃ð3Þ11 þ c̃ð3Þ14 ;

ẽð3Þ27 ¼
1

4
c̃ð3Þ10 þ c̃ð3Þ11 − c̃ð3Þ14 ; ẽð3Þ28 ¼

1

2
c̃ð3Þ11 þ

1

4
c̃ð3Þ10 −

3

2
c̃ð3Þ14 ; ẽð3Þ30 ¼ −

1

2
c̃ð3Þ15 þ

1

2
c̃ð3Þ19 ; ẽð3Þ31 ¼ −

1

2
c̃ð3Þ16 þ c̃ð3Þ19 ;

ẽð3Þ37 ¼
1

2
c̃ð3Þ41 þ c̃ð3Þ6 ; ẽð3Þ39 ¼

1

2
c̃ð3Þ41 − c̃ð3Þ5 þ c̃ð3Þ6 ; ẽð3Þ40 ¼ c̃ð3Þ5 − c̃ð3Þ6 ; ẽð3Þ42 ¼

1

2
c̃ð3Þ30 þ

1

2
c̃ð3Þ41 ; ẽð3Þ46 ¼

1

2
c̃ð3Þ37 −

1

2
c̃ð3Þ38 ;

ẽð3Þ50 ¼ −
1

2
ffiffiffi
3
p c̃ð3Þ13 þ

1

4
ffiffiffi
3
p c̃ð3Þ10 ; ẽð3Þ52 ¼

1ffiffiffi
3
p c̃ð3Þ10 þ

1ffiffiffi
3
p c̃ð3Þ41 þ

2ffiffiffi
3
p c̃ð3Þ11 −

2ffiffiffi
3
p c̃ð3Þ14 ;

ẽð3Þ53 ¼ −
1

2
ffiffiffi
3
p c̃ð3Þ10 −

1ffiffiffi
3
p c̃ð3Þ11 −

1ffiffiffi
3
p c̃ð3Þ14 −

1ffiffiffi
3
p c̃ð3Þ41 ; ẽð3Þ55 ¼

1

2
ffiffiffi
3
p c̃ð3Þ15 þ

1

2
ffiffiffi
3
p c̃ð3Þ19 ; ẽð3Þ58 ¼ −

1ffiffiffi
3
p c̃ð3Þ15 −

1ffiffiffi
3
p c̃ð3Þ16 −

1ffiffiffi
3
p c̃ð3Þ19 ;

ẽð3Þ73 ¼
1ffiffiffi
3
p c̃ð3Þ37 −

1ffiffiffi
3
p c̃ð3Þ38 : ðA3Þ

TABLE VI. (Continued)

On=on SUð2Þ ẽð3Þn ẽð3Þn ẽð3Þn SUð3Þ Ẽð3Þn Ẽð3Þn Ẽð3Þn

ϵμνλρB̄huμf−νλiTρ þ H:c: 55 � � � 85 � � �
ϵμνλρB̄uμf−νλTρ þ H:c: 56 0 0 0 86 � � �
ϵμνλρB̄f−μνuλTρ þ H:c: 87 − 2ffiffi

3
p Fð3Þ23 −2

ffiffiffi
3
p

Ẽð3Þ16 − 1
2
ffiffi
3
p C̃ð3Þ22

B̄huμf−νλiγ5γμDνTλ þ H:c: 57 4ffiffi
3
p fð3Þ6 4

ffiffiffi
3
p

ẽð3Þ8
2ffiffi
3
p c̃ð3Þ19

88 4ffiffi
3
p Fð3Þ11 4

ffiffiffi
3
p

Ẽð3Þ13
2ffiffi
3
p C̃ð3Þ32

B̄huμf−νλiγ5γνDμTλ þ H:c: 58 � � � 89 � � �
B̄huμhνλiγ5γμDνTλ þ H:c: 59 − 4ffiffi

3
p fð3Þ6 −4

ffiffiffi
3
p

ẽð3Þ8 − 2ffiffi
3
p c̃ð3Þ19

90 − 4ffiffi
3
p Fð3Þ11 −4

ffiffiffi
3
p

Ẽð3Þ13 − 2ffiffi
3
p C̃ð3Þ32

B̄uμf−νλγ5γμDνTλ þ H:c: 60 0 0 0 91 � � �
B̄uμf−νλγ5γνDμTλ þ H:c: 61 0 0 0 92 � � �
B̄uμhνλγ5γμDνTλ þ H:c: 62 0 0 0 93 − 4ffiffi

3
p Fð3Þ16 −4

ffiffiffi
3
p

Ẽð3Þ19 − 2ffiffi
3
p C̃ð3Þ25

B̄uμhνλγ5γνDμTλ þ H:c: 94 � � �
B̄uμhνλγ5γνDλTμ þ H:c: 95 � � �
B̄f−μνuλγ5γμDνTλ þ H:c: 96 � � �
B̄∇μf−μνTν þ H:c: 63 2ffiffi

3
p fð3Þ18 2

ffiffiffi
3
p

ẽð3Þ12
1ffiffi
3
p c̃ð3Þ24

97 2ffiffi
3
p Fð3Þ25 2

ffiffiffi
3
p

Ẽð3Þ20
1ffiffi
3
p C̃ð3Þ33

iB̄hfþμνiuμTν þ H:c: 64 − 2ffiffi
3
p fð3Þ7 −2

ffiffiffi
3
p

ẽð3Þ13 − 1ffiffi
3
p c̃ð3Þ30

98 0 0 0

iB̄hfþμνiuλDμλTν þ H:c: 65 0 0 0 99 0 0 0
B̄hfþμνiuλσμνTλ þ H:c: 66 0 0 0 100 0 0 0
iB̄hfþμνuμiTν þ H:c: 67 − 2ffiffi

3
p fð3Þ7 −2

ffiffiffi
3
p

ẽð3Þ13 − 1ffiffi
3
p c̃ð3Þ30

101 0 0 0

iB̄hfþμνuλiDμλTν þ H:c: 68 0 0 0 102 0 0 0
B̄hfþμνuλiσμνTλ þ H:c: 69 0 0 0 103 0 0 0
iB̄fþμνuμTν þ H:c: 70 4ffiffi

3
p fð3Þ7 4

ffiffiffi
3
p

ẽð3Þ13
2ffiffi
3
p c̃ð3Þ30

104 2ffiffi
3
p Fð3Þ12 2

ffiffiffi
3
p

Ẽð3Þ21
1ffiffi
3
p C̃ð3Þ39

iB̄fþμνuλDμλTν þ H:c: 105 0 0 0
B̄fþμνuλσμνTλ þ H:c: 71 0 0 0 106 0 0 0
iB̄uμfþμνTν þ H:c: 107 − 2ffiffi

3
p Fð3Þ12 −2

ffiffiffi
3
p

Ẽð3Þ21 − 1ffiffi
3
p C̃ð3Þ39

B̄uμfþνλσμνTλ þ H:c: 108 0 0 0
B̄huμχþiTμ þ H:c: 72 2ffiffi

3
p fð3Þ19 2

ffiffiffi
3
p

ẽð3Þ19 − 1ffiffi
3
p c̃ð3Þ38

109 2ffiffi
3
p Fð3Þ26 2

ffiffiffi
3
p

Ẽð3Þ28 − 1ffiffi
3
p C̃ð3Þ45

B̄hχþiuμTμ þ H:c: 73 2ffiffi
3
p fð3Þ20 2

ffiffiffi
3
p

ẽð3Þ20
� 110 2ffiffi

3
p Fð3Þ27 2

ffiffiffi
3
p

Ẽð3Þ29 − 1ffiffi
3
p C̃ð3Þ46

B̄uμχþTμ þ H:c: 74 0 0 0 111 2ffiffi
3
p Fð3Þ28 2

ffiffiffi
3
p

Ẽð3Þ30 − 1ffiffi
3
p C̃ð3Þ44

B̄χþuμTμ þ H:c: 112 2ffiffi
3
p Fð3Þ28 2

ffiffiffi
3
p

Ẽð3Þ30 − 1ffiffi
3
p C̃ð3Þ44
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Ẽð3Þ34 ¼Fð3Þ10 þFð3Þ4 þFð3Þ8 ; Ẽð3Þ35 ¼−2Fð3Þ4 þFð3Þ10 ; Ẽð3Þ36 ¼Fð3Þ1 þFð3Þ4 ; Ẽð3Þ37 ¼Fð3Þ2 −Fð3Þ4 −Fð3Þ8 ;

Ẽð3Þ38 ¼−Fð3Þ3 −Fð3Þ4 −Fð3Þ8 ; Ẽð3Þ39 ¼−3Fð3Þ9 þFð3Þ10 þ
2

3
Fð3Þ8 ; Ẽð3Þ40 ¼ 3Fð3Þ9 þFð3Þ10 þ

2

3
Fð3Þ8 ; Ẽð3Þ41 ¼Fð3Þ5 −

2

3
Fð3Þ8 ;

Ẽð3Þ42 ¼−Fð3Þ6 −
2

3
Fð3Þ8 ; Ẽð3Þ45 ¼−2Fð3Þ10 −Fð3Þ8 ; Ẽð3Þ46 ¼Fð3Þ7 þFð3Þ8 ; Ẽð3Þ47 ¼Fð3Þ11 þFð3Þ19 ; Ẽð3Þ48 ¼ 2Fð3Þ11 −2Fð3Þ20 ;

Ẽð3Þ49 ¼Fð3Þ16 þFð3Þ22 ; Ẽð3Þ50 ¼ 2Fð3Þ16 −2Fð3Þ23 ; Ẽð3Þ51 ¼Fð3Þ16 þFð3Þ22 ; Ẽð3Þ60 ¼ 2Fð3Þ18 þFð3Þ13 ; Ẽð3Þ62 ¼ 2Fð3Þ18 −Fð3Þ13 ;

Ẽð3Þ63 ¼Fð3Þ12 −Fð3Þ13 ; Ẽð3Þ72 ¼
1ffiffiffi
3
p Fð3Þ7 þ

2ffiffiffi
3
p Fð3Þ1 ; Ẽð3Þ73 ¼

2ffiffiffi
3
p Fð3Þ2 þ

2ffiffiffi
3
p Fð3Þ7 ; Ẽð3Þ74 ¼−

1

2
ffiffiffi
3
p Fð3Þ13 −

1ffiffiffi
3
p Fð3Þ8 −

2ffiffiffi
3
p Fð3Þ4 ;

Ẽð3Þ75 ¼−
1ffiffiffi
3
p Fð3Þ13 −

2ffiffiffi
3
p Fð3Þ3 −

2ffiffiffi
3
p Fð3Þ8 ; Ẽð3Þ77 ¼

2ffiffiffi
3
p Fð3Þ5 þ

2ffiffiffi
3
p Fð3Þ7 ; Ẽð3Þ78 ¼−

1ffiffiffi
3
p Fð3Þ13 −

2ffiffiffi
3
p Fð3Þ6 −

2ffiffiffi
3
p Fð3Þ8 ;

Ẽð3Þ82 ¼
2ffiffiffi
3
p Fð3Þ8 þ

ffiffiffi
3
p

Fð3Þ13 ; Ẽð3Þ85 ¼
1ffiffiffi
3
p Fð3Þ11 −

1ffiffiffi
3
p Fð3Þ19 ; Ẽð3Þ86 ¼−

1

2
ffiffiffi
3
p Fð3Þ16 þ

1ffiffiffi
3
p Fð3Þ23 −

ffiffiffi
3
p

2
Fð3Þ22 ;

Ẽð3Þ89 ¼−
2ffiffiffi
3
p Fð3Þ11 þ

2ffiffiffi
3
p Fð3Þ19 −

4ffiffiffi
3
p Fð3Þ20 ; Ẽð3Þ91 ¼

1ffiffiffi
3
p Fð3Þ16 −

1ffiffiffi
3
p Fð3Þ22 þ

2ffiffiffi
3
p Fð3Þ23 ; Ẽð3Þ92 ¼

2ffiffiffi
3
p Fð3Þ16 þ

2ffiffiffi
3
p Fð3Þ22 −

4ffiffiffi
3
p Fð3Þ23 ;

Ẽð3Þ94 ¼
1ffiffiffi
3
p Fð3Þ16 −

1ffiffiffi
3
p Fð3Þ22 þ

2ffiffiffi
3
p Fð3Þ23 ; Ẽð3Þ95 ¼

1ffiffiffi
3
p Fð3Þ22 −

2ffiffiffi
3
p Fð3Þ23 þ

ffiffiffi
3
p

Fð3Þ16 ; Ẽð3Þ96 ¼−
2ffiffiffi
3
p Fð3Þ16 þ

2ffiffiffi
3
p Fð3Þ22 −

4ffiffiffi
3
p Fð3Þ23 : ðA4Þ

Ẽð3Þ34 ¼−3Ẽð3Þ4 −3Ẽð3Þ8 þ Ẽð3Þ10 ; Ẽð3Þ35 ¼ 6Ẽð3Þ4 þ Ẽð3Þ10 ; Ẽð3Þ36 ¼ 3Ẽð3Þ1 −3Ẽð3Þ4 ; Ẽð3Þ37 ¼ 3Ẽð3Þ2 þ3Ẽð3Þ4 þ3Ẽð3Þ8 ;

Ẽð3Þ38 ¼ 3Ẽð3Þ3 þ3Ẽð3Þ4 þ3Ẽð3Þ8 ; Ẽð3Þ39 ¼−2Ẽð3Þ8 −3Ẽð3Þ9 þ Ẽð3Þ10 ; Ẽð3Þ40 ¼−2Ẽð3Þ8 þ3Ẽð3Þ9 þ Ẽð3Þ10 ;

Ẽð3Þ41 ¼ 2Ẽð3Þ8 þ3Ẽð3Þ5 ; Ẽð3Þ42 ¼ 2Ẽð3Þ8 þ3Ẽð3Þ6 ; Ẽð3Þ45 ¼−2Ẽð3Þ10 þ3Ẽð3Þ8 ; Ẽð3Þ46 ¼ 3Ẽð3Þ7 −3Ẽð3Þ8 ; Ẽð3Þ47 ¼ 3Ẽð3Þ11 þ3Ẽð3Þ13 ;

Ẽð3Þ48 ¼−6Ẽð3Þ12 þ6Ẽð3Þ13 ; Ẽð3Þ49 ¼ 3Ẽð3Þ15 þ3Ẽð3Þ19 ; Ẽð3Þ50 ¼−6Ẽð3Þ16 þ6Ẽð3Þ19 ; Ẽð3Þ51 ¼ 3Ẽð3Þ15 þ3Ẽð3Þ19 ;

TABLE VII. Independent Lagrangian terms in the heavy diquark limit at the orderOðp3Þ. Columns 2 and 5 (3 and 6) label the number
for each term in the two-flavor (three-flavor) case. The terms without a number are not independent.

Pn=pn SUð2Þ SUð3Þ Pn=pn SUð2Þ SUð3Þ
ψ̄μhuνuνiuλγ5γλψμ 1 1 ϵμνλρψ̄σhfþμνuλivρψσ 12 17
ψ̄μhuνuλiuνγ5γλψμ 2 2 ϵμνλρψ̄σfþμνuλvρψσ þ H:c: 18
ψ̄μhuνuλiuργ5γνvλvρψμ 3 3 ψ̄μhuνf−λρiσνλvρψμ 13 19
ψ̄μhuνuλiuργ5γρvνvλψμ 4 4 ψ̄μhuνf−λρiσλρvνψμ 14 20
ψ̄μhuνuνuλiγ5γλψμ 5 iψ̄μuνf−νλvλψμ þ H:c: 15 21
ψ̄μhuνuλuρiγ5γνvλvρψμ 6 ψ̄μh∇νfþνλivλψμ 16
ψ̄μuνuνuλγ5γλψμ þ H:c: 7 ψ̄μuνf−λρσνλvρψμ þ H:c: 22
ψ̄μuνuλuργ5γνvλvρψμ þ H:c: 8 ψ̄μuνf−λρσλρvνψμ þ H:c: 23
iϵμνλρψ̄σhuμuνuλivρψσ 5 9 ψ̄μ∇νfþνλvλψμ 17 24
iϵμνλρψ̄σuμuνuλvρψσ 10 ψ̄μ∇νf−νλγ5γλψμ 18 25
ψ̄μhuνhλρiσνλvρψμ 6 11 ψ̄μhuνχþiγ5γνψμ 19 26
iψ̄μfþνλuνγ5γλψμ þ H:c: 7 12 ψ̄μhχþiuνγ5γνψμ 20 27
iψ̄μfþνλuργ5γνvλvρψμ þ H:c: 8 13 ψ̄μuνχþγ5γνψμ þ H:c: 28
iψ̄μuνhνλvλψμ þ H:c: 9 14 ψ̄μuνχ−vνψμ þ H:c: 21 29
iψ̄μuνhλρvνvλvρψμ þ H:c: 10 15 iψ̄μh∇νχ−iγ5γνψμ 22 30
ϵμνλρψ̄σhfþμνiuλvρψσ 11 iψ̄μ∇νχ−γ5γνψμ 23 31
ψ̄μuνhλρσνλvρψμ þ H:c: 16
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Ẽð3Þ60 ¼ −2Ẽð3Þ25 − 3Ẽð3Þ22 ; Ẽð3Þ62 ¼ −2Ẽð3Þ25 þ 3Ẽð3Þ22 ; Ẽð3Þ63 ¼ 3Ẽð3Þ21 þ 3Ẽð3Þ22 ; Ẽð3Þ72 ¼ 2
ffiffiffi
3
p

Ẽð3Þ1 þ
ffiffiffi
3
p

Ẽð3Þ7 ;

Ẽð3Þ73 ¼ 2
ffiffiffi
3
p

Ẽð3Þ2 þ 2
ffiffiffi
3
p

Ẽð3Þ7 ; Ẽð3Þ74 ¼ 2
ffiffiffi
3
p

Ẽð3Þ4 þ
ffiffiffi
3
p

2
Ẽð3Þ22 þ

ffiffiffi
3
p

Ẽð3Þ8 ; Ẽð3Þ75 ¼ 2
ffiffiffi
3
p

Ẽð3Þ3 þ 2
ffiffiffi
3
p

Ẽð3Þ8 þ
ffiffiffi
3
p

Ẽð3Þ22 ;

Ẽð3Þ77 ¼ 2
ffiffiffi
3
p

Ẽð3Þ5 þ 2
ffiffiffi
3
p

Ẽð3Þ7 ; Ẽð3Þ78 ¼ 2
ffiffiffi
3
p

Ẽð3Þ6 þ 2
ffiffiffi
3
p

Ẽð3Þ8 þ
ffiffiffi
3
p

Ẽð3Þ22 ; Ẽð3Þ82 ¼ −2
ffiffiffi
3
p

Ẽð3Þ8 − 3
ffiffiffi
3
p

Ẽð3Þ22 ;

Ẽð3Þ85 ¼ −
ffiffiffi
3
p

Ẽð3Þ11 þ
ffiffiffi
3
p

Ẽð3Þ13 ; Ẽð3Þ86 ¼ −
3

ffiffiffi
3
p

2
Ẽð3Þ15 −

ffiffiffi
3
p

2
Ẽð3Þ19 þ

ffiffiffi
3
p

Ẽð3Þ16 ; Ẽð3Þ89 ¼ 2
ffiffiffi
3
p

Ẽð3Þ11 − 2
ffiffiffi
3
p

Ẽð3Þ13 − 4
ffiffiffi
3
p

Ẽð3Þ12 ;

Ẽð3Þ91 ¼ 2
ffiffiffi
3
p

Ẽð3Þ16 −
ffiffiffi
3
p

Ẽð3Þ15 þ
ffiffiffi
3
p

Ẽð3Þ19 ; Ẽð3Þ92 ¼ 2
ffiffiffi
3
p

Ẽð3Þ15 þ 2
ffiffiffi
3
p

Ẽð3Þ19 − 4
ffiffiffi
3
p

Ẽð3Þ16 ; Ẽð3Þ94 ¼ 2
ffiffiffi
3
p

Ẽð3Þ16 −
ffiffiffi
3
p

Ẽð3Þ15 þ
ffiffiffi
3
p

Ẽð3Þ19 ;

Ẽð3Þ95 ¼ −2
ffiffiffi
3
p

Ẽð3Þ16 þ 3
ffiffiffi
3
p

Ẽð3Þ19 þ
ffiffiffi
3
p

Ẽð3Þ15 ; Ẽð3Þ96 ¼ 2
ffiffiffi
3
p

Ẽð3Þ15 − 2
ffiffiffi
3
p

Ẽð3Þ19 − 4
ffiffiffi
3
p

Ẽð3Þ16 : ðA5Þ

Ẽð3Þ1 ¼
1

12
C̃ð3Þ19 −

1

4
C̃ð3Þ17 ; Ẽð3Þ2 ¼

1

12
C̃ð3Þ1 þ

13

24
C̃ð3Þ19 þ

1

6
C̃ð3Þ10 þ

1

6
C̃ð3Þ13 −

5

8
C̃ð3Þ17 ; Ẽð3Þ3 ¼

1

2
C̃ð3Þ17 þ

1

2
C̃ð3Þ18 −

1

6
C̃ð3Þ20 ;

Ẽð3Þ4 ¼ −
1

12
C̃ð3Þ1 −

1

6
C̃ð3Þ10 −

1

6
C̃ð3Þ11 −

1

6
C̃ð3Þ15 þ

1

6
C̃ð3Þ20 −

3

2
C̃ð3Þ17 −

3

2
C̃ð3Þ18 ; Ẽð3Þ5 ¼ −

1

6
C̃ð3Þ17 þ

1

6
C̃ð3Þ19 ;

Ẽð3Þ6 ¼
1

3
C̃ð3Þ17 þ

1

3
C̃ð3Þ18 ; Ẽð3Þ7 ¼

1

12
C̃ð3Þ1 þ

1

6
C̃ð3Þ10 −

1

6
C̃ð3Þ13 þ

1

6
C̃ð3Þ17 −

1

6
C̃ð3Þ19 ;

Ẽð3Þ8 ¼
1

12
C̃ð3Þ1 −

1

3
C̃ð3Þ17 −

1

3
C̃ð3Þ18 þ

1

6
C̃ð3Þ10 þ

1

6
C̃ð3Þ11 −

1

6
C̃ð3Þ15 ; Ẽð3Þ34 ¼

11

2
C̃ð3Þ17 þ

11

2
C̃ð3Þ18 −

1

2
C̃ð3Þ1 −

1

2
C̃ð3Þ20 þ C̃ð3Þ15 ;

Ẽð3Þ35 ¼ −9C̃ð3Þ17 − 9C̃ð3Þ18 − C̃ð3Þ10 − C̃ð3Þ11 − C̃ð3Þ1 − C̃ð3Þ15 þ C̃ð3Þ20 ;

Ẽð3Þ36 ¼
1

2
C̃ð3Þ10 þ

1

2
C̃ð3Þ11 þ

1

2
C̃ð3Þ15 −

1

2
C̃ð3Þ20 þ

1

4
C̃ð3Þ1 þ

1

4
C̃ð3Þ19 þ

15

4
C̃ð3Þ17 þ

9

2
C̃ð3Þ18 ;

Ẽð3Þ37 ¼ −
11

2
C̃ð3Þ18 þ

1

2
C̃ð3Þ10 þ

1

2
C̃ð3Þ13 þ

1

2
C̃ð3Þ20 þ

13

8
C̃ð3Þ19 þ

1

4
C̃ð3Þ1 −

59

8
C̃ð3Þ17 − C̃ð3Þ15 ; Ẽ

ð3Þ
38 ¼ −4C̃ð3Þ17 − 4C̃ð3Þ18 − C̃ð3Þ15 ;

Ẽð3Þ39 ¼ −
1

3
C̃ð3Þ10 −

1

3
C̃ð3Þ11 þ

1

3
C̃ð3Þ15 −

2

3
C̃ð3Þ1 þ

2

3
C̃ð3Þ17 þ

2

3
C̃ð3Þ18 þ

3

2
C̃ð3Þ2 ;

Ẽð3Þ40 ¼ −
1

3
C̃ð3Þ10 −

1

3
C̃ð3Þ11 þ

1

3
C̃ð3Þ15 −

2

3
C̃ð3Þ1 þ

2

3
C̃ð3Þ17 þ

2

3
C̃ð3Þ18 −

3

2
C̃ð3Þ2 ;

Ẽð3Þ41 ¼
1

2
C̃ð3Þ19 þ

1

3
C̃ð3Þ10 þ

1

3
C̃ð3Þ11 −

1

3
C̃ð3Þ15 þ

1

6
C̃ð3Þ1 −

2

3
C̃ð3Þ18 −

7

6
C̃ð3Þ17 ;

Ẽð3Þ42 ¼
1

3
C̃ð3Þ10 þ

1

3
C̃ð3Þ11 −

1

3
C̃ð3Þ15 þ

1

3
C̃ð3Þ17 þ

1

3
C̃ð3Þ18 þ

1

6
C̃ð3Þ1 ; Ẽð3Þ44 ¼

1

2
C̃ð3Þ10 þ

1

2
C̃ð3Þ11 −

1

2
C̃ð3Þ15 þ

1

4
C̃ð3Þ1 − C̃ð3Þ17 − C̃ð3Þ18 ;

Ẽð3Þ45 ¼
1

2
C̃ð3Þ10 þ

1

2
C̃ð3Þ11 −

1

2
C̃ð3Þ15 þ

5

4
C̃ð3Þ1 − C̃ð3Þ17 − C̃ð3Þ18 ; Ẽð3Þ46 ¼ −

1

2
C̃ð3Þ11 −

1

2
C̃ð3Þ13 þ

1

2
C̃ð3Þ15 −

1

2
C̃ð3Þ19 þ

3

2
C̃ð3Þ17 þ C̃ð3Þ18 ;

Ẽð3Þ47 ¼ −
1

2
C̃ð3Þ30 þ

1

2
C̃ð3Þ32 ; Ẽð3Þ48 ¼ −

1

2
C̃ð3Þ31 þ C̃ð3Þ32 ; Ẽð3Þ49 ¼ −

1

2
C̃ð3Þ21 þ

1

2
C̃ð3Þ25 ; Ẽð3Þ50 ¼ −

1

2
C̃ð3Þ22 þ C̃ð3Þ25 ;

Ẽð3Þ51 ¼ −
1

2
C̃ð3Þ21 þ

1

2
C̃ð3Þ25 ; Ẽð3Þ60 ¼ −C̃ð3Þ37 þ C̃ð3Þ6 ; Ẽð3Þ62 ¼ C̃ð3Þ37 þ C̃ð3Þ6 ; Ẽð3Þ63 ¼

1

2
C̃ð3Þ39 þ C̃ð3Þ37 ;

Ẽð3Þ72 ¼
1

2
ffiffiffi
3
p C̃ð3Þ10 −

1

2
ffiffiffi
3
p C̃ð3Þ13 þ

1

4
ffiffiffi
3
p C̃ð3Þ1 −

1ffiffiffi
3
p C̃ð3Þ17 ; Ẽð3Þ73 ¼ −

11

4
ffiffiffi
3
p C̃ð3Þ17 þ

1ffiffiffi
3
p C̃ð3Þ1 þ

2ffiffiffi
3
p C̃ð3Þ10 þ

3
ffiffiffi
3
p

4
C̃ð3Þ19 ;

Ẽð3Þ74 ¼ −
10ffiffiffi
3
p C̃ð3Þ17 −

10ffiffiffi
3
p C̃ð3Þ18 −

1

2
ffiffiffi
3
p C̃ð3Þ10 −

1

2
ffiffiffi
3
p C̃ð3Þ11 þ

1

2
ffiffiffi
3
p C̃ð3Þ37 −

1

4
ffiffiffi
3
p C̃ð3Þ1 þ

1ffiffiffi
3
p C̃ð3Þ20 −

ffiffiffi
3
p

2
C̃ð3Þ15 ;

Ẽð3Þ75 ¼
1

2
ffiffiffi
3
p C̃ð3Þ1 þ

1ffiffiffi
3
p C̃ð3Þ10 þ

1ffiffiffi
3
p C̃ð3Þ11 −

1ffiffiffi
3
p C̃ð3Þ15 þ

1ffiffiffi
3
p C̃ð3Þ17 þ

1ffiffiffi
3
p C̃ð3Þ18 −

1ffiffiffi
3
p C̃ð3Þ20 þ

1ffiffiffi
3
p C̃ð3Þ37 ;

Ẽð3Þ77 ¼
1

2
ffiffiffi
3
p C̃ð3Þ1 þ

1ffiffiffi
3
p C̃ð3Þ10 −

1ffiffiffi
3
p C̃ð3Þ13 ; Ẽð3Þ78 ¼

1

2
ffiffiffi
3
p C̃ð3Þ1 þ

1ffiffiffi
3
p C̃ð3Þ10 þ

1ffiffiffi
3
p C̃ð3Þ11 −

1ffiffiffi
3
p C̃ð3Þ15 þ

1ffiffiffi
3
p C̃ð3Þ37 ;
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Ẽð3Þ80 ¼ −
1

2
ffiffiffi
3
p C̃ð3Þ1 −

1ffiffiffi
3
p C̃ð3Þ10 þ

1ffiffiffi
3
p C̃ð3Þ13 −

1ffiffiffi
3
p C̃ð3Þ17 þ

1ffiffiffi
3
p C̃ð3Þ19 ;

Ẽð3Þ82 ¼ −
1

2
ffiffiffi
3
p C̃ð3Þ1 −

1ffiffiffi
3
p C̃ð3Þ10 −

1ffiffiffi
3
p C̃ð3Þ11 þ

1ffiffiffi
3
p C̃ð3Þ15 þ

2ffiffiffi
3
p C̃ð3Þ17 þ

2ffiffiffi
3
p C̃ð3Þ18 −

ffiffiffi
3
p

C̃ð3Þ37 ; Ẽð3Þ85 ¼
1

2
ffiffiffi
3
p C̃ð3Þ30 þ

1

2
ffiffiffi
3
p C̃ð3Þ32 ;

Ẽð3Þ86 ¼
1

4
ffiffiffi
3
p C̃ð3Þ22 −

1

4
ffiffiffi
3
p C̃ð3Þ25 þ

ffiffiffi
3
p

4
C̃ð3Þ21 ; Ẽð3Þ89 ¼ −

1ffiffiffi
3
p C̃ð3Þ30 −

1ffiffiffi
3
p C̃ð3Þ31 −

1ffiffiffi
3
p C̃ð3Þ32 ;

Ẽð3Þ91 ¼
1

2
ffiffiffi
3
p C̃ð3Þ21 þ

1

2
ffiffiffi
3
p C̃ð3Þ22 þ

1

2
ffiffiffi
3
p C̃ð3Þ25 ; Ẽð3Þ92 ¼ −

1ffiffiffi
3
p C̃ð3Þ21 −

1ffiffiffi
3
p C̃ð3Þ22 þ

1ffiffiffi
3
p C̃ð3Þ25 ;

Ẽð3Þ94 ¼
1

2
ffiffiffi
3
p C̃ð3Þ21 þ

1

2
ffiffiffi
3
p C̃ð3Þ22 þ

1

2
ffiffiffi
3
p C̃ð3Þ25 ; Ẽð3Þ95 ¼ −

1

2
ffiffiffi
3
p C̃ð3Þ21 −

1

2
ffiffiffi
3
p C̃ð3Þ22 þ

ffiffiffi
3
p

2
C̃ð3Þ25 ;

Ẽð3Þ96 ¼ −
1ffiffiffi
3
p C̃ð3Þ21 −

1ffiffiffi
3
p C̃ð3Þ22 −

1ffiffiffi
3
p C̃ð3Þ25 : ðA6Þ

APPENDIX B: Oðp4Þ-ORDER RESULTS

This appendix gives Tables VIII and IX.

TABLE VIII. Independent terms in the relativistic Lagrangian at the order Oðp4Þ. Columns 2 and 7 (4 and 9) are for the two-flavor
(three-flavor) case. Columns 2, 4, 7, and 9 label the number for each term. The terms without a number are not independent. “I” means
that the term is chosen as an independent term in the heavy diquark limit.

On=on SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn On SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn

B̄huμuμihuνuνiB 1 I 1 I T̄μhfþνλihfþνλiTμ 436
B̄huμuνihuμuνiB 2 I 2 I T̄μhfþμνihfþλρiDνλTρ 437
B̄huμuμihuνuλiDνλB 3 I 3 I T̄μhfþνλihfþνρiDλρTμ 438
B̄huμuνihuμuλiDνλB 4 I 4 I iT̄μhfþμνihfþλρiσνλTρ 439
B̄huμuνihuλuρiDμνλρB 5 I 5 I T̄μhfþμνifþνλTλ þ H:c: 213 440
B̄huμuμiuνuνB 6 I T̄μhfþνλifþνλTμ 214 441
B̄huμuνiuμuνB 7 I T̄μhfþμνifþλρDνλTρ þ H:c: 215 442
B̄huμuμiuνuλDνλB 8 I T̄μhfþνλifþνρDλρTμ 216 443
B̄huμuνiuμuλDνλBþ H:c: 9 I iT̄μhfþμνifþλρσνλTρ þ H:c: 217 444
B̄huμuνiuλuλDμνB 10 I T̄μhfþμνfþνλiTλ 218 445
B̄huμuνiuλuρDμνλρB 11 I T̄μhfþνλfþνλiTμ 219 446
iB̄huμuμiuνuλσνλB 6 I 12 I T̄μhfþμνfþλρiDνλTρ 220 447
iB̄huμuνiuμuλσνλBþ H:c: 7 I 13 I T̄μhfþνλfþνρiDλρTμ 221 448
iB̄huμuνiuλuρσμλDνρBþ H:c: 8 I 14 I iT̄μhfþμνfþλρiσνλTρ 222 449
iB̄huμuνiuλuρσλρDμνB 9 I 15 I T̄μfþμνfþνλTλ 223 450
B̄huμuμuνiuνB 16 I T̄μfþνλfþμνTλ 451
B̄huμuμuνiuλDνλB 17 I T̄μfþνλfþνλTμ 452
B̄huμuνuλiuμDνλB 18 I T̄μfþμνfþλρDνλTρ 453
B̄huμuνuλiuρDμνλρB 19 I T̄μfþνλfþνρDλρTμ 454
iB̄huμuνuλiuμσνλB 20 I iT̄μfþμνfþλρσνλTρ 455
iB̄huμuνuλiuρσμνDλρB 21 I T̄μhuμuνiχþTν 224 456
B̄huμuμuνuνiB 22 I T̄μhuνuνiχþTμ 225 457
B̄huμuμuνuλiDνλB 23 I T̄μhuνuλiχþDνλTμ 226 458
iB̄huμuμuνuλiσνλB 24 I T̄μhuμuνχþiTν 227 459
iB̄huμuνuλuρiσμνDλρB 25 I T̄μhuνuμχþiTν 228 460
B̄uμuμuνuνB 26 I T̄μhuνuνχþiTμ 229 461

(Table continued)
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TABLE VIII. (Continued)

On=on SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn On SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn

B̄uμuμuνuλDνλBþ H:c: 27 I T̄μhuνuλχþiDνλTμ 230 462
iB̄uμuμuνuλσνλBþ H:c: 28 I T̄μhuμχþiuνTν þ H:c: 231 463
iB̄uμuνuμuλσνλBþ H:c: 29 I T̄μhuνχþiuνTμ 232 464
iB̄uμuνuλuρσμνDλρBþ H:c: 30 I T̄μhuνχþiuλDνλTμ 233 465
iB̄uμuνuλuρσμλDνρBþ H:c: 31 I T̄μhχþihuμuνiTν 466
B̄huμuνf−μλiγ5γνDλBþ H:c: 10 I 32 I T̄μhχþihuνuνiTμ 467
B̄huμuνf−μλiγ5γλDνBþ H:c: 11 I 33 I T̄μhχþihuνuλiDνλTμ 468
B̄huμuνhμλiγ5γνDλBþ H:c: 12 I 34 I T̄μhχþiuμuνTν 234 469
B̄huμuνhμλiγ5γλDνBþ H:c: 13 I 35 I T̄μhχþiuνuμTν 470
B̄huμuνhλρiγ5γμDνλρBþ H:c: 14 I 36 I T̄μhχþiuνuνTμ 471
B̄uμuμf−νλγ5γνDλBþ H:c: 37 I T̄μhχþiuνuλDνλTμ 472
B̄uμuνf−μλγ5γνDλBþ H:c: 38 I T̄μuμuνχþTν þ H:c: 473
B̄uμuνf−μλγ5γλDνBþ H:c: 39 I T̄μuνuμχþTν þ H:c: 474
B̄uμuνf−νλγ5γμDλBþ H:c: 40 I T̄μuνuνχþTμ þ H:c: 475
B̄uμuνf−νλγ5γλDμBþ H:c: 41 I T̄μuνuλχþDνλTμ þ H:c: 476
B̄uμuνf−λργ5γλDμνρBþ H:c: 42 I T̄μuμχþuνTν 477
B̄uμuμhνλγ5γνDλBþ H:c: 43 I T̄μuν∇λχþγ5γνDλTμ þ H:c: 235 478
B̄uμuνhμλγ5γνDλBþ H:c: 44 I T̄μuν∇λχþγ5γλDνTμ þ H:c: 236 479
B̄uμuνhμλγ5γλDνBþ H:c: 45 I T̄μf−νλχþγ5γνDλTμ þ H:c: 237 480
B̄uμuνhνλγ5γμDλBþ H:c: 46 I T̄μh∇ν∇νχþiTμ 238 481
B̄uμuνhνλγ5γλDμBþ H:c: 47 I T̄μ∇ν∇νχþTμ 239 482
B̄uμuνhλργ5γμDνλρBþ H:c: 48 I iT̄μhfþμνihχþiTν 240 483
B̄uμuνhλργ5γνDμλρBþ H:c: 49 I iT̄μhfþμνiχþTν 241 484
B̄uμuνhλργ5γλDμνρBþ H:c: 50 I iT̄μhfþμνχþiTν 242 485
B̄uμf−μνuλγ5γνDλBþ H:c: 51 I iT̄μhχþifþμνTν 243 486
B̄uμf−μνuλγ5γλDνBþ H:c: 52 I iT̄μfþμνχþTν þ H:c: 487
B̄uμhμνuλγ5γνDλBþ H:c: 53 I T̄μhχþihχþiTμ 244 488
ϵμνλρB̄huμuσif−νλDρσB 15 I 54 I T̄μhχþiχþTμ 245 489
ϵμνλρB̄huμuσf−νλiDρσBþ H:c: 55 I T̄μhχ2þiTμ 490
ϵμνλρB̄huμf−νλiuρB 16 I 56 I T̄μχ2þTμ 491
ϵμνλρB̄huμf−νλiuσDρσB 17 I 57 I iT̄μhuνuλχ−iγ5γνDλTμ þ H:c: 246 492
ϵμνλρB̄huμf−νσiuλDρσB 18 I 58 I iT̄μhχ−iuνuλγ5γνDλTμ þ H:c: 247 493
ϵμνλρB̄huμhνσiuλDρσB 19 I 59 I iT̄μuνuλχ−γ5γνDλTμ þ H:c: 494
ϵμνλρB̄uμuνf−λρBþ H:c: 60 I iT̄μuνuλχ−γ5γλDνTμ þ H:c: 495
ϵμνλρB̄uμuνf−λσDρσBþ H:c: 61 I iT̄μuνχ−uλγ5γνDλTμ þ H:c: 496
ϵμνλρB̄uμuσf−νλDρσBþ H:c: 62 I iT̄μhuμ∇νχ−iTν þ H:c: 248 497
ϵμνλρB̄uμuνhλσDρσBþ H:c: 63 I iT̄μhuν∇νχ−iTμ 249 498
B̄huμ∇νf−μνiB 20 I 64 I iT̄μhuν∇λχ−iDνλTμ 250 499
B̄huμ∇νf−μλiDνλB 21 I 65 I iT̄μhχ−ihμνTν 251 500
B̄huμ∇νf−νλiDμλB 22 I 66 I iT̄μhχ−ihνλDνλTμ 252 501
B̄huμ∇μhνλiDνλB 23 I 67 I iT̄μh∇νχ−iuνTμ 253 502
B̄huμ∇νhλρiDμνλρB 24 I 68 I iT̄μuμ∇νχ−Tν þ H:c: 254 503
B̄hhμνhμνiB 25 I 69 I iT̄μuν∇μχ−Tν þ H:c: 504
B̄uμ∇νf−μνBþ H:c: 70 I iT̄μuν∇νχ−Tμ þ H:c: 505
B̄uμ∇νf−μλDνλBþ H:c: 71 I iT̄μuν∇λχ−DνλTμ þ H:c: 506
B̄uμ∇νf−νλDμλBþ H:c: 72 I T̄μhfþνλihχ−iγ5γνDλTμ 255 507
iB̄uμ∇μf−νλσνλBþ H:c: 26 I 73 I T̄μhfþνλiχ−γ5γνDλTμ 256 508
iB̄uμ∇νf−νλσμλBþ H:c: 27 I 74 I T̄μhfþνλχ−iγ5γνDλTμ 257 509
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TABLE VIII. (Continued)

On=on SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn On SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn

iB̄uμ∇νf−λρσμλDνρBþ H:c: 28 I 75 I T̄μhχ−ifþνλγ5γνDλTμ 258 510
iB̄uμ∇νf−λρσνλDμρBþ H:c: 29 I 76 I T̄μfþνλχ−γ5γνDλTμ þ H:c: 511
B̄uμ∇μhνλDνλBþ H:c: 77 I T̄μhχ−ihχ−iTμ 259 512
B̄uμ∇νhλρDμνλρBþ H:c: 78 I T̄μhχ−iχ−Tμ 260 513
iB̄uμ∇νhλρσμνDλρBþ H:c: 30 I 79 I T̄μχ2−Tμ 514
B̄f−μνf−μνB 80 I T̄μhFLμ

νFLν
λiTλ þ P 261 515

B̄f−μνf−μλDνλB 81 I T̄μhFL
νλFLνλiTμ þ P 262 516

iB̄f−μνf−μλσνλB 31 I 82 I T̄μhFLμ
νFL

λρiDνλTρ þ P 263 517
iB̄f−μνf−λρσμλDνρB 32 I 83 I T̄μhFL

νλFLν
ρiDλρTμ þ P 264 518

iB̄f−μνhμλσνλBþ H:c: 33 I 84 I iT̄μhFLμ
νFL

λρiσνλTρ þ P 265 519
B̄hμνhμνB 85 I T̄μhFLμ

νihFLν
λiTλ þ P 266

iB̄hμνhμλσνλB 34 I 86 I T̄μhFL
νλihFLνλiTμ þ P 267

B̄hfþμνihuμuλiσνλB 35 I 87 T̄μhFLμ
νihFL

λρiDνλTρ þ P 268
B̄hfþμνihuλuλiσμνB 36 I 88 T̄μhFL

νλihFLν
ρiDλρTμ þ P 269

B̄hfþμνihuλuρiσμνDλρB 37 I 89 iT̄μhFLμ
νihFL

λρiσνλTρ þ P 270
B̄hfþμνihuλuρiσμλDνρB 38 I 90 T̄μhχχ†iTμ 271 520
iB̄hfþμνiuμuνB 39 I 91 T̄μ det χTμ þ H:c: 272
iB̄hfþμνiuμuλDνλBþ H:c: 40 I 92 B̄huμuμihuνuλiγ5γνTλ þ H:c: 273 521
B̄hfþμνiuμuλσνλBþ H:c: 93 B̄huμuνihuμuλiγ5γνTλ þ H:c: 274 522
B̄hfþμνiuλuλσμνB 94 B̄huμuνihuλuρiγ5γμDνλTρ þ H:c: 275 523
B̄hfþμνiuλuρσμνDλρB 95 B̄huμuνihuλuρiγ5γμDλρTν þ H:c: 276 524
B̄hfþμνiuλuρσμλDνρBþ H:c: 96 B̄huμuμiuνuλγ5γνTλ þ H:c: 277 525
B̄hfþμνuμiuλσνλB 41 I 97 I B̄huμuμiuνuλγ5γλTν þ H:c: 526
B̄hfþμνuλiuμσνλB 42 I 98 I B̄huμuνiuμuλγ5γνTλ þ H:c: 278 527
B̄hfþμνuλiuλσμνB 43 I 99 I B̄huμuνiuμuλγ5γλTν þ H:c: 279 528
B̄hfþμνuλiuρσμνDλρB 44 I 100 I B̄huμuνiuλuμγ5γνTλ þ H:c: 529
B̄hfþμνuλiuρσμλDνρB 45 I 101 I B̄huμuνiuλuμγ5γλTν þ H:c: 530
B̄hfþμνuλiuρσμρDνλB 46 I 102 I B̄huμuνiuλuλγ5γμTν þ H:c: 531
iB̄hfþμνuμuνiB 47 I 103 I B̄huμuνiuλuργ5γμDνλTρ þ H:c: 280 532
iB̄hfþμνuμuλiDνλBþ H:c: 48 I 104 I B̄huμuνiuλuργ5γμDνρTλ þ H:c: 533
B̄hfþμνuμuλiσνλBþ H:c: 105 I B̄huμuνiuλuργ5γμDλρTν þ H:c: 534
B̄hfþμνuλuλiσμνB 106 I B̄huμuνiuλuργ5γλDμνTρ þ H:c: 281 535
B̄hfþμνuλuρiσμνDλρB 107 I B̄huμuνiuλuργ5γλDμρTν þ H:c: 282 536
B̄hfþμνuλuρiσμλDνρBþ H:c: 108 I B̄huμuνiuλuργ5γρDμνTλ þ H:c: 537
B̄huμuμifþνλσνλB 49 I 109 I B̄huμuνiuλuργ5γρDμλTν þ H:c: 538
B̄huμuνifþμλσνλB 50 I 110 I B̄huμuμuνiuλγ5γνTλ þ H:c: 539
B̄huμuνifþλρσμλDνρB 51 I 111 I B̄huμuμuνiuλγ5γλTν þ H:c: 540
B̄huμuνifþλρσλρDμνB 52 I 112 I B̄huμuνuλiuμγ5γνTλ þ H:c: 541
iB̄fþμνuμuνBþ H:c: 113 I B̄huμuνuλiuμγ5γλTν þ H:c: 542
iB̄fþμνuμuλDνλBþ H:c: 114 I B̄huμuνuλiuργ5γμDνλTρ þ H:c: 543
iB̄fþμνuλuμDνλBþ H:c: 115 I B̄huμuνuλiuργ5γμDνρTλ þ H:c: 544
B̄fþμνuμuλσνλBþ H:c: 116 I B̄huμuνuλiuργ5γμDλρTν þ H:c: 545
B̄fþμνuλuμσνλBþ H:c: 117 I B̄huμuνuλiuργ5γρDμνTλ þ H:c: 546
B̄fþμνuλuλσμνBþ H:c: 118 I B̄huμuμuνuλiγ5γνTλ þ H:c: 547
B̄fþμνuλuρσμνDλρBþ H:c: 119 I B̄huμuμuνuλiγ5γλTν þ H:c: 548
B̄fþμνuλuρσμλDνρBþ H:c: 120 I B̄huμuνuλuρiγ5γμDνλTρ þ H:c: 549
B̄fþμνuλuρσμρDνλBþ H:c: 121 I B̄huμuνuλuρiγ5γμDνρTλ þ H:c: 550
iB̄uμfþμνuνB 122 I B̄uμuμuνuλγ5γνTλ þ H:c: 551
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TABLE VIII. (Continued)

On=on SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn On SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn

iB̄uμfþμνuλDνλBþ H:c: 123 I B̄uμuμuνuλγ5γλTν þ H:c: 552
iB̄hfþμνif−μλγ5γνDλB 53 I 124 B̄uμuνuμuλγ5γνTλ þ H:c: 553
iB̄hfþμνif−μλγ5γλDνB 54 I 125 B̄uμuνuμuλγ5γλTν þ H:c: 554
iB̄hfþμνihμλγ5γνDλB 55 I 126 B̄uμuνuλuμγ5γνTλ þ H:c: 555
iB̄hfþμνihμλγ5γλDνB 56 I 127 B̄uμuνuλuργ5γμDνλTρ þ H:c: 556
iB̄hfþμνihλργ5γμDνλρB 57 I 128 B̄uμuνuλuργ5γμDνρTλ þ H:c: 557
iB̄hfþμνf−μλiγ5γνDλB 58 I 129 I B̄uμuνuλuργ5γνDμλTρ þ H:c: 558
iB̄hfþμνf−μλiγ5γλDνB 59 I 130 I B̄uμuνuλuργ5γνDλρTμ þ H:c: 559
iB̄hfþμνhμλiγ5γνDλB 60 I 131 I B̄uμuνuλuργ5γλDμρTν þ H:c: 560
iB̄hfþμνhμλiγ5γλDνB 61 I 132 I B̄huμuμif−νλDνTλ þ H:c: 283 561
iB̄hfþμνhλρiγ5γμDνλρB 62 I 133 I B̄huμuνif−μλDνTλ þ H:c: 284 562
iB̄h∇μfþμνiuλγ5γνDλB 63 I 134 B̄huμuνif−μλDλTν þ H:c: 285 563
iB̄h∇μfþμνiuλγ5γλDνB 64 I 135 B̄huμuνif−λρDμνλTρ þ H:c: 286 564
iB̄h∇μfþνλiuμγ5γνDλB 65 I 136 iB̄huμuνif−λρσμλDνTρ þ H:c: 287 565
iB̄h∇μfþμνuλiγ5γνDλB 66 I 137 I iB̄huμuνif−λρσμλDρTν þ H:c: 288 566
iB̄h∇μfþμνuλiγ5γλDνB 67 I 138 I B̄huμuμihνλDνTλ þ H:c: 289 567
iB̄h∇μfþνλuμiγ5γνDλB 68 I 139 I B̄huμuνihμλDνTλ þ H:c: 290 568
iB̄fþμνf−μλγ5γνDλBþ H:c: 140 I B̄huμuνihμλDλTν þ H:c: 291 569
iB̄fþμνf−μλγ5γλDνBþ H:c: 141 I B̄huμuνihλρDμνλTρ þ H:c: 292 570
iB̄fþμνhμλγ5γνDλBþ H:c: 142 I B̄huμuνihλρDμλρTν þ H:c: 293 571
iB̄fþμνhμλγ5γλDνBþ H:c: 143 I iB̄huμuνihλρσμλDνTρ þ H:c: 294 572
iB̄fþμνhλργ5γμDνλρBþ H:c: 144 I iB̄huμuνihλρσμλDρTν þ H:c: 295 573
iB̄∇μfþμνuλγ5γνDλBþ H:c: 145 I B̄huμuμf−νλiDνTλ þ H:c: 574
iB̄∇μfþμνuλγ5γλDνBþ H:c: 146 I B̄huμuνf−μλiDνTλ þ H:c: 296 575
iB̄∇μfþνλuμγ5γνDλBþ H:c: 147 I B̄huμuνf−μλiDλTν þ H:c: 297 576
iϵμνλρB̄fþμνf−λρBþ H:c: 69 I 148 I B̄huμuνf−νλiDμTλ þ H:c: 577
iϵμνλρB̄fþμνf−λσDρσBþ H:c: 70 I 149 I B̄huμuνf−νλiDλTμ þ H:c: 578
iϵμνλρB̄fþμνhλσDρσBþ H:c: 71 I 150 I B̄huμuνf−λρiDμνλTρ þ H:c: 579
B̄h∇μ∇μfþνλiσνλB 151 iB̄huμuνf−λρiσμνDλTρ þ H:c: 298 580
B̄∇μ∇μfþνλσνλB 72 I 152 I iB̄huμuνf−λρiσμλDνTρ þ H:c: 299 581
B̄hfþμνihfþμνiB 153 iB̄huμuνf−λρiσμλDρTν þ H:c: 582
B̄hfþμνihfþμλiDνλB 154 iB̄huμuνf−λρiσνλDμTρ þ H:c: 583
B̄hfþμνifþμνB 73 I 155 B̄huμuμhνλiDνTλ þ H:c: 584
B̄hfþμνifþμλDνλB 74 I 156 B̄huμuνhμλiDνTλ þ H:c: 300 585
B̄hfþμνfþμνiB 75 I 157 I B̄huμuνhμλiDλTν þ H:c: 301 586
B̄hfþμνfþμλiDνλB 76 I 158 I B̄huμuνhλρiDμλρTν þ H:c: 302 587
B̄fþμνfþμνB 159 I iB̄huμuνhλρiσμνDλTρ þ H:c: 303 588
B̄fþμνfþμλDνλB 160 I iB̄huμuνhλρiσμλDνTρ þ H:c: 589
iB̄fþμνfþμλσνλB 77 I 161 I iB̄huμuνhλρiσμλDρTν þ H:c: 590
iB̄fþμνfþλρσμλDνρB 78 I 162 I B̄huμf−μνiuλDνTλ þ H:c: 304 591
B̄huμuμiχþB 79 I 163 I B̄huμf−μνiuλDλTν þ H:c: 305 592
B̄huμuνiχþDμνB 80 I 164 I B̄huμf−νλiuμDνTλ þ H:c: 306 593
B̄huμuμχþiB 81 I 165 I B̄huμf−νλiuνDμTλ þ H:c: 307 594
B̄huμuνχþiDμνB 82 I 166 I B̄huμf−νλiuνDλTμ þ H:c: 308 595
iB̄huμuνχþiσμνB 83 I 167 I B̄huμf−νλiuρDμνρTλ þ H:c: 309 596
B̄huμχþiuμB 84 I 168 I iB̄huμf−νλiuρσμνDλTρ þ H:c: 310 597
B̄huμχþiuνDμνB 85 I 169 I iB̄huμf−νλiuρσμνDρTλ þ H:c: 311 598
B̄hχþihuμuμiB 170 I iB̄huμf−νλiuρσμρDνTλ þ H:c: 312 599
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TABLE VIII. (Continued)

On=on SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn On SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn

B̄hχþihuμuνiDμνB 171 I iB̄huμf−νλiuρσνλDμTρ þ H:c: 313 600
B̄hχþiuμuμB 172 I B̄huμhνλiuμDνTλ þ H:c: 314 601
B̄hχþiuμuνDμνB 173 I iB̄huμhνλiuρσμνDλTρ þ H:c: 315 602
iB̄hχþiuμuνσμνB 86 I 174 I iB̄huμhνλiuρσμνDρTλ þ H:c: 316 603
B̄uμuμχþBþ H:c: 175 I B̄uμuμf−νλDνTλ þ H:c: 604
B̄uμuνχþDμνBþ H:c: 176 I B̄uμuνf−μλDνTλ þ H:c: 605
iB̄uμuνχþσμνBþ H:c: 177 I B̄uμuνf−μλDλTν þ H:c: 606
iB̄uμχþuνσμνB 178 I B̄uμuνf−νλDμTλ þ H:c: 607
B̄uμ∇νχþγ5γμDνBþ H:c: 87 I 179 I B̄uμuνf−νλDλTμ þ H:c: 608
B̄uμ∇νχþγ5γνDμBþ H:c: 88 I 180 I B̄uμuνf−λρDμνλTρ þ H:c: 609
B̄f−μνχþγ5γμDνBþ H:c: 89 I 181 I iB̄uμuνf−λρσμνDλTρ þ H:c: 610
B̄h∇μ∇μχþiB 90 I 182 I iB̄uμuνf−λρσμλDνTρ þ H:c: 611
B̄∇μ∇μχþB 91 I 183 I iB̄uμuνf−λρσμλDρTν þ H:c: 612
B̄hfþμνihχþiσμνB 92 I 184 iB̄uμuνf−λρσνλDμTρ þ H:c: 613
B̄hfþμνiχþσμνB 93 I 185 B̄uμuμhνλDνTλ þ H:c: 614
B̄hfþμνχþiσμνB 94 I 186 I B̄uμuνhμλDνTλ þ H:c: 615
B̄hχþifþμνσμνB 95 I 187 I B̄uμuνhμλDλTν þ H:c: 616
B̄fþμνχþσμνBþ H:c: 188 I B̄uμuνhνλDμTλ þ H:c: 617
B̄hχþihχþiB 96 I 189 I B̄uμuνhνλDλTμ þ H:c: 618
B̄hχþiχþB 97 I 190 I B̄uμuνhλρDμνλTρ þ H:c: 619
B̄hχ2þiB 191 I B̄uμuνhλρDμλρTν þ H:c: 620
B̄χ2þB 192 I B̄uμuνhλρDνλρTμ þ H:c: 621
iB̄huμuνχ−iγ5γμDνBþ H:c: 98 I 193 I iB̄uμuνhλρσμνDλTρ þ H:c: 622
iB̄hχ−iuμuνγ5γμDνBþ H:c: 99 I 194 I iB̄uμuνhλρσμλDνTρ þ H:c: 623
iB̄uμuνχ−γ5γμDνBþ H:c: 195 I iB̄uμuνhλρσμλDρTν þ H:c: 624
iB̄uμuνχ−γ5γνDμBþ H:c: 196 I iB̄uμuνhλρσνλDμTρ þ H:c: 625
iB̄uμχ−uνγ5γμDνBþ H:c: 197 I B̄uμf−μνuλDνTλ þ H:c: 626
iB̄huμ∇μχ−iB 100 I 198 I B̄uμf−μνuλDλTν þ H:c: 627
iB̄huμ∇νχ−iDμνB 101 I 199 I B̄uμf−νλuμDνTλ þ H:c: 628
iB̄hχ−ihμνDμνB 102 I 200 I B̄uμf−νλuνDμTλ þ H:c: 629
iB̄h∇μχ−iuμB 103 I 201 I B̄uμf−νλuνDλTμ þ H:c: 630
iB̄uμ∇μχ−Bþ H:c: 202 I B̄uμf−νλuρDμνρTλ þ H:c: 631
iB̄uμ∇νχ−DμνBþ H:c: 203 I iB̄uμf−νλuρσμνDλTρ þ H:c: 632
B̄uμ∇νχ−σμνBþ H:c: 104 I 204 I iB̄uμf−νλuρσμνDρTλ þ H:c: 633
B̄f−μνχ−σμνBþ H:c: 105 I 205 I iB̄uμf−νλuρσμρDνTλ þ H:c: 634
B̄hfþμνihχ−iγ5γμDνB 106 I 206 iB̄uμf−νλuρσνλDμTρ þ H:c: 635
B̄hfþμνiχ−γ5γμDνB 107 I 207 B̄uμhμνuλDνTλ þ H:c: 636
B̄hfþμνχ−iγ5γμDνB 108 I 208 I B̄uμhμνuλDλTν þ H:c: 637
B̄hχ−ifþμνγ5γμDνB 109 I 209 I B̄uμhνλuμDνTλ þ H:c: 638
B̄fþμνχ−γ5γμDνBþ H:c: 210 I B̄uμhνλuρDμνλTρ þ H:c: 639
B̄hχ−ihχ−iB 110 I 211 I B̄uμhνλuρDμνρTλ þ H:c: 640
B̄hχ−iχ−B 111 I 212 I iB̄uμhνλuρσμνDρTλ þ H:c: 641
B̄χ2−B 213 I iB̄uμhνλuρσμρDνTλ þ H:c: 642
B̄hDμDμFL

νλiσνλBþ P 112 I B̄f−μνuμuλDνTλ þ H:c: 643
B̄hFL

μνFLμνiBþ P 113 I 214 I B̄f−μνuμuλDλTν þ H:c: 644
B̄hFL

μνFLμ
λiDνλBþ P 114 I 215 I iB̄f−μνuλuρσμνDλTρ þ H:c: 645

B̄hFL
μνihFLμνiBþ P 115 I B̄huμ∇μf−νλiγ5γνTλ þ H:c: 317 646

B̄hFL
μνihFLμ

λiDνλBþ P 116 I B̄huμ∇νf−μλiγ5γνTλ þ H:c: 318 647
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TABLE VIII. (Continued)

On=on SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn On SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn

B̄hχχ†iB 117 I 216 I B̄huμ∇νf−νλiγ5γμTλ þ H:c: 319 648
B̄ det χBþ H:c: 118 I B̄huμ∇νf−νλiγ5γλTμ þ H:c: 320 649
T̄μhuμuνihuνuλiTλ 119 217 B̄huμ∇νf−λρiγ5γμDνλTρ þ H:c: 321 650
T̄μhuμuνihuλuλiTν 120 218 B̄huμ∇νf−λρiγ5γνDμλTρ þ H:c: 322 651
T̄μhuνuνihuλuλiTμ 121 219 B̄huμ∇νf−λρiγ5γλDμνTρ þ H:c: 323 652
T̄μhuνuλihuνuλiTμ 122 220 B̄huμ∇μhνλiγ5γνTλ þ H:c: 324 653
T̄μhuμuνihuλuρiDνλTρ 123 221 B̄huμ∇νhλρiγ5γμDνλTρ þ H:c: 325 654
T̄μhuμuνihuλuρiDλρTν 124 222 B̄hf−μνhμλiγ5γνTλ þ H:c: 326 655
T̄μhuνuνihuλuρiDλρTμ 125 223 B̄hhμνhμλiγ5γνTλ þ H:c: 327 656
T̄μhuνuλihuνuρiDλρTμ 126 224 B̄uμ∇μf−νλγ5γνTλ þ H:c: 328 657
T̄μhuνuλihuρuσiDνλρσTμ 127 225 B̄uμ∇νf−μλγ5γνTλ þ H:c: 329 658
iT̄μhuμuνihuλuρiσνλTρ 128 226 B̄uμ∇νf−νλγ5γμTλ þ H:c: 330 659
T̄μhuμuνiuνuλTλ þ H:c: 129 227 B̄uμ∇νf−νλγ5γλTμ þ H:c: 331 660
T̄μhuμuνiuλuνTλ þ H:c: 228 B̄uμ∇νf−λργ5γμDνλTρ þ H:c: 332 661
T̄μhuμuνiuλuλTν 229 B̄uμ∇νf−λργ5γνDμλTρ þ H:c: 333 662
T̄μhuνuνiuμuλTλ 130 230 B̄uμ∇νf−λργ5γλDμνTρ þ H:c: 334 663
T̄μhuνuνiuλuμTλ 231 B̄uμ∇νf−λργ5γλDνρTμ þ H:c: 335 664
T̄μhuνuνiuλuλTμ 232 B̄uμ∇μhνλγ5γνTλ þ H:c: 336 665
T̄μhuνuλiuνuλTμ 233 B̄uμ∇νhλργ5γμDνλTρ þ H:c: 337 666
T̄μhuμuνiuλuρDνλTρ þ H:c: 131 234 B̄uμ∇νhλργ5γνDμλTρ þ H:c: 667
T̄μhuμuνiuλuρDνρTλ þ H:c: 235 B̄uμ∇νhλργ5γνDλρTμ þ H:c: 668
T̄μhuμuνiuλuρDλρTν 236 B̄f−μνf−μλγ5γνTλ þ H:c: 338 669
T̄μhuνuνiuλuρDλρTμ 237 B̄f−μνf−μλγ5γλTν þ H:c: 670
T̄μhuνuλiuμuρDνλTρ 132 238 B̄f−μνf−λργ5γμDνλTρ þ H:c: 671
T̄μhuνuλiuνuρDλρTμ þ H:c: 239 B̄f−μνhμλγ5γνTλ þ H:c: 339 672
T̄μhuνuλiuρuμDνλTρ 240 B̄f−μνhμλγ5γλTν þ H:c: 673
T̄μhuνuλiuρuρDνλTμ 241 B̄f−μνhλργ5γμDνλTρ þ H:c: 674
T̄μhuνuλiuρuσDνλρσTμ 242 B̄f−μνhλργ5γμDλρTν þ H:c: 675
iT̄μhuμuνiuλuρσνλTρ þ H:c: 133 243 B̄∇μf−μνuλγ5γνTλ þ H:c: 676
iT̄μhuμuνiuλuρσνρTλ þ H:c: 244 B̄∇μf−μνuλγ5γλTν þ H:c: 677
T̄μhuμuνuνiuλTλ þ H:c: 245 B̄∇μf−νλuνγ5γμTλ þ H:c: 678
T̄μhuμuνuλiuνTλ 246 B̄hμνf−μλγ5γνTλ þ H:c: 679
T̄μhuμuνuλiuλTν 247 B̄hμνhμλγ5γνTλ þ H:c: 340 680
T̄μhuνuνuλiuλTμ 248 B̄hμνhμλγ5γλTν þ H:c: 681
T̄μhuμuνuλiuρDνλTρ þ H:c: 249 B̄∇μhνλuμγ5γνTλ þ H:c: 682
T̄μhuμuνuλiuρDνρTλ 250 iB̄hfþμνihuμuλiγ5γνTλ þ H:c: 341 683
T̄μhuμuνuλiuρDλρTν 251 iB̄hfþμνihuμuλiγ5γλTν þ H:c: 342 684
T̄μhuνuνuλiuρDλρTμ 252 iB̄hfþμνihuλuλiγ5γμTν þ H:c: 343 685
T̄μhuνuλuρiuνDλρTμ 253 iB̄hfþμνihuλuρiγ5γμDνλTρ þ H:c: 344 686
T̄μhuνuλuρiuσDνλρσTμ 254 iB̄hfþμνihuλuρiγ5γμDλρTν þ H:c: 345 687
T̄μhuμuνuνuλiTλ 255 iB̄hfþμνihuλuρiγ5γλDμρTν þ H:c: 346 688
T̄μhuμuνuλuνiTλ 256 iB̄hfþμνiuμuλγ5γνTλ þ H:c: 347 689
T̄μhuνuνuλuλiTμ 257 iB̄hfþμνiuμuλγ5γλTν þ H:c: 348 690
T̄μhuμuνuλuρiDνλTρ 258 iB̄hfþμνiuλuμγ5γνTλ þ H:c: 691
T̄μhuμuνuλuρiDνρTλ 259 iB̄hfþμνiuλuμγ5γλTν þ H:c: 692
T̄μhuνuνuλuρiDλρTμ 260 iB̄hfþμνiuλuλγ5γμTν þ H:c: 693
iT̄μhuμuνuλuρiσνλTρ 261 iB̄hfþμνiuλuργ5γμDνλTρ þ H:c: 349 694
T̄μuμuνuνuλTλ 262 iB̄hfþμνiuλuργ5γμDνρTλ þ H:c: 695
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TABLE VIII. (Continued)

On=on SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn On SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn

T̄μuμuνuλuνTλ þ H:c: 263 iB̄hfþμνiuλuργ5γμDλρTν þ H:c: 696
T̄μuνuμuλuλTν þ H:c: 264 iB̄hfþμνiuλuργ5γλDμρTν þ H:c: 350 697
T̄μuνuνuλuλTμ 265 iB̄hfþμνiuλuργ5γρDμλTν þ H:c: 698
T̄μuμuνuλuρDνλTρ 266 iB̄hfþμνuμiuλγ5γνTλ þ H:c: 351 699
T̄μuμuνuλuρDνρTλ þ H:c: 267 iB̄hfþμνuμiuλγ5γλTν þ H:c: 352 700
T̄μuνuμuλuρDλρTν þ H:c: 268 iB̄hfþμνuλiuμγ5γνTλ þ H:c: 353 701
T̄μuνuνuλuρDλρTμ þ H:c: 269 iB̄hfþμνuλiuμγ5γλTν þ H:c: 354 702
iT̄μuμuνuλuρσνλTρ 270 iB̄hfþμνuλiuλγ5γμTν þ H:c: 355 703
iT̄μuμuνuλuρσνρTλ þ H:c: 271 iB̄hfþμνuλiuργ5γμDνλTρ þ H:c: 356 704
T̄μhuμuνif−λργ5γνDλTρ þ H:c: 134 272 iB̄hfþμνuλiuργ5γμDνρTλ þ H:c: 357 705
T̄μhuμuνif−λργ5γλDνTρ þ H:c: 135 273 iB̄hfþμνuλiuργ5γμDλρTν þ H:c: 358 706
T̄μhuνuλif−μργ5γνDλTρ 136 274 iB̄hfþμνuλiuργ5γλDμρTν þ H:c: 359 707
T̄μhuμuνihλργ5γνDλTρ þ H:c: 137 275 iB̄hfþμνuλiuργ5γρDμλTν þ H:c: 708
T̄μhuμuνihλργ5γλDνTρ þ H:c: 138 276 iB̄hfþμνuμuλiγ5γνTλ þ H:c: 360 709
T̄μhuμuνf−λρiγ5γνDλTρ þ H:c: 139 277 iB̄hfþμνuμuλiγ5γλTν þ H:c: 361 710
T̄μhuμuνf−λρiγ5γλDνTρ þ H:c: 140 278 iB̄hfþμνuλuμiγ5γνTλ þ H:c: 711
T̄μhuνuμf−λρiγ5γνDλTρ þ H:c: 279 iB̄hfþμνuλuμiγ5γλTν þ H:c: 712
T̄μhuνuμf−λρiγ5γλDνTρ þ H:c: 280 iB̄hfþμνuλuλiγ5γμTν þ H:c: 713
T̄μhuνuλf−μρiγ5γνDλTρ þ H:c: 281 iB̄hfþμνuλuρiγ5γμDνλTρ þ H:c: 362 714
T̄μhuμuνhλρiγ5γνDλTρ þ H:c: 141 282 iB̄hfþμνuλuρiγ5γμDνρTλ þ H:c: 715
T̄μhuμuνhλρiγ5γλDνTρ þ H:c: 142 283 iB̄hfþμνuλuρiγ5γμDλρTν þ H:c: 716
T̄μhuνuμhλρiγ5γνDλTρ þ H:c: 284 iB̄hfþμνuλuρiγ5γλDμρTν þ H:c: 363 717
T̄μhuνuλhνρiγ5γλDρTμ þ H:c: 143 285 iB̄hfþμνuλuρiγ5γρDμλTν þ H:c: 718
T̄μhuμf−νλiuργ5γνDλTρ þ H:c: 144 286 iB̄huμuμifþνλγ5γνTλ þ H:c: 364 719
T̄μhuμf−νλiuργ5γνDρTλ þ H:c: 145 287 iB̄huμuνifþμλγ5γνTλ þ H:c: 365 720
T̄μhuμf−νλiuργ5γρDνTλ þ H:c: 146 288 iB̄huμuνifþμλγ5γλTν þ H:c: 366 721
T̄μhuνf−μλiuργ5γνDλTρ þ H:c: 147 289 iB̄huμuνifþλργ5γμDνλTρ þ H:c: 367 722
T̄μhuνf−μλiuργ5γνDρTλ 148 290 iB̄huμuνifþλργ5γλDμνTρ þ H:c: 368 723
T̄μhuνf−μλiuργ5γλDνTρ þ H:c: 149 291 iB̄huμuνifþλργ5γλDμρTν þ H:c: 369 724
T̄μhuνf−μλiuργ5γρDνTλ 150 292 iB̄fþμνuμuλγ5γνTλ þ H:c: 725
T̄μhuμhνλiuργ5γνDλTρ þ H:c: 151 293 iB̄fþμνuμuλγ5γλTν þ H:c: 726
T̄μuμuνf−λργ5γνDλTρ þ H:c: 294 iB̄fþμνuλuμγ5γνTλ þ H:c: 727
T̄μuμuνf−λργ5γλDνTρ þ H:c: 295 iB̄fþμνuλuμγ5γλTν þ H:c: 728
T̄μuμuνf−λργ5γλDρTν þ H:c: 296 iB̄fþμνuλuλγ5γμTν þ H:c: 729
T̄μuνuμf−λργ5γνDλTρ þ H:c: 297 iB̄fþμνuλuργ5γμDνλTρ þ H:c: 730
T̄μuνuμf−λργ5γλDνTρ þ H:c: 298 iB̄fþμνuλuργ5γμDνρTλ þ H:c: 731
T̄μuνuμf−λργ5γλDρTν þ H:c: 299 iB̄fþμνuλuργ5γμDλρTν þ H:c: 732
T̄μuνuνf−λργ5γλDρTμ þ H:c: 300 iB̄fþμνuλuργ5γλDμρTν þ H:c: 733
T̄μuνuλf−μργ5γνDλTρ þ H:c: 301 iB̄fþμνuλuργ5γρDμλTν þ H:c: 734
T̄μuνuλf−μργ5γνDρTλ þ H:c: 302 iB̄uμfþμνuλγ5γνTλ þ H:c: 735
T̄μuνuλf−μργ5γλDνTρ þ H:c: 303 iB̄uμfþμνuλγ5γλTν þ H:c: 736
T̄μuνuλf−μργ5γλDρTν þ H:c: 304 iB̄uμfþνλuμγ5γνTλ þ H:c: 737
T̄μuνuλf−μργ5γρDνTλ þ H:c: 305 iB̄uμfþνλuνγ5γμTλ þ H:c: 738
T̄μuνuλf−μργ5γρDλTν þ H:c: 306 iB̄uμfþνλuνγ5γλTμ þ H:c: 739
T̄μuνuλf−νργ5γλDρTμ þ H:c: 307 iB̄uμfþνλuργ5γμDνρTλ þ H:c: 740
T̄μuμuνhλργ5γνDλTρ þ H:c: 308 iB̄uμfþνλuργ5γνDμλTρ þ H:c: 741
T̄μuμuνhλργ5γλDνTρ þ H:c: 309 iB̄uμfþνλuργ5γνDμρTλ þ H:c: 742
T̄μuμuνhλργ5γλDρTν þ H:c: 310 iB̄uμfþνλuργ5γνDλρTμ þ H:c: 743
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TABLE VIII. (Continued)

On=on SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn On SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn

T̄μuνuμhλργ5γνDλTρ þ H:c: 311 iB̄uμuνfþμλγ5γνTλ þ H:c: 744
T̄μuνuμhλργ5γλDνTρ þ H:c: 312 iB̄uμuνfþμλγ5γλTν þ H:c: 745
T̄μuνuμhλργ5γλDρTν þ H:c: 313 iB̄uμuνfþλργ5γλDμρTν þ H:c: 746
T̄μuνuνhλργ5γλDρTμ þ H:c: 314 iB̄hfþμνif−μλDνTλ þ H:c: 370 747
T̄μuνuλhμργ5γνDλTρ þ H:c: 315 iB̄hfþμνif−μλDλTν þ H:c: 371 748
T̄μuνuλhμργ5γνDρTλ þ H:c: 316 B̄hfþμνif−λρσμνDλTρ þ H:c: 372 749
T̄μuνuλhμργ5γλDνTρ þ H:c: 317 B̄hfþμνif−λρσμλDνTρ þ H:c: 373 750
T̄μuνuλhνργ5γλDρTμ þ H:c: 318 iB̄hfþμνihμλDνTλ þ H:c: 374 751
T̄μuνuλhνργ5γρDλTμ þ H:c: 319 iB̄hfþμνihμλDλTν þ H:c: 375 752
T̄μuνuλhρσγ5γνDλρσTμ þ H:c: 320 iB̄hfþμνihλρDμλρTν þ H:c: 376 753
T̄μuμf−νλuργ5γνDρTλ þ H:c: 321 B̄hfþμνihλρσμνDλTρ þ H:c: 377 754
T̄μhuμ∇νf−νλiTλ þ H:c: 152 322 B̄hfþμνihλρσμλDνTρ þ H:c: 378 755
T̄μhuν∇μf−νλiTλ þ H:c: 153 323 iB̄hfþμνf−μλiDνTλ þ H:c: 379 756
T̄μhuν∇λf−νλiTμ 154 324 iB̄hfþμνf−μλiDλTν þ H:c: 380 757
T̄μhuμ∇νf−λρiDνλTρ þ H:c: 155 325 B̄hfþμνf−λρiσμνDλTρ þ H:c: 381 758
T̄μhuν∇λf−νρiDλρTμ 156 326 B̄hfþμνf−λρiσμλDνTρ þ H:c: 382 759
T̄μhuν∇λf−λρiDνρTμ 157 327 iB̄hfþμνhμλiDνTλ þ H:c: 383 760
T̄μhuν∇μhνλiTλ þ H:c: 158 328 iB̄hfþμνhμλiDλTν þ H:c: 384 761
T̄μhuμ∇νhλρiDνλTρ þ H:c: 159 329 iB̄hfþμνhλρiDμλρTν þ H:c: 385 762
T̄μhuν∇νhλρiDλρTμ 160 330 B̄hfþμνhλρiσμνDλTρ þ H:c: 386 763
T̄μhuν∇λhρσiDνλρσTμ 161 331 B̄hfþμνhλρiσμλDνTρ þ H:c: 387 764
T̄μhhνλhνλiTμ 162 332 iB̄h∇μfþμνiuλDνTλ þ H:c: 388 765
T̄μuμ∇νf−νλTλ þ H:c: 163 333 iB̄h∇μfþμνiuλDλTν þ H:c: 389 766
T̄μuν∇μf−νλTλ þ H:c: 164 334 iB̄h∇μfþμνuλiDνTλ þ H:c: 390 767
T̄μuν∇νf−μλTλ þ H:c: 335 iB̄h∇μfþμνuλiDλTν þ H:c: 391 768
T̄μuν∇λf−μλTν þ H:c: 336 iB̄fþμνf−μλDνTλ þ H:c: 392 769
T̄μuν∇λf−νλTμ þ H:c: 337 iB̄fþμνf−μλDλTν þ H:c: 393 770
T̄μuμ∇νf−λρDνλTρ þ H:c: 165 338 B̄fþμνf−λρσμνDλTρ þ H:c: 394 771
T̄μuν∇μf−λρDνλTρ þ H:c: 166 339 B̄fþμνf−λρσμλDνTρ þ H:c: 772
T̄μuν∇λf−μρDνλTρ þ H:c: 340 iB̄fþμνhμλDνTλ þ H:c: 395 773
T̄μuν∇λf−μρDλρTν þ H:c: 341 iB̄fþμνhμλDλTν þ H:c: 396 774
T̄μuν∇λf−νρDλρTμ þ H:c: 342 iB̄fþμνhλρDμλρTν þ H:c: 775
T̄μuν∇λf−λρDνρTμ þ H:c: 343 B̄fþμνhλρσμνDλTρ þ H:c: 397 776
iT̄μuμ∇νf−λρσνλTρ þ H:c: 167 344 B̄fþμνhλρσμλDνTρ þ H:c: 398 777
iT̄μuν∇μf−λρσνλTρ þ H:c: 345 iB̄∇μfþμνuλDνTλ þ H:c: 399 778
T̄μuν∇μhνλTλ þ H:c: 346 iB̄∇μfþμνuλDλTν þ H:c: 400 779
T̄μuμ∇νhλρDνλTρ þ H:c: 347 iB̄uμ∇μfþνλDνTλ þ H:c: 780
T̄μuν∇νhλρDλρTμ þ H:c: 348 iB̄uμ∇νfþμλDνTλ þ H:c: 781
T̄μuν∇λhρσDνλρσTμ þ H:c: 349 iB̄uμ∇νfþνλDμTλ þ H:c: 782
iT̄μuν∇μhλρσνλTρ þ H:c: 168 350 iB̄uμ∇νfþνλDλTμ þ H:c: 783
T̄μf−μνf−νλTλ 169 351 B̄uμ∇νfþλρσμνDλTρ þ H:c: 784
T̄μf−νλf−μνTλ 352 B̄uμ∇νfþλρσμλDνTρ þ H:c: 785
T̄μf−νλf−νλTμ 353 B̄uμ∇νfþλρσνλDμTρ þ H:c: 786
T̄μf−νλf−νρDλρTμ 354 iB̄f−μνfþμλDνTλ þ H:c: 787
T̄μhνλhνλTμ 355 iB̄f−μνfþμλDλTν þ H:c: 788
iT̄μhfþμνihuνuλiTλ þ H:c: 170 356 iB̄h∇μ∇μfþνλiγ5γνTλ þ H:c: 789
iT̄μhfþμνihuλuλiTν 171 357 iB̄∇μ∇μfþνλγ5γνTλ þ H:c: 401 790
iT̄μhfþμνihuλuρiDνλTρ þ H:c: 172 358 B̄hfþμνihfþμλiγ5γνTλ þ H:c: 791
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LIU, ZOU, LIU, and JIANG PHYS. REV. D 108, 014032 (2023)

014032-22



TABLE VIII. (Continued)

On=on SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn On SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn

iT̄μhfþμνihuλuρiDλρTν 173 359 B̄hfþμνihfþλρiγ5γμDνλTρ þ H:c: 792
T̄μhfþμνihuλuρiσνλTρ þ H:c: 174 360 B̄hfþμνifþμλγ5γνTλ þ H:c: 402 793
iT̄μhfþμνiuνuλTλ þ H:c: 175 361 B̄hfþμνifþμλγ5γλTν þ H:c: 403 794
iT̄μhfþμνiuλuνTλ þ H:c: 362 B̄hfþμνifþλργ5γμDνλTρ þ H:c: 404 795
iT̄μhfþμνiuλuλTν 363 B̄hfþμνifþλργ5γλDμρTν þ H:c: 405 796
iT̄μhfþνλiuνuλTμ 176 364 B̄hfþμνfþμλiγ5γνTλ þ H:c: 406 797
iT̄μhfþμνiuλuρDνλTρ þ H:c: 177 365 B̄hfþμνfþλρiγ5γμDνλTρ þ H:c: 407 798
iT̄μhfþμνiuλuρDνρTλ þ H:c: 366 B̄fþμνfþμλγ5γνTλ þ H:c: 408 799
iT̄μhfþμνiuλuρDλρTν 367 B̄fþμνfþμλγ5γλTν þ H:c: 800
iT̄μhfþνλiuνuρDλρTμ þ H:c: 178 368 B̄fþμνfþλργ5γμDνλTρ þ H:c: 801
T̄μhfþμνiuλuρσνλTρ þ H:c: 179 369 B̄huμuνiχþγ5γμTν þ H:c: 409 802
T̄μhfþμνiuλuρσνρTλ þ H:c: 370 B̄huμuνχþiγ5γμTν þ H:c: 410 803
iT̄μhfþμνuνiuλTλ þ H:c: 180 371 B̄huμuνχþiγ5γνTμ þ H:c: 411 804
iT̄μhfþμνuλiuνTλ þ H:c: 181 372 B̄huμχþiuνγ5γμTν þ H:c: 412 805
iT̄μhfþμνuλiuλTν 182 373 B̄huμχþiuνγ5γνTμ þ H:c: 413 806
iT̄μhfþμνuλiuρDνλTρ þ H:c: 183 374 B̄hχþihuμuνiγ5γμTν þ H:c: 807
iT̄μhfþμνuλiuρDνρTλ þ H:c: 375 B̄hχþiuμuνγ5γμTν þ H:c: 414 808
iT̄μhfþμνuλiuρDλρTν 184 376 B̄hχþiuμuνγ5γνTμ þ H:c: 809
T̄μhfþμνuλiuρσνλTρ þ H:c: 185 377 B̄uμuνχþγ5γμTν þ H:c: 810
iT̄μhfþμνuνuλiTλ þ H:c: 186 378 B̄uμuνχþγ5γνTμ þ H:c: 811
iT̄μhfþμνuλuνiTλ þ H:c: 379 B̄uμχþuνγ5γμTν þ H:c: 812
iT̄μhfþμνuλuλiTν 380 B̄uμχþuνγ5γνTμ þ H:c: 813
iT̄μhfþνλuνuλiTμ 187 381 B̄χþuμuνγ5γμTν þ H:c: 814
iT̄μhfþμνuλuρiDνλTρ þ H:c: 188 382 B̄huμ∇νχþiDμTν þ H:c: 415 815
iT̄μhfþμνuλuρiDνρTλ þ H:c: 383 B̄huμ∇νχþiDνTμ þ H:c: 416 816
iT̄μhfþμνuλuρiDλρTν 384 B̄hχþif−μνDμTν þ H:c: 417 817
iT̄μhfþνλuνuρiDλρTμ þ H:c: 189 385 B̄hχþihμνDμTν þ H:c: 418 818
T̄μhfþμνuλuρiσνλTρ þ H:c: 190 386 B̄uμ∇νχþDμTν þ H:c: 419 819
T̄μhfþμνuλuρiσνρTλ þ H:c: 387 B̄uμ∇νχþDνTμ þ H:c: 420 820
iT̄μhuμuνifþνλTλ þ H:c: 191 388 B̄χþf−μνDμTν þ H:c: 821
iT̄μhuνuνifþμλTλ 192 389 B̄χþhμνDμTν þ H:c: 822
iT̄μhuμuνifþλρDνλTρ þ H:c: 193 390 iB̄hfþμνihχþiγ5γμTν þ H:c: 421 823
iT̄μhuνuλifþμρDνλTρ 194 391 iB̄hfþμνiχþγ5γμTν þ H:c: 422 824
T̄μhuμuνifþλρσνλTρ þ H:c: 195 392 iB̄hfþμνχþiγ5γμTν þ H:c: 423 825
iT̄μfþμνuνuλTλ þ H:c: 393 iB̄hχþifþμνγ5γμTν þ H:c: 424 826
iT̄μfþμνuλuνTλ þ H:c: 394 iB̄fþμνχþγ5γμTν þ H:c: 425 827
iT̄μfþμνuλuλTν þ H:c: 395 iB̄χþfþμνγ5γμTν þ H:c: 828
iT̄μfþνλuμuνTλ þ H:c: 396 iB̄huμuνiχ−DμTν þ H:c: 426 829
iT̄μfþνλuνuμTλ þ H:c: 397 iB̄huμuνχ−iDμTν þ H:c: 427 830
iT̄μfþνλuνuλTμ þ H:c: 398 iB̄huμuνχ−iDνTμ þ H:c: 428 831
iT̄μfþμνuλuρDνλTρ þ H:c: 399 iB̄huμχ−iuνDμTν þ H:c: 429 832
iT̄μfþμνuλuρDνρTλ þ H:c: 400 iB̄huμχ−iuνDνTμ þ H:c: 430 833
iT̄μfþμνuλuρDλρTν þ H:c: 401 iB̄hχ−ihuμuνiDμTν þ H:c: 834
iT̄μfþνλuνuρDλρTμ þ H:c: 402 iB̄hχ−iuμuνDμTν þ H:c: 431 835
iT̄μfþνλuρuνDλρTμ þ H:c: 403 iB̄hχ−iuμuνDνTμ þ H:c: 836
T̄μfþμνuλuρσνλTρ þ H:c: 404 iB̄uμuνχ−DμTν þ H:c: 837
T̄μfþμνuλuρσνρTλ þ H:c: 405 iB̄uμuνχ−DνTμ þ H:c: 838
iT̄μuμfþνλuνTλ þ H:c: 406 iB̄uμχ−uνDμTν þ H:c: 839
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TABLE VIII. (Continued)

On=on SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn On SUð2Þ ẽð4Þn SUð3Þ Ẽð4Þn

iT̄μuνfþνλuλTμ 407 iB̄uμχ−uνDνTμ þ H:c: 840
iT̄μuμfþνλuρDνρTλ þ H:c: 408 iB̄χ−uμuνDμTν þ H:c: 841
iT̄μuνfþνλuρDλρTμ þ H:c: 409 iB̄huμ∇νχ−iγ5γμTν þ H:c: 432 842
T̄μuμfþνλuρσνλTρ 410 iB̄huμ∇νχ−iγ5γνTμ þ H:c: 433 843
iT̄μhfþμνif−λργ5γνDλTρ þ H:c: 196 411 iB̄hf−μνχ−iγ5γμTν þ H:c: 434 844
iT̄μhfþμνif−λργ5γλDνTρ þ H:c: 197 412 iB̄hhμνχ−iγ5γμTν þ H:c: 435 845
iT̄μhfþμνihλργ5γνDλTρ þ H:c: 198 413 iB̄hχ−if−μνγ5γμTν þ H:c: 436 846
iT̄μhfþμνihλργ5γλDνTρ þ H:c: 199 414 iB̄hχ−ihμνγ5γμTν þ H:c: 437 847
iT̄μhfþνλihμργ5γνDλTρ 200 415 iB̄h∇μχ−iuνγ5γμTν þ H:c: 438 848
iT̄μhfþνλihνργ5γλDρTμ 201 416 iB̄h∇μχ−iuνγ5γνTμ þ H:c: 439 849
iT̄μhfþμνf−λρiγ5γνDλTρ þ H:c: 202 417 iB̄uμ∇νχ−γ5γμTν þ H:c: 440 850
iT̄μhfþμνf−λρiγ5γλDνTρ þ H:c: 203 418 iB̄uμ∇νχ−γ5γνTμ þ H:c: 441 851
iT̄μhfþμνhλρiγ5γνDλTρ þ H:c: 204 419 iB̄f−μνχ−γ5γμTν þ H:c: 442 852
iT̄μhfþμνhλρiγ5γλDνTρ þ H:c: 205 420 iB̄hμνχ−γ5γμTν þ H:c: 443 853
iT̄μhfþνλhμρiγ5γνDλTρ 206 421 iB̄χ−f−μνγ5γμTν þ H:c: 854
iT̄μhfþνλhνρiγ5γλDρTμ 207 422 iB̄χ−hμνγ5γμTν þ H:c: 855
iT̄μh∇νfþνλiuργ5γρDλTμ 208 423 iB̄∇μχ−uνγ5γμTν þ H:c: 856
iT̄μh∇νfþνλuρiγ5γρDλTμ 209 424 iB̄∇μχ−uνγ5γνTμ þ H:c: 857
iT̄μfþμνf−λργ5γνDλTρ þ H:c: 210 425 B̄hfþμνihχ−iDμTν þ H:c: 444 858
iT̄μfþμνf−λργ5γλDνTρ þ H:c: 426 B̄hfþμνiχ−DμTν þ H:c: 445 859
iT̄μfþνλf−μργ5γνDλTρ þ H:c: 211 427 B̄hfþμνχ−iDμTν þ H:c: 446 860
iT̄μfþνλf−μργ5γνDρTλ þ H:c: 428 B̄hχ−ifþμνDμTν þ H:c: 447 861
iT̄μfþμνhλργ5γνDλTρ þ H:c: 212 429 B̄fþμνχ−DμTν þ H:c: 862
iT̄μfþμνhλργ5γλDνTρ þ H:c: 430 iB̄hDμDμFL

νλiγ5γνTλ þ Pþ Cþ H:c: 448
iT̄μfþνλhμργ5γνDλTρ þ H:c: 431 B̄hFL

μνFLμ
λiγ5γνTλ þ Pþ Cþ H:c: 449 863

iT̄μfþνλhμργ5γνDρTλ þ H:c: 432 B̄hFL
μνFL

λρiγ5γμDνλTρ þ Pþ Cþ H:c: 450 864
iT̄μfþνλhνργ5γλDρTμ þ H:c: 433 B̄hFL

μνihFLμ
λiγ5γνTλ þ Pþ Cþ H:c: 451

iT̄μ∇νfþνλuργ5γρDλTμ þ H:c: 434 B̄hFL
μνihFL

λρiγ5γμDνλTρ þ Pþ Cþ H:c: 452
T̄μhfþμνihfþνλiTλ 435
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TABLE IX. Independent Lagrangian terms in the heavy diquark limit at the orderOðp4Þ. Columns 2 and 5 (3 and 6) label the number
for each term in the two-flavor (three-flavor) case. The terms without a number are not independent.

Pn=pn SUð2Þ SUð3Þ Pn=pn SUð2Þ SUð3Þ
ψ̄μhuνuνihuλuλiψμ 1 1 ϵμνλρψ̄σhuμf−νλiuρψσ 46 99
ψ̄μhuνuλihuνuλiψμ 2 2 ϵμνλρψ̄σhuμf−νλiuδvρvδψσ 47 100
ψ̄μhuνuνihuλuρivλvρψμ 3 3 ϵμνλρψ̄σhuμf−νδiuλvρvδψσ 48 101
ψ̄μhuνuλihuνuρivλvρψμ 4 4 ψ̄μhfþνλif−νργ5γλvρψμ 49
ψ̄μhuνuλihuρuσivνvλvρvσψμ 5 5 ψ̄μhfþνλif−νργ5γρvλψμ 50
ψ̄μhuνuνiuλuλψμ 6 ϵμνλρψ̄σuμuνf−λρψσ þ H:c: 102
ψ̄μhuνuλiuνuλψμ 7 ϵμνλρψ̄σuμuνf−λδvρvδψσ þ H:c: 103
ψ̄μhuνuνiuλuρvλvρψμ 8 ϵμνλρψ̄σuμuδf−νλvρvδψσ þ H:c: 104
ψ̄μhuνuλiuνuρvλvρψμ þ H:c: 9 ψ̄μhfþνλf−νρiγ5γλvρψμ 51 105
ψ̄μhuνuλiuρuρvνvλψμ 10 ψ̄μhfþνλf−νρiγ5γρvλψμ 52 106
ψ̄μhuνuλiuρuσvνvλvρvσψμ 11 ψ̄μh∇νfþνλiuργ5γλvρψμ 53
iψ̄μhuνuνiuλuρσλρψμ 6 12 ψ̄μh∇νfþνλiuργ5γρvλψμ 54
iψ̄μhuνuλiuνuρσλρψμ þ H:c: 7 13 ψ̄μh∇νfþλρiuνγ5γλvρψμ 55
iψ̄μhuνuλiuρuσσνρvλvσψμ þ H:c: 8 14 ψ̄μh∇νfþλρiuλγ5γνvρψμ 56
iψ̄μhuνuλiuρuσσρσvνvλψμ 9 15 ψ̄μh∇νfþλρiuσγ5γλvνvρvσψμ 57
ψ̄μhfþνλihuνuρiσλρψμ 10 ψ̄μh∇νfþνλuρiγ5γλvρψμ 58 107
ψ̄μhfþνλihuρuρiσνλψμ 11 ψ̄μh∇νfþνλuρiγ5γρvλψμ 59 108
ψ̄μhfþνλihuρuσiσνλvρvσψμ 12 ψ̄μh∇νfþλρuνiγ5γλvρψμ 60 109
ψ̄μhfþνλihuρuσiσνρvλvσψμ 13 ψ̄μh∇νfþλρuλiγ5γνvρψμ 61 110
iψ̄μhfþνλiuνuλψμ 14 ψ̄μh∇νfþλρuσiγ5γλvνvρvσψμ 62 111
iψ̄μhfþνλiuνuρvλvρψμ þ H:c: 15 ψ̄μhf−νλhνρivλvρψμ 63 112
ψ̄μhuνuνuλiuλψμ 16 ψ̄μfþνλf−νργ5γλvρψμ þ H:c: 113
ψ̄μhuνuνuλiuρvλvρψμ 17 ψ̄μfþνλf−νργ5γρvλψμ þ H:c: 114
ψ̄μhuνuλuρiuνvλvρψμ 18 ψ̄μ∇νfþνλuργ5γλvρψμ þ H:c: 115
ψ̄μhuνuλuρiuσvνvλvρvσψμ 19 ψ̄μ∇νfþνλuργ5γρvλψμ þ H:c: 116
iψ̄μhuνuλuρiuνσλρψμ 20 ψ̄μ∇νfþλρuνγ5γλvρψμ þ H:c: 117
iψ̄μhuνuλuρiuσσνλvρvσψμ 21 ψ̄μ∇νfþλρuλγ5γνvρψμ þ H:c: 118
ψ̄μhuνuνuλuλiψμ 22 ψ̄μ∇νfþλρuσγ5γλvνvρvσψμ þ H:c: 119
ψ̄μhuνuνuλuρivλvρψμ 23 ψ̄μf−νλhνρvλvρψμ þ H:c: 120
iψ̄μhuνuνuλuρiσλρψμ 24 iψ̄μf−νλhνρσλρψμ þ H:c: 64 121
iψ̄μhuνuλuρuσiσνλvρvσψμ 25 iψ̄μf−νλhρσσνλvρvσψμ þ H:c: 65 122
ψ̄μuνuνuλuλψμ 26 iψ̄μf−νλhρσσνρvλvσψμ þ H:c: 66 123
ψ̄μuνuνuλuρvλvρψμ þ H:c: 27 iϵμνλρψ̄σfþμνf−λρψσ þ H:c: 67 124
iψ̄μuνuνuλuρσλρψμ þ H:c: 28 iϵμνλρψ̄σfþμνf−λδvρvδψσ þ H:c: 68 125
iψ̄μuνuλuνuρσλρψμ þ H:c: 29 iϵμνλρψ̄σ∇μfþνδuλvρvδψσ þ H:c: 69 126
iψ̄μuνuλuρuσσνλvρvσψμ þ H:c: 30 ψ̄μ∇ν∇νfþλρσλρψμ 70 127
iψ̄μuνuλuρuσσνρvλvσψμ þ H:c: 31 ψ̄μ∇ν∇λfþνρσλρψμ 71 128
ψ̄μhfþνλuνiuρσλρψμ 16 32 ψ̄μhuν∇λf−νλiψμ 72 129
ψ̄μhfþνλuρiuνσλρψμ 17 33 ψ̄μhuν∇λf−λρivνvρψμ 73 130
ψ̄μhfþνλuρiuρσνλψμ 18 34 ψ̄μuν∇λf−νλψμ þ H:c: 131
ψ̄μhfþνλuρiuσσνλvρvσψμ 19 35 ψ̄μuν∇λf−λρvνvρψμ þ H:c: 132
ψ̄μhfþνλuρiuσσνρvλvσψμ 20 36 iψ̄μuν∇νf−λρσλρψμ þ H:c: 74 133
ψ̄μhfþνλuρiuσσνσvλvρψμ 21 37 ψ̄μhf−νλf−νλiψμ 75 134
iψ̄μhfþνλuνuλiψμ 22 38 ψ̄μhf−νλf−νρivλvρψμ 76 135
iψ̄μhfþνλuνuρivλvρψμ þ H:c: 23 39 ψ̄μf−νλf−νλψμ 136
ψ̄μhfþνλuνuρiσλρψμ þ H:c: 40 ψ̄μf−νλf−νρvλvρψμ 137
ψ̄μhfþνλuρuρiσνλψμ 41 iψ̄μf−νλf−νρσλρψμ 77 138
ψ̄μhfþνλuρuσiσνλvρvσψμ 42 iψ̄μf−νλf−ρσσνρvλvσψμ 78 139

(Table continued)
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TABLE IX. (Continued)

Pn=pn SUð2Þ SUð3Þ Pn=pn SUð2Þ SUð3Þ
ψ̄μhfþνλuρuσiσνρvλvσψμ þ H:c: 43 ψ̄μhuνuνiχþψμ 79 140
ψ̄μhuνuνifþλρσλρψμ 24 44 ψ̄μhuνuλiχþvνvλψμ 80 141
ψ̄μhuνuλifþνρσλρψμ 25 45 ψ̄μhuνuνχþiψμ 81 142
ψ̄μhuνuλifþρσσνρvλvσψμ 26 46 ψ̄μhuνuλχþivνvλψμ 82 143
ψ̄μhuνuλifþρσσρσvνvλψμ 27 47 iψ̄μhuνuλχþiσνλψμ 83 144
iψ̄μhuνuλhνρiγ5γλvρψμ þ H:c: 28 48 ψ̄μhuνχþiuνψμ 84 145
iψ̄μhuνuλhνρiγ5γρvλψμ þ H:c: 29 49 ψ̄μhuνχþiuλvνvλψμ 85 146
iψ̄μhuνuλhρσiγ5γνvλvρvσψμ þ H:c: 30 50 ψ̄μhχþihuνuνiψμ 147
iψ̄μfþνλuνuλψμ þ H:c: 51 ψ̄μhχþihuνuλivνvλψμ 148
iψ̄μfþνλuνuρvλvρψμ þ H:c: 52 ψ̄μhχþiuνuνψμ 149
iψ̄μfþνλuρuνvλvρψμ þ H:c: 53 ψ̄μhχþiuνuλvνvλψμ 150
ψ̄μfþνλuνuρσλρψμ þ H:c: 54 iψ̄μhχþiuνuλσνλψμ 86 151
ψ̄μfþνλuρuνσλρψμ þ H:c: 55 ψ̄μhfþνλihχþiσνλψμ 87
ψ̄μfþνλuρuρσνλψμ þ H:c: 56 ψ̄μhfþνλiχþσνλψμ 88
ψ̄μfþνλuρuσσνλvρvσψμ þ H:c: 57 ψ̄μuνuνχþψμ þ H:c: 152
ψ̄μfþνλuρuσσνρvλvσψμ þ H:c: 58 ψ̄μuνuλχþvνvλψμ þ H:c: 153
ψ̄μfþνλuρuσσνσvλvρψμ þ H:c: 59 iψ̄μuνuλχþσνλψμ þ H:c: 154
iψ̄μuνfþνλuλψμ 60 iψ̄μuνχþuλσνλψμ 155
iψ̄μuνfþνλuρvλvρψμ þ H:c: 61 ψ̄μhfþνλχþiσνλψμ 89 156
iψ̄μuνuνhλργ5γλvρψμ þ H:c: 62 ψ̄μhχþifþνλσνλψμ 90 157
iψ̄μuνuλhνργ5γλvρψμ þ H:c: 63 ψ̄μfþνλχþσνλψμ þ H:c: 158
iψ̄μuνuλhνργ5γρvλψμ þ H:c: 64 iψ̄μuν∇λχþγ5γνvλψμ þ H:c: 91 159
iψ̄μuνuλhλργ5γνvρψμ þ H:c: 65 iψ̄μuν∇λχþγ5γλvνψμ þ H:c: 92 160
iψ̄μuνuλhλργ5γρvνψμ þ H:c: 66 iψ̄μf−νλχþγ5γνvλψμ þ H:c: 93 161
iψ̄μuνuλhρσγ5γνvλvρvσψμ þ H:c: 67 ψ̄μh∇ν∇νχþiψμ 94 162
iψ̄μuνuλhρσγ5γλvνvρvσψμ þ H:c: 68 ψ̄μ∇ν∇νχþψμ 95 163
iψ̄μuνuλhρσγ5γρvνvλvσψμ þ H:c: 69 ψ̄μhχþihχþiψμ 96 164
iψ̄μuνhνλuργ5γλvρψμ þ H:c: 70 ψ̄μhχþiχþψμ 97 165
ϵμνλρψ̄σhuμhνδiuλvρvδψσ 31 71 ψ̄μhχ2þiψμ 166
ψ̄μhfþνλifþνλψμ 32 ψ̄μχ2þψμ 167
ψ̄μhfþνλifþνρvλvρψμ 33 ψ̄μhuνuλχ−iγ5γνvλψμ þ H:c: 98 168
ψ̄μhfþνλihνργ5γρvλψμ 34 ψ̄μhχ−iuνuλγ5γνvλψμ þ H:c: 99 169
ϵμνλρψ̄σuμuνhλδvρvδψσ þ H:c: 72 iψ̄μhfþνλihχ−iγ5γνvλψμ 100
ψ̄μhfþνλhνρiγ5γρvλψμ 35 73 iψ̄μhfþνλiχ−γ5γνvλψμ 101
ψ̄μhhνλhνλiψμ 36 74 ψ̄μuνuλχ−γ5γνvλψμ þ H:c: 170
ψ̄μhhνλhνρivλvρψμ 37 75 ψ̄μuνuλχ−γ5γλvνψμ þ H:c: 171
ψ̄μhhνλhρσivνvλvρvσψμ 38 76 ψ̄μuνχ−uλγ5γνvλψμ þ H:c: 172
ψ̄μfþνλfþνλψμ 77 iψ̄μhfþνλχ−iγ5γνvλψμ 102 173
ψ̄μfþνλfþνρvλvρψμ 78 iψ̄μhuν∇νχ−iψμ 103 174
iψ̄μfþνλfþνρσλρψμ 39 79 iψ̄μhuν∇λχ−ivνvλψμ 104 175
iψ̄μfþνλfþρσσνρvλvσψμ 40 80 iψ̄μhχ−ifþνλγ5γνvλψμ 105 176
ψ̄μfþνλhνργ5γρvλψμ þ H:c: 81 iψ̄μhχ−ihνλvνvλψμ 106 177
ψ̄μhνλhνλψμ 82 iψ̄μh∇νχ−iuνψμ 107 178
ψ̄μhνλhνρvλvρψμ 83 iψ̄μfþνλχ−γ5γνvλψμ þ H:c: 179
ψ̄μhνλhρσvνvλvρvσψμ 84 iψ̄μuν∇νχ−ψμ þ H:c: 180
iψ̄μhνλhνρσλρψμ 41 85 iψ̄μuν∇λχ−vνvλψμ þ H:c: 181
iψ̄μhνλhρσσνρvλvσψμ 42 86 ψ̄μuν∇λχ−σνλψμ þ H:c: 108 182
iψ̄μhuνuλf−νρiγ5γλvρψμ þ H:c: 43 87 ψ̄μf−νλχ−σνλψμ þ H:c: 109 183
iψ̄μhuνuλf−νρiγ5γρvλψμ þ H:c: 44 88 ψ̄μhχ−ihχ−iψμ 110 184

(Table continued)
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