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We construct the relativistic chiral Lagrangians with decuplet baryons up to the order Oðp4Þ (one loop).
For the meson-decuplet-decuplet couplings, there are 1, 13, 55, and 548 terms in theOðp1Þ −Oðp4Þ order
Lagrangians, respectively. For the meson-octet-decuplet Lagrangians, the number of independent terms
from Oðp1Þ to Oðp4Þ is 1, 5, 67, and 611, respectively. For convenience of application, the πΔΔ and πNΔ
chiral Lagrangians are picked out. This new form of Δ Lagrangians is equivalent to the original isovector-
isospinor one, and we establish relations between these two forms.
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I. INTRODUCTION

Chiral perturbation theory (ChPT) is a useful tool to
describe low-energy strong interactions ofmesons [1–3] and
baryons [4]. This effective theory is based on the chiral
symmetry of QCD and its spontaneous breaking. The
interaction terms and various physical quantities in this
theory are organized perturbatively by chiral dimension, the
order of p=Λχ where p represents the typical scale of
momentum andΛχ is the scale of chiral symmetry breaking.
Theoretically, the higher the chiral dimension terms, the
more precise the obtained results. At present, the chiral
Lagrangians containing the pseudoscalarmesons [2,3,5–12]
and the ground state baryons [4,13–20] [both SU(2) and
SU(3)] have been already constructed to the sixth and fourth
order, respectively. Recently, the chiral Lagrangians with
Δð1232Þ were also considered up to the fourth chiral order
[21,22]. For the purpose of application, the current existent
chiral Lagrangians are precise enough for theoretical studies
on low-energy interactions. However, the above investiga-
tions missed a kind of particles, the spin-3=2 hyperons.
In reality, a lot of low-energy QCD problems are related

to the chiral Lagrangians with decuplet states which are
degenerate with the octet baryons in the large Nc limit.
Such problems include: the masses of the octet/decuplet

baryons and the mass relations between octet/decuplet
baryons [23–26], the electromagnetic structures of octet
and decuplet baryons (magnetic moments, electric quadru-
pole moments, and electromagnetic form factors) [27–30],
the meson-octet/decuplet scattering processes [31,32], the
transitions from decuplet states to octet states [33,34],
lattice studies of baryon properties [35–37], and so on.
Especially, the studies of the transitions between decuplet
and octet baryons can shed light on the possible dibaryons
[38]. The lowest-order chiral Lagrangian with decuplet
states is obtained easily [39], but we find only fragmentary
results for high-order terms in the literature (see the
references mentioned above). Such Lagrangians are con-
structed in order to focus on special problems. A complete
and minimal set of Lagrangians with decuplet baryons is
still needed. One purpose in this paper is to construct the
chiral Lagrangians with the decuplet baryons to one loop
(the fourth chiral order) systematically.
In the SU(2) case, we have obtained the chiral

Lagrangians with Δ up to the order Oðp4Þ [22], where
we use the isovector-isospinor representation [40] in the
isospin space for the Rarita-Schwinger (RS) fields. The
application of such Lagrangians is not so convenient in
some cases. On the other hand, in the SU(3) case, the
decuplet baryons are represented in the flavor space as a
totally symmetric tensor Tabc. Since the Δ baryons are
members of the decuplet representation, the Lagrangians
with Δ can also be expressed with the symmetric tensor.
However, it is apparently not straightforward to make a
relation between these two formalisms. Another purpose of
the present study is to give new chiral Lagrangians with Δ
in the form of Tabc (a, b, c ¼ 1, 2) and establish the
relations to the former formalism.
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This paper is organized as follows. In Sec. II, we review
the building blocks for the construction of the chiral
Lagrangians with the mesons, the external sources, and a
part of the building blocks with baryon fields. In Sec. III,
we present the structures of the chiral Lagrangians and give
full building blocks with baryon fields. In Sec. IV, the
properties of the building blocks, the linear relations of
invariant monomials, and the relations between the original
chiral Lagrangians with Δ and the new forms are given. In
Sec. V, we list our results and present some discussions.
Section VI is a short summary.

II. BUILDING BLOCKS IN CONSTRUCTING
CHIRAL LAGRANGIANS

Generally speaking, the constructedLagrangians inChPT
involve the pseudoscalar mesons, the external sources, the
decuplet baryons, and the octet baryons. In this section, we
present appropriate building blocks in constructing the
chiral Lagrangians. More detailed discussions about them
can be found in Refs. [2–6,9,10,12,17,18,20–22]. For the
spin-3=2 baryon states, we consider both SUð3Þ and SUð2Þ
cases. For convenience, we simply call the form of chiral
Lagrangians with Δ in Ref. [22] “original” and those in
this paper “new.” Needless to say, the new form SUð2Þ
Lagrangians are just selected terms of the SUð3Þ
Lagrangians with decuplet baryons. Hence, in the following
parts, we treat them in the same way.

A. Building blocks of the mesons
and the external sources

The QCD Lagrangian L can be written as

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

where L0
QCD is the original QCD Lagrangian and q denotes

the quark field. We use s, p, vμ, and aμ to denote scalar,
pseudoscalar, vector, and axial-vector external sources,
respectively. Conventionally, the tensor source and the θ
term are ignored. As usual, we consider that only aμ is
traceless in the two-flavor case, but both aμ and vμ are
traceless in the three-flavor case.
In ChPT, the pseudoscalar mesons (Goldstone bosons)

come from the spontaneous breaking of the global sym-
metry SUðNfÞL × SUðNfÞR into SUðNfÞV . The resulting
meson fields are collected in u, and it transforms as

u → gLuh† ¼ hug†R ð2Þ

under the chiral rotation, where gL and gR represent
elements in SUðNfÞL and SUðNfÞR, respectively, and h
is a compensator field which is a function of the pion fields.
To construct the chirally invariant Lagrangians involving

only meson fields and external sources, the building blocks
are usually chosen as

uμ ¼ ifu†ð∂μ − irμÞu − uð∂μ − ilμÞu†g;
χ� ¼ u†χu† � uχ†u;

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; ð3Þ

where rμ¼vμþaμ, lμ ¼ vμ − aμ, χ ¼ 2B0ðsþ ipÞ, Fμν
R ¼

∂μrν − ∂νrμ − i½rμ; rν�, Fμν
L ¼ ∂μlν − ∂νlμ − i½lμ; lν�, and

B0 is a constant related to the quark condensate. The form
of these building blocks, however, is not very useful in the
construction of chiral Lagrangians with decuplet baryons.
For convenience, we write the flavor indices of these
building blocks (or any other matrices in the flavor space)
explicitly,

X ¼ Xa
b þ XsI; Xs ¼

1

Nf
hXi; ð4Þ

where X denotes any building block in Eq. (3) (or any
matrix in the flavor space), Xa

b (Xs) is the traceless
(traceable) part of X, I is the Nf × Nf identity matrix in
the Nf-flavor space, and h� � �i means the trace in the flavor
space. We use a and b (a, b ¼ 1, 2, 3) to denote the row
index and column index of the matrix X, respectively. In the
following, we will treat the row index (or the first index) of
Xa

b as the subscript and the column index (or the second
index) as the superscript. According to these notations, we
have uμs ¼ fμν−;s ¼ hμνs ¼ 0 in the two-flavor case and an
additional relation fμνþ;s ¼ 0 in the three-flavor case. The
chiral transformations (R) for these building blocks are

Xa
b !R X0

a
b ¼ haa

0
X0

a0
b0h†b0b;

Xs !R X0
s ¼ Xs: ð5Þ

Here haa
0
does not need to be traceless as the definition of

Xa
b in Eq. (4). The row index of Xa

b is related to the h field,
but the column index is related to the h† field.
The covariant derivative∇μ acting on the building blocks

in Eq. (5) is

∇μXa
b ¼ ∂μXa

b þ Γa
c;μXc

b − Xa
cΓc

b;μ;

∇μXs ¼ ∂μXs;

Γμ ¼ 1

2
fu†ð∂μ − irμÞuþ uð∂μ − ilμÞu†g: ð6Þ

In constructing the Lagrangian, the following two relations
will be useful:

½∇μ;∇ν�Xa
b ¼ Γa

c;μνXc
b − Xa

cΓc
b;μν; ð7Þ

½∇μ;∇ν�Xs ¼ 0; ð8Þ

Γμν¼∇μΓν−∇νΓμ− ½Γμ;Γν�¼1

4
½uμ;uν�− i

2
fμνþ : ð9Þ
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B. Building blocks of baryons

Besides the meson fields and external fields, we also
need baryons belonging to SUð3Þ eight and ten represen-
tations. The octet baryons are represented by a matrix Ba

b,

Ba
b ¼

0
BB@

Σ0ffiffi
2

p þ Λffiffi
6

p Σþ p

Σ− − Σ0ffiffi
2

p þ Λffiffi
6

p n

Ξ− Ξ0 − 2Λffiffi
6

p

1
CCA: ð10Þ

In the two-flavor case, it is reduced to the nucleon doublet,

ψa ¼
�
p

n

�
: ð11Þ

One may also use the symbol Ba
3 (a ¼ 1, 2) to denote this

nucleon doublet. For the decuplet baryons, they are denoted
by a totally symmetrical tensor Tabc with

T111 ¼Δþþ; T112 ¼
Δþ
ffiffiffi
3

p ; T122 ¼
Δ0

ffiffiffi
3

p ; T222 ¼Δ−;

T113 ¼
Σ�þ
ffiffiffi
3

p ; T123 ¼
Σ�0
ffiffiffi
6

p ; T223 ¼
Σ�−
ffiffiffi
3

p ;

T133 ¼
Ξ�0
ffiffiffi
3

p ; T233 ¼
Ξ�−
ffiffiffi
3

p ; T333 ¼Ω−:

In the SUð2Þ case, only the first four fields are needed.
The chiral transformations for these baryon fields are

Ba
b !R B0

a
b ¼ haa

0
Ba0

b0h†b0b;

ψa !R ψ 0
a ¼ habψb;

Tabc !R T 0
abc ¼ haa

0
hbb

0
hcc

0
Ta0b0c0 ;

B̄a
b !R B̄0

a
b ¼ haa

0
B̄a0

b0h†b0b;

ψ̄a !R ψ 0a ¼ ψ̄bh†ba;

T̄abc !R T̄ 0abc ¼ T̄a0b0c0h†a0ah†b0bh†c0c: ð12Þ
From the transformations, the indices of ψa and Tabc (ψ̄a

and T̄abc) can be treated as row (column) indices and those
of Ba

b and B̄a
b are self-evident. From Eqs. (5) and (12), we

can see that if a term is chirally invariant, all the row indices
must be contracted with the column indices and vice versa.
This is the reason why we write the row and column indices
explicitly.
The covariant derivative Dμ acting on the baryon fields

is [15,18,27]

Dμψa ¼ ∂μψa þ Γa
b;μψb;

DμBa
b ¼ ∂μBa

b þ Γa
c;μBc

b − Ba
cΓc

b;μ;

DμTabc ¼ ∂μTabc þ Γa
d;μTdbc þ Γb

d;μTadc þ Γc
d;μTabd:

ð13Þ

It seems that, in the three- (two)-flavor case, we can choose
Tμ
abc, T̄

abc;μ, Ba
b, B̄a

b (Tμ
abc, T̄

abc;μ, ψa, ψ̄a), and their
covariant derivatives as building blocks, but it is a bit more
complex for the spin-3=2 RS fields. We will discuss this
issue in the next section.

III. STRUCTURES OF CHIRAL LAGRANGIANS
WITH DECUPLET BARYONS

A similar discussion in this section has been presented in
Ref. [22]. Here we only list the necessary ingredients for
the Lagrangian construction. More details can be found in
Refs. [17–21,40–56].
In this paper, we adopt the vector-spinor representation

Ψμ (μ ¼ 0, 1, 2, 3) [41] for the spin-3=2 fields. The general
Lagrangian for a free RS field with mass m reads [42]

Lf ¼ Ψ̄μΛ
μν
A Ψν;

Λμν
A ¼ −

�
ði=∂ −mÞgμν þ iAðγμ∂ν þ γν∂μÞ

þ i
2
ð3A2 þ 2Aþ 1Þγμ=∂γν

þmð3A2 þ 3Aþ 1Þγμγν
�
; ð14Þ

where A ≠ −1=2 is an arbitrary real number. From this
Lagrangian, one derives the equation of motion (EOM) and
two subsidiary conditions:

ði=∂ −mÞΨμ ¼ 0; ð15Þ

γμΨμ ¼ 0; ð16Þ

∂μΨμ ¼ 0: ð17Þ

The two unphysical spin-1
2
degrees of freedom in the vector-

spinor representation can be eliminated with these two
subsidiary conditions.
There exists a so-called “point” or “contact” trans-

formation under which the above Lagrangian is invariant,

Ψμ → Ψ0
μ ¼ Ψμ þ

1

2
aγμγνΨν; ð18Þ

A → A0 ¼ A − a
1þ 2a

; a ≠ −
1

2
: ð19Þ

The choice for the value of A does not affect physical
quantities [50,55,57]. Therefore, one may simplify the
above Lagrangian by a field redefinition [48],

Lf ¼ ψ̄AμΛμνψAν;

Λμν ¼ −ði=∂ −mÞgμν þ 1

4
γμγλði=∂ −mÞγλγν; ð20Þ
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where ψμ
A ≡Oμν

A Ψν ¼ ðgμν þ 1
2
AγμγνÞΨν. Now, Λμν is in-

dependent of A, and the A dependence is implied in ψμ
A.

For the meson-decuplet-decuplet (MTT) interactions, the
chiral Lagrangian has the form

LMTT ¼ T̄abc
μ Λdef;μν

A;abc Tdef;ν; ð21Þ

Λdef;μν
A;abc ¼ −

�
ði=D −mTÞgμν þ iAðγμDν þ γνDμÞ

þ i
2
ð3A2 þ 2Aþ 1Þγμ=Dγν

þmTð3A2 þ 3Aþ 1Þγμγν
�
δa

dδb
eδc

f

þOdef;μν
1;A;abc; ð22Þ

where mT is the decuplet mass in the SUð3Þ limit and
Odef;μν

1;A;abc contains the meson fields and the external sources.
Then the EOM and the subsidiary conditions in ChPT are

ði=D −mTÞTμ
abc ≐ 0; ð23Þ

DμT
μ
abc ≐ 0; ð24Þ

γμT
μ
abc ≐ 0; ð25Þ

where the symbol “≐” means that both sides are equal if
high-order terms are ignored. We may write the structure of
any term in Odef;μν

1;abc as [17,21,22]

T̄abc;μO������Θ������Tν
def þ H:c:; ð26Þ

where � � � denotes suitable flavor and Lorentz indices, O������
is the product of the building blocks with the meson fields
and the external sources in Sec. II A, and Θ������ contains a
Clifford algebra element Γ ∈ f1; γμ; γ5; γ5γμ; σμνg, the
Levi-Civita tensors in Lorentz space εμνλρ, and the covariant
derivatives acting on Tν

def. Up to the order Oðp4Þ, the
structures of Θ������ can be found below Eq. (49) in Ref. [22].
With the structure in Eq. (26), the low-energy constants

(LECs) in Odef;μν
1;abc are dependent on A. One can absorb the

parameter A into the redefined RS fields according to
the point transformation [Eqs. (18) and (20)]. Then the
Lagrangian (22) can be rewritten as

LMTT¼−T̄abc
A;μ

�
ði=D−mTÞgμν−

1

4
γμγλði=D−mTÞγλγν

�
T̄A;abc;ν

þ T̄abc
A;μO

def;μν
1;abc TA;def;ν; ð27Þ

where Tμ
A;abc ¼ Oμν

A Tabc;ν. Now, the LECs in Eq. (27) are
independent of A, but the invariant monomials have the
same structures as those in Eq. (22); i.e., one may get
Eq. (27) from Eq. (22) by changing Tabc;μ to TA;abc;μ only.
The LECs in these two equations are equal if A ¼ 0.

Physically, we can choose any value of A (A ≠ −1=2)
(A ¼ −1 is a simple and widely used value). In the final
results (Sec. V), we only give the structures in Eq. (22).
The new form πΔΔ Lagrangians are very similar to the

MTT Lagrangians. The differences lie only in the baryon
mass and the flavor indices. By changing mT to mΔ (Δ
mass in the chiral limit) and limiting all the flavor indices to
1 and 2, the new form of πΔΔ Lagrangians is obtained.
For the meson-octet-decuplet and πNΔ interactions,

the chiral Lagrangians have the following structures,
respectively,

ϵabcB̄d
eO������Θ������T

μ
A;n;fgh þ H:c:; ð28Þ

ϵabψ̄cO������Θ������T
μ
A;n;def þ H:c:; ð29Þ

where O������ and Θ������ have the same meanings as those in
Eq. (26). For the Levi-Civita tensor, we have column
indices in ϵabc (a, b, c ¼ 1, 2, 3) and row indices in
ϵabc (in the H.c. part). Here, ϵab ≡ ϵab3. The RS field
depending on A is defined through

TA;n;fgh;μ ¼ ΘA;n;μνðznÞTν
fgh; ð30Þ

ΘA;n;μνðznÞ ¼ gμν þ
�
zn þ

1

2
ð1þ 4znÞA

�
γμγν

≡ Θn;μαðznÞOα
Aν ¼ OAμ

αΘn;ανðznÞ;
Θn;μαðznÞ≡ gμα þ znγμγα: ð31Þ

Some zn parameters are needed because of the point
transformation [58]. They can be obtained from experi-
ments. In Eqs. (28) and (29), the point-invariant structures
have been implied and the LECs are already independent
of A.
To construct Lagrangians, for the baryon fields, we

choose Tμ
abc, T̄

abc;μ, Tμ
A;abc, T̄abc;μ

A , Ba
b, B̄a

b, and their
covariant derivatives as building blocks in the three-flavor
case. In the two-flavor case, we adopt Tμ

abc, T̄
abc;μ, Tμ

A;abc,
T̄abc;μ
A , ψa, ψ̄a, and their covariant derivatives.

IV. PREPARATIONS FOR LAGRANGIAN
CONSTRUCTION

In this section, we make preparations for the construction
of chiral Lagrangians with decuplet baryons. The new form
of chiral Lagrangians with Δ is understood. The recipes are
very similar to those in constructing Lagrangians for
mesons, meson-baryon systems, and the π − N − Δ sys-
tems in Refs. [12,20,22].

A. Power counting and transformation properties

The chiral dimensions [2–4,6,17,18] of the building
blocks with the external sources are listed in the second
column of Table I and those of the Clifford algebra and the
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Levi-Civita tensors are given in the second column of
Table II [17,18,56]. The baryon fields are chiral dimension-
less and the information is not shown in these tables. The
covariant derivatives acting on the meson fields and the
external sources are counted as Oðp1Þ, but those acting on
the baryon fields are counted as Oðp0Þ.
The chiral Lagrangian should be invariant under the

chiral rotation (R), parity transformation (P), charge con-
jugation transformation (C), and Hermitian transformation
(h.c.). The chiral rotations for the building blocks have been
discussed in Eqs. (5) and (12). The P, C, and h.c. trans-
formations are almost the same as those in Ref. [22] and we
also present such properties in Tables I and II. Only
different properties will be mentioned.
ComparedwithTable I ofRef. [22], Table I here shows the

flavor indices explicitly. The meanings of plus and minus
signs in Table II are the same as those in Refs. [17,20,22].
One thing different is the ϵijk. This symbol in Ref. [22] is in
the isovector space and it absorbs a minus sign in C
transformations (Eq. (31) of Ref. [22]). But now ϵabc and
ϵab are the Levi-Civita tensors in the three- (two)-flavor
space. They do not need to absorb an extra minus sign.

B. Linear relations

Some linear relations exist in reducing the chiral-
invariant terms to a minimal set. The relations coming
from partial integration, EOM, covariant derivatives, and
Bianchi identity are the same as those in Ref. [22]. The
relations coming from the Cayley-Hamilton relation are the
same as those in Ref. [6]. We will not discuss them any
more and we only focus on the different and new relations
in the following parts.

1. Schouten identity

The Schouten identity in the Lorentz space is the same
as that in Ref. [22], but some differences exist in the
flavor space. For the Levi-Civita tensor ϵabc (ϵab) in the
three- (two)-flavor space, the Schouten identities for any
operator A are

0 ¼ ϵabcAd − ϵdbcAa − ϵadcAb − ϵabdAc;

0 ¼ ϵabAc − ϵcbAa − ϵacAb: ð32Þ

There are two types of indices in A (row or column).
Equation (32) works only for the case that the indices in the
Levi-Civita tensor and the indices in A are the same type.

2. Fierz transformations

The basic Fierz transformation for the Pauli matrices is

τiabτ
i
cd ¼ 2δadδcb − δabδcd: ð33Þ

With this equation, for any two 2 × 2 building blocks Xa
b

and Ya
b in Table I, one may obtain [59]

Xa
dYb

e¼1

2
ðYa

eXb
dþXa

eYb
dþXc

fYf
cδa

eδb
d

−Xc
fYf

cδa
dδb

eþXa
cYc

eδb
d−δa

eXb
cYc

dÞ: ð34Þ

The basic Fierz transformation for the Gall-Mann
matrices is

λiacλ
i
bd ¼ 2δadδcb −

2

3
δacδbd: ð35Þ

With the relation in Ref. [60] and the properties of the
structure constants of SUð3Þ, one finds that the following
relation exists for any two 3 × 3 building blocks Xa

b and
Ya

b in Table I,

0¼Xa
bYc

d−Xa
dYc

b−Xc
bYa

dþXc
dYa

bþXa
eYe

bδc
d

−Xa
eYe

dδc
b−Xc

eYe
bδa

dþXc
eYe

dδa
bþ δa

bYc
eXe

d

− δa
dYc

eXe
b− δc

bYa
eXe

dþ δc
dYa

eXe
b−Xe

fYf
eδa

bδc
d

þXe
fYf

eδa
dδc

b: ð36Þ

TABLE I. Chiral dimension (Dim), parity (P), charge con-
jugation (C), and Hermiticity (H.c.) of the building blocks with
the external sources.

Dim P C H.c.

uab;μ 1 −uabμ uba;μ uab;μ

hab;μν 2 −habμν hba;μν hab;μν

χ�;a
b 2 �χ�;a

b χ�;b
a �χ�;a

b

χ�;s 2 �χ�;s χ�;s �χ�;s

f�;a
b;μν 2 �f�;a

b
μν ∓ f�;b

a;μν f�;a
b;μν

fþ;s
μν 2 fþ;s;μν −fþ;s

μν fþ;s
μν

TABLE II. Chiral dimension (Dim), parity (P), charge con-
jugation (C), and Hermiticity (H.c.) of the Clifford algebra
elements, the Levi-Civita tensors, and the covariant derivatives.
The subscript “TT” (“BT”) denotes the meson-decuplet-decuplet
(meson-octet-decuplet) interactions in the three flavors (πΔΔ
(πNΔ) interactions in the two-flavor case). Ψ denotes any baryon
field, decuplet baryon, Δ, octet baryon, or nucleon. ϵabc (ϵab) is
the Levi-Civita tensor in three- (two)-flavor space. The meaning
of the plus or minus sign is explained in the text.

Dim PTT CTT H:c:TT 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
ϵμνλρ 0 − þ þ − þ þ
ϵabc 0 þ þ þ þ þ þ
ϵab 0 þ þ þ þ þ þ
DμΨ 0 þ − − þ þ þ
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3. Contact terms

The method to construct contact terms is the same as that
in Ref. [22]. In the two- (three)-flavor case, the total
number of the contact terms is six (five) and we list them
in the end of Table V. The last term in Table V is at the
Oðp6Þ order in the SUð3Þ case.

C. Relations between the original chiral Lagrangians
with Δ and the new ones

In Ref. [22], we have obtained the chiral Lagrangians
with Δ to one loop. There, the Δ fields are represented by
an isovector-isospinor RS field ψμ

i (i ¼ 1, 2, 3). Now, we
use a totally symmetrical tensor Tμ

abc (a, b, c ¼ 1, 2) to
represent them. The difference lies only in the flavor
representations. By some calculations, one gets the follow-
ing relations between these two formalisms of interaction
terms,

T̄abcOTabc ¼ ψ̄ iOψ i; ð37Þ

T̄abeOe
fTabf ¼ ψ̄ iOjτjψ i; ð38Þ

T̄abcXb
eYc

fTaef ¼ ψ̄ iXjYjψ i − ψ̄ iXiYjψ j

− ψ̄ iXjYiψ j; ð39Þ

T̄abcXa
dYb

eZc
fTdef ¼

1

6
ψ̄ iXlYjτjZlψ i

−
1

3
ψ̄ iXiYkτkZjψ j

þ PðX; Y; ZÞ; ð40Þ
ϵabψ̄cOa

fTbcf ¼
ffiffiffi
2

p
ψ̄Oiψ i; ð41Þ

ϵabψ̄cXa
eYc

fTebf ¼
ffiffiffi
2

p
ψ̄XiYjτjψ i; ð42Þ

ϵabψ̄cXa
eYb

fTefc ¼
ffiffiffi
2

p
iϵijkψ̄XiYjψk; ð43Þ

ϵabψ̄cXa
dYb

eZc
fTdef ¼

ffiffiffi
2

p
iϵijkψ̄XiYjZlτlψk; ð44Þ

where PðX; Y; ZÞ means all permutations for the symbols
X, Y, and Z. O, Oi, Xi, Yi and Zi are building blocks in
Ref. [22] or their products. The definitions of the symbols
in the right-hand side can be found in Ref. [22].
Alternatively, we may transform the original formalism

to the new one. To do that, we define transition isospin
Ij through ψ j ¼ Ijϕ with ϕ ¼ ðΔþþ;Δþ;Δ0;Δ−ÞT .
Similarly, we define Tabc ¼ Wi

abcϕ
i. The matrix forms

of Ij and the values of Wi
abc are easy to obtain from the

definitions. We have two relations in connecting the
original πΔΔ Lagrangians with the new ones,

ðI†i IjÞxy¼
1

2
½Wabc

x ðτiτjÞadWy
bcd−Wabc

x ðτiÞadðτjÞbeWy
cde�;
ð45Þ

ðI†i τlIjÞxy ¼
1

2
½Wabc

x ðτiτjÞadðτlÞbeWy
cde

−Wabc
x ðτiÞadðτjÞbeðτlÞcfWy

def�: ð46Þ
For the special case j ¼ i, one has

ðI†i IiÞxy ¼ Wabc
x Wy

abc; ð47Þ
ðI†i τlIiÞxy ¼ Wabc

x ðτlÞadWy
bcd: ð48Þ

To connect the original πNΔ Lagrangians with the new
ones, we may use

ðIiÞxy ¼
1ffiffiffi
2

p ϵ3abðτiÞacWy
xbc; ð49Þ

ðτiIjÞxy ¼
1ffiffiffi
2

p ϵ3abðτiÞxcðτjÞadWy
bcd: ð50Þ

Note ðτiIjÞxy ≠ 1ffiffi
2

p ϵ3abðτiÞacðτjÞxdWy
bcd. Substituting these

six equations into the right-hand sides of Eqs. (37)–(44), one
may prove the equivalence of the two sets of relations by
using the formula ϵ3abðτiτjÞacWy

xbc¼ϵ3abðτiÞacðτjÞbdWy
xcd.

V. RESULTS AND DISCUSSIONS

Following the same steps from Sec. IV C to Sec. IV E in
Ref. [22], we obtain the chiral Lagrangians with decuplet
baryons up to the order Oðp4Þ and list them below.

A. Oðp1Þ order
In the three-flavor case, the lowest order meson-

decuplet-decuplet chiral Lagrangian is

Lð1Þ
MTT ¼ � � � þ Cð1Þ

1 T̄abcμuadνγ5γνTbcdμ; ð51Þ

where Cð1Þ
1 is the low-energy constant at this order and the

ellipsis represents the terms coming from the first part in
Eq. (22). The lowest order meson-octet-decuplet chiral
Lagrangian reads

Lð1Þ
MBT ¼ Dð1Þ

1 ϵabcB̄a
dubeμTcdeμ þ H:c:: ð52Þ

In the two-flavor case, the lowest order πΔΔ chiral
Lagrangian has the same form as Eq. (51),

Lð1Þ
πΔΔ ¼ � � � þ eð1Þ1 T̄abcμuadνγ5γνTbcdμ: ð53Þ

The difference lies only in the allowed numbers for the
indices a, b, c, and d. Similarly, the lowest order πNΔ
chiral Lagrangian can be written as

Lð1Þ
πNΔ ¼ fð1Þ1 ðϵabψ̄cuadμTA;n;bcdμ þ H:c:Þ: ð54Þ

We have confirmed the previous results in Ref. [22] with
the newly constructed Lagrangians. With the relations in
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the last section, we get the relations between these two
kinds of LECs,

eð1Þ1 ¼ cð1Þ1 ¼ 1

2
g1; fð1Þ1 ¼ 1ffiffiffi

2
p gπNΔ: ð55Þ

B. Oðp2Þ order
The Oðp2Þ order meson-decuplet-decuplet chiral

Lagrangian has the form

Lð2Þ
MTT ¼

X13
n¼1

Cð2Þ
n Oð3;2Þ

n ; ð56Þ

where the operators O
ðNf¼3;2Þ
n are listed in Table III. The

meson-octet-decuplet chiral Lagrangian at this order is

Lð2Þ
MBT¼Dð2Þ

1 ðϵabcB̄a
dubeμucfνγ5γμTA;n;defνþH:c:Þ

þDð2Þ
2 ðϵabcB̄a

dubeμudfνγ5γμTA;n;cefνþH:c:Þ
þDð2Þ

3 ðϵabcB̄a
dubeμuefνγ5γμTA;n;cdfνþH:c:Þ

þDð2Þ
4 ðϵabcB̄a

dubeμuefνγ5γνTA;n;cdfμþH:c:Þ
þDð2Þ

5 ðiϵabcB̄a
dfþb

eμνγ5γμTA;n;cdeνþH:c:Þ: ð57Þ

This result is consistent with that in Ref. [34].
The new form of the πΔΔ chiral Lagrangian at theOðp2Þ

order is

Lð2Þ
πΔΔ ¼

X11
n¼1

eð2Þn Oð2;2Þ
n ; ð58Þ

where the operatorsO
ðNf¼2;2Þ
n can also be found in Table III.

The new form πNΔ chiral Lagrangian reads

Lð2Þ
πNΔ ¼ fð2Þ1 ðϵabψ̄cuadμubeνγ5γμTA;n;cdeν þ H:c:Þ

þ fð2Þ2 ðϵabψ̄cuadμuceνγ5γμTA;n;bdeν þ H:c:Þ
þ fð2Þ3 ðiϵabψ̄cfþa

dμνγ5γμTA;n;bcdν þ H:c:Þ: ð59Þ
This result is consistent with the Lagrangian in Ref. [22].
We present the relations between these two kinds of πΔΔ
LECs in the last column of Table III. The obtained relations
for the πNΔ LECs are

fð2Þ1 ¼ −
1ffiffiffi
2

p dð2Þ1 ; ð60Þ

fð2Þ2 ¼ 1ffiffiffi
2

p dð2Þ1 þ 1ffiffiffi
2

p dð2Þ2 ; ð61Þ

fð2Þ3 ¼ 1ffiffiffi
2

p dð2Þ3 : ð62Þ

C. Oðp3Þ and Oðp4Þ orders
We define the Oðp3Þ and Oðp4Þ chiral Lagrangians as

LðmÞ
MTT ¼

X
n

CðmÞ
n Oð3;mÞ

n ; ð63Þ

LðmÞ
MBT ¼

X
n

DðmÞ
n ðPð3;mÞ

n þ H:c:Þ; ð64Þ

LðmÞ
πΔΔ ¼

X
n

eðmÞ
n Oð2;mÞ

n ; ð65Þ

LðmÞ
πNΔ ¼

X
n

fðmÞ
n ðPð2;mÞ

n þ H:c:Þ; ð66Þ

where m ¼ 3 or 4 denotes the chiral dimension, CðmÞ
n , DðmÞ

n ,

eðmÞ
n , and fðmÞ

n are the LECs, and O
ðNf;mÞ
n and P

ðNf;mÞ
n are the

independent chiral-invariant terms in theNf-flavor case. The
results are listed in the Appendix. At the Oðp3Þ order, the
meson-decuplet-decuplet (πΔΔ) Lagrangians are presented
in Table IV. There are 55 (38) independent terms in theSUð3Þ
(SUð2Þ) case. The meson-octet-decuplet (πNΔ) Lagrangians
are given in Table VI. There are 67 (33) independent terms in
the SUð3Þ (SUð2Þ) case. At the Oðp4Þ order, the meson-
decuplet-decuplet (πΔΔ) Lagrangians are presented in
Table V. There are 548 (318) independent terms in the
SUð3Þ (SUð2Þ) case. The meson-octet-decuplet (πNΔ)
Lagrangians are listed in Table VII. There are 611 (218)
independent terms in theSUð3Þ (SUð2Þ) case.Note that the zn
parameters should be different for the meson-octet-decuplet
and πNΔ Lagrangians at the different orders, but we do not
distinguish them explicitly in the results.
To merge the meson-octet-decuplet and the πNΔ results,

similar to those for the meson-decuplet-decuplet and πΔΔ,
we write them in a unified form. We have changed the

TABLE III. The order Oðp2Þ meson-decuplet-decuplet (πΔΔ)
chiral Lagrangians, and the relations between πΔΔ LECs here
and those in Ref. [22].

O
ðnf;2Þ
n SUð2Þ SUð3Þ eð2Þn

T̄abcμuadμubeνTcdeν 1 1 −cð2Þ1 =2 − cð2Þ2 =2
T̄abcμuadνubeνTcdeμ 2 2 −cð2Þ3 =2
T̄abcμuadμudeνTbceν 3 3 cð2Þ1 =2þ cð2Þ4 =2
T̄abcμuadνudeμTbceν 4 4 cð2Þ2 =2þ cð2Þ4 =2
T̄abcμuadνudeνTbceμ 5 5 cð2Þ3 =2þ cð2Þ5

T̄abcμudeμuedνTabcν 6
T̄abcμudeνuedνTabcμ 7
T̄abcμuadνubeλDνλTcdeμ 6 8 −cð2Þ6 =2
T̄abcμuadνudeλDνλTbceμ 7 9 cð2Þ6 =2þ cð2Þ7

T̄abcμudeνuedλDνλTabcμ 10
iT̄abcμfs;þμ

νTabcν 8 cð2Þ8

iT̄abcμfþa
d
μ
νTbcdν 9 11 cð2Þ9

T̄abcμχþ;sTabcμ 10 12 cð2Þ10

T̄abcμχþa
dTbcdμ 11 13 cð2Þ11
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SUð2Þ results with ϵabψ̄c → ϵdabB̄d
c by setting d ¼ 3 but

a, b, c ¼ 1, 2 as before. Now, one can get the SUð2Þ results
from corresponding terms in Table VI and Table VII with

ϵabcB̄a
d… ⟶

Nf¼2
ϵbcψ̄d…: ð67Þ

Because the number of LECs in Oðp3Þ and Oðp4Þ
Lagrangians is large and only several LECs will be
involved in a study, we here do not give the LEC relations
between the new and original results at high orders. Each
form of Lagrangian can be chosen to study low-energy
processes. One may use relations in Sec. IV C to determine
LECs from another form terms, if necessary.
From the results, one can see that not only the total

number of terms but also the numbers in each type of
external source in the chiral Lagrangians with Δ are the
same as those in Ref. [22]. The equality in number is a strict
condition for consistency of Lagrangians in different forms.
The violation of this condition means that the number of
terms in either or both forms is not minimal. This check
confirms our previous results.

VI. SUMMARY

In this paper, we construct the relativistic chiral
Lagrangians with decuplet baryons and give a new form

of the chiral Lagrangians with Δð1232Þ to one loop.
These chiral Lagrangians are for the meson-decuplet-
decuplet, meson-octet-decuplet, πΔΔ, and πNΔ inter-
actions. The correspondence between the πΔΔ and πNΔ
chiral Lagrangians in Ref. [22] and those in the
present form can be obtained with the relations we get
in Sec. IV C.
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APPENDIX: INDEPENDENT TERMS IN Oð p3Þ AND Oð p4Þ CHIRAL LAGRANGIANS
WITH DECUPLET BARYONS

TABLE IV. Terms in theOðp3Þmeson-decuplet-decuplet and πΔΔ chiral Lagrangians, whereO
ðNf;3Þ
n is defined in Eqs. (63) and (65).

O
ðNf;3Þ
n SUð2Þ SUð3Þ O

ðNf;3Þ
n SUð2Þ SUð3Þ

T̄abcμuadμubeνucfλγ5γνTdefλ 1 1 T̄abcμuadνf−deμλDνTbceλ þ H:c: 15 30
T̄abcμuadμubeνudfλγ5γνTcefλ 2 2 T̄abcμuadνf−deμλDλTbceν þ H:c: 16 31
T̄abcμuadμubeνudfλγ5γλTcefν þ H:c: 3 3 T̄abcμuadνf−deνλDλTbceμ þ H:c: 17 32
T̄abcμuadμubeνuefλγ5γλTcdfν þ H:c: 4 4 T̄abcμudeμf−edνλDνTabcλ þ H:c: 33
T̄abcμuadνubeνucfλγ5γλTdefμ 5 5 T̄abcμudeνf−edμλDνTabcλ 34
T̄abcμuadμudeνuefλγ5γνTbcfλ 6 T̄abcμuadμhdeνλDνTbceλ þ H:c: 18 35
T̄abcμuadνubeνudfλγ5γλTcefμ þ H:c: 6 7 T̄abcμuadνhdeνλDλTbceμ þ H:c: 19 36
T̄abcμuadνubeλudfμγ5γλTcefν 7 8 T̄abcμuadνhdeλρDνλρTbceμ þ H:c: 20 37
T̄abcμuadμudeνuefλγ5γλTbcfν þ H:c: 9 T̄abcμ∇νf−adνλγ5γλTbcdμ 21 38
T̄abcμuadνubeλudfνγ5γλTcefμ 8 10 iT̄abcμfþa

d
μ
νubeλγ5γνTcdeλ þ H:c: 22 39

T̄abcμuadμuefνufeλγ5γνTbcdλ þ H:c: 11 iT̄abcμfþa
d
μ
νubeλγ5γλTcdeν 23 40

T̄abcμuadνudeμuefλγ5γλTbcfν þ H:c: 12 iT̄abcμfþa
d
μ
νudeλγ5γνTbceλ þ H:c: 24 41

T̄abcμuadνudeνuefλγ5γλTbcfμ þ H:c: 13 iT̄abcμfþa
d
μ
νudeλγ5γλTbceν þ H:c: 25 42

T̄abcμuadνudeλuefμγ5γλTbcfν 14 iT̄abcμfþa
dνλudeμγ5γνTbceλ þ H:c: 26 43

T̄abcμuadνudeλuefνγ5γλTbcfμ 15 iT̄abcμfþa
dνλudeνγ5γλTbceμ þ H:c: 27 44

T̄abcμuadνuefμufeλγ5γνTbcdλ 16 iT̄abcμfþde
μ
νuedλγ5γνTabcλ þ H:c: 45

T̄abcμuadνuefνufeλγ5γλTbcdμ 17 iT̄abcμfþde
μ
νuedλγ5γλTabcν 46

(Table continued)
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TABLE IV. (Continued)

O
ðNf;3Þ
n SUð2Þ SUð3Þ O

ðNf;3Þ
n SUð2Þ SUð3Þ

T̄abcμuadνuefλufeλγ5γνTbcdμ 18 iT̄abcμfþa
dνλudeργ5γνDλρTbceμ þ H:c: 28 47

T̄abcμudeμuefνufdλγ5γνTabcλ 19 iT̄abcμfs;þμ
νuadλγ5γνTbcdλ þ H:c: 29

T̄abcμuadνubeλucfργ5γνDλρTdefμ 9 20 iT̄abcμfs;þμ
νuadλγ5γλTbcdν 30

T̄abcμuadνubeλudfργ5γνDλρTcefμ þ H:c: 10 21 iT̄abcμ∇νfþa
d
ν
λDλTbcdμ 31 48

T̄abcμuadνubeλudfργ5γλDνρTcefμ 11 22 iT̄abcμ∇νfs;þν
λDλTabcμ 32

T̄abcμuadνudeλuefργ5γνDλρTbcfμ þ H:c: 23 T̄abcμuadνχþb
eγ5γνTcdeμ 33 49

T̄abcμuadνudeλuefργ5γλDνρTbcfμ 24 T̄abcμuadνχþd
eγ5γνTbceμ þ H:c: 34 50

T̄abcμuadνuefλufeργ5γνDλρTbcdμ 25 T̄abcμudeνχþedγ5γνTabcμ 51
T̄abcμuadνuefλufeργ5γλDνρTbcdμ 26 T̄abcμuadνχþ;sγ5γνTbcdμ 35 52
T̄abcμuadμf−beνλDνTcdeλ þ H:c: 12 27 iT̄abcμuadνχ−deDνTbceμ þ H:c: 36 53
T̄abcμuadνf−beμλDνTcdeλ 13 28 iT̄abcμ∇νχ−a

dγ5γνTbcdμ 37 54
T̄abcμuadμf−deνλDνTbceλ þ H:c: 14 29 iT̄abcμ∇νχ−;sγ5γνTabcμ 38 55

TABLE V. Terms in the Oðp4Þ meson-decuplet-decuplet and πΔΔ chiral Lagrangians, where O
ðNf;4Þ
n is defined in Eqs. (63) and (65).

O
ðNf;4Þ
n SUð2Þ SUð3Þ O

ðNf;4Þ
n SUð2Þ SUð3Þ

T̄abcμuadμubeνucfνudgλTefgλ 1 1 T̄abcμhdeνλhedρσDνλρσTabcμ 299
T̄abcμuadμubeνucfνuegλTdfgλ þ H:c: 2 2 iT̄abcμhadμνhdeλρσνλTbceρ 122 300
T̄abcμuadμubeνucfλuegνTdfgλ 3 3 T̄abcμuadμ∇νf−beνλTcdeλ þ H:c: 123 301
T̄abcμuadμubeνucfλuegλTdfgν þ H:c: 4 4 T̄abcμuadν∇λf−beνλTcdeμ 124 302
T̄abcμuadμubeνudfνuegλTcfgλ 5 5 T̄abcμuadμ∇νf−deνλTbceλ þ H:c: 125 303
T̄abcμuadμubeνudfλuegνTcfgλ 6 T̄abcμuadν∇λf−deμλTbceν þ H:c: 126 304
T̄abcμuadμubeνudfνufgλTcegλ 7 T̄abcμuadν∇λf−deνλTbceμ þ H:c: 127 305
T̄abcμuadμubeνudfλuegλTcfgν þ H:c: 6 8 T̄abcμudeμ∇νf−edνλTabcλ þ H:c: 306
T̄abcμuadμubeνudfλufgνTcegλ þ H:c: 9 T̄abcμudeν∇λf−edνλTabcμ 307
T̄abcμuadμubeνuefνufgλTcdgλ þ H:c: 10 T̄abcμuadν∇λf−beλρDνρTcdeμ 128 308
T̄abcμuadμubeνuefλufgνTcdgλ þ H:c: 11 T̄abcμuadν∇λf−deλρDνρTbceμ þ H:c: 129 309
T̄abcμuadμubeνuefλufgλTcdgν þ H:c: 12 T̄abcμudeν∇λf−edλρDνρTabcμ 310
T̄abcμuadμubeνufgνugfλTcdeλ þ H:c: 13 iT̄abcμfþa

d
μ
νubeνucfλTdefλ þ H:c: 130 311

T̄abcμuadνubeνucfλufgμTdegλ 7 14 iT̄abcμfþa
d
μ
νubeνudfλTcefλ þ H:c: 131 312

T̄abcμuadμubeνufgλugfλTcdeν 15 iT̄abcμfþa
d
μ
νubeνuefλTcdfλ þ H:c: 132 313

T̄abcμuadνubeνucfλudgλTefgμ 8 16 iT̄abcμfþa
d
μ
νubeλucfλTdefν 133 314

T̄abcμuadνubeνucfλufgλTdegμ 9 17 iT̄abcμfþa
d
μ
νubeλudfνTcefλ þ H:c: 134 315

T̄abcμuadνubeνudfλufgμTcegλ þ H:c: 18 iT̄abcμfþa
d
μ
νubeλudfλTcefν þ H:c: 135 316

T̄abcμuadμudeνuefνufgλTbcgλ 19 iT̄abcμfþa
d
μ
νubeλuefνTcdfλ þ H:c: 136 317

T̄abcμuadνubeνudfλuegλTcfgμ 10 20 iT̄abcμfþa
d
μ
νubeλuefλTcdfν 137 318

T̄abcμuadνubeλudfμuegνTcfgλ 11 21 iT̄abcμfþa
d
μ
νudeνuefλTbcfλ þ H:c: 319

T̄abcμuadνubeνudfλufgλTcegμ þ H:c: 22 iT̄abcμfþa
dνλubeμudfνTcefλ þ H:c: 138 320

T̄abcμuadμudeνuefλufgνTbcgλ þ H:c: 23 iT̄abcμfþa
d
μ
νudeλuefνTbcfλ þ H:c: 321

T̄abcμuadνubeλudfμuegλTcfgν 24 iT̄abcμfþa
d
μ
νudeλuefλTbcfν þ H:c: 322

T̄abcμuadμudeνuefλufgλTbcgν þ H:c: 25 iT̄abcμfþa
dνλubeνudfμTcefλ þ H:c: 139 323

T̄abcμuadνubeνufgμugfλTcdeλ 26 iT̄abcμfþa
dνλubeνudfλTcefμ þ H:c: 140 324

T̄abcμuadνubeλudfνuegλTcfgμ 12 27 iT̄abcμfþa
d
μ
νuefνufeλTbcdλ þ H:c: 325

T̄abcμuadνubeλudfλuegνTcfgμ 28 iT̄abcμfþa
dνλubeνuefλTcdfμ 141 326

T̄abcμuadνubeλudfλufgμTcegν 29 iT̄abcμfþa
dνλudeμuefνTbcfλ þ H:c: 327

T̄abcμuadνubeλudfλufgνTcegμ 30 iT̄abcμfþa
d
μ
νuefλufeλTbcdν 328
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TABLE V. (Continued)

O
ðNf;4Þ
n SUð2Þ SUð3Þ O

ðNf;4Þ
n SUð2Þ SUð3Þ

T̄abcμuadνubeνufgλugfλTcdeμ 31 iT̄abcμfþa
dνλudeνuefμTbcfλ þ H:c: 329

T̄abcμuadνudeμuefλufgνTbcgλ 32 iT̄abcμfþa
dνλudeνuefλTbcfμ þ H:c: 330

T̄abcμuadνudeμuefλufgλTbcgν þ H:c: 33 iT̄abcμfþde
μ
νuadνuefλTbcfλ þ H:c: 331

T̄abcμuadνudeμufgνugfλTbceλ þ H:c: 34 iT̄abcμfþde
μ
νuadλuefνTbcfλ þ H:c: 332

T̄abcμuadνubeλufgνugfλTcdeμ 35 iT̄abcμfþde
μ
νuadλuefλTbcfν 333

T̄abcμuadνudeνufgμugfλTbceλ 36 iT̄abcμfþde
μ
νuafνuedλTbcfλ þ H:c: 334

T̄abcμuadνudeμufgλugfλTbceν 37 iT̄abcμfþde
μ
νuafλuedνTbcfλ þ H:c: 335

T̄abcμuadνudeνuefλufgλTbcgμ 38 iT̄abcμfþde
μ
νuafλuedλTbcfν 336

T̄abcμuadνudeλuefνufgλTbcgμ 39 iT̄abcμfþdeνλuadνuefλTbcfμ 337
T̄abcμuadνudeνufgλugfλTbceμ 40 iT̄abcμfþde

μ
νuefνufdλTabcλ þ H:c: 338

T̄abcμuadνuefμufgνuge
λTbcdλ 41 iT̄abcμfþdeνλuefνufdλTabcμ 339

T̄abcμudeμuedνufgνugfλTabcλ 42 iT̄abcμfþa
d
μ
νubeλucfρDνλTdefρ þ H:c: 142 340

T̄abcμudeμuedνufgλugfλTabcν 43 iT̄abcμfþa
d
μ
νubeλucfρDλρTdefν 143 341

T̄abcμudeνuedνufgλugfλTabcμ 44 iT̄abcμfþa
d
μ
νubeλudfρDνλTcefρ þ H:c: 144 342

T̄abcμudeνuedλufgνugfλTabcμ 45 iT̄abcμfþa
d
μ
νubeλudfρDνρTcefλ þ H:c: 145 343

T̄abcμuadμubeνucfλudgρDνλTefgρ 13 46 iT̄abcμfþa
d
μ
νubeλudfρDλρTcefν þ H:c: 146 344

T̄abcμuadμubeνucfλudgρDνρTefgλ þ H:c: 14 47 iT̄abcμfþa
d
μ
νubeλuefρDνλTcdfρ þ H:c: 147 345

T̄abcμuadμubeνucfλuegρDνρTdfgλ 15 48 iT̄abcμfþa
d
μ
νubeλuefρDνρTcdfλ þ H:c: 148 346

T̄abcμuadμubeνucfλuegρDλρTdfgν þ H:c: 16 49 iT̄abcμfþa
d
μ
νubeλuefρDλρTcdfν 149 347

T̄abcμuadμubeνudfλuegρDνλTcfgρ 17 50 iT̄abcμfþa
d
μ
νudeλuefρDνλTbcfρ þ H:c: 348

T̄abcμuadμubeνudfλuegρDνρTcfgλ 51 iT̄abcμfþa
d
μ
νudeλuefρDνρTbcfλ þ H:c: 349

T̄abcμuadμubeνudfλuegρDλρTcfgν þ H:c: 18 52 iT̄abcμfþa
d
μ
νudeλuefρDλρTbcfν þ H:c: 350

T̄abcμuadμubeνudfλufgρDνλTcegρ 53 iT̄abcμfþa
dνλubeμudfρDνρTcefλ þ H:c: 150 351

T̄abcμuadμubeνudfλufgρDνρTcegλ þ H:c: 54 iT̄abcμfþa
dνλubeνudfρDλρTcefμ þ H:c: 151 352

T̄abcμuadμubeνudfλufgρDλρTcegν þ H:c: 55 iT̄abcμfþa
dνλubeνuefρDλρTcdfμ þ H:c: 152 353

T̄abcμuadμubeνuefλufgρDνρTcdgλ þ H:c: 56 iT̄abcμfþa
dνλubeρudfμDνρTcefλ þ H:c: 153 354

T̄abcμuadμubeνuefλufgρDλρTcdgν þ H:c: 57 iT̄abcμfþa
d
μ
νuefλufeρDνλTbcdρ þ H:c: 355

T̄abcμuadμubeνufgλugfρDνλTcdeρ þ H:c: 58 iT̄abcμfþa
d
μ
νuefλufeρDλρTbcdν 356

T̄abcμuadμubeνufgλugfρDλρTcdeν 59 iT̄abcμfþa
dνλubeρudfνDλρTcefμ þ H:c: 154 357

T̄abcμuadνubeνucfλudgρDλρTefgμ þ H:c: 19 60 iT̄abcμfþa
dνλudeμuefρDνρTbcfλ þ H:c: 358

T̄abcμuadνubeνucfλufgρDλρTdegμ 20 61 iT̄abcμfþa
dνλudeνuefρDλρTbcfμ þ H:c: 359

T̄abcμuadμudeνuefλufgρDνλTbcgρ 62 iT̄abcμfþa
dνλudeρuefμDνρTbcfλ þ H:c: 360

T̄abcμuadμudeνuefλufgρDνρTbcgλ þ H:c: 63 iT̄abcμfþa
dνλudeρuefνDλρTbcfμ þ H:c: 361

T̄abcμuadμudeνuefλufgρDλρTbcgν þ H:c: 64 iT̄abcμfþde
μ
νuadλuefρDνλTbcfρ þ H:c: 362

T̄abcμuadνubeνudfλuegρDλρTcfgμ þ H:c: 21 65 iT̄abcμfþde
μ
νuadλuefρDνρTbcfλ þ H:c: 363

T̄abcμuadνubeνudfλufgρDλρTcegμ þ H:c: 66 iT̄abcμfþde
μ
νuadλuefρDλρTbcfν 364

T̄abcμuadνubeλudfμuegρDνρTcfgλ 22 67 iT̄abcμfþde
μ
νuafλuedρDνλTbcfρ þ H:c: 365

T̄abcμuadνubeλudfμuegρDλρTcfgν 23 68 iT̄abcμfþde
μ
νuafλuedρDνρTbcfλ þ H:c: 366

T̄abcμuadνubeλudfμufgρDλρTcegν þ H:c: 69 iT̄abcμfþde
μ
νuafλuedρDλρTbcfν 367

T̄abcμuadνubeλucfρudgμDλρTefgν 70 iT̄abcμfþdeνλuadνuefρDλρTbcfμ þ H:c: 368
T̄abcμuadνubeλucfρudgνDλρTefgμ 24 71 iT̄abcμfþde

μ
νuefλufdρDνλTabcρ þ H:c: 369

T̄abcμuadνubeλudfνuegρDλρTcfgμ 25 72 iT̄abcμfþdeνλuefνufdρDλρTabcμ þ H:c: 370
T̄abcμuadνubeλudfνufgρDλρTcegμ þ H:c: 73 T̄abcμfþa

d
μ
νubeλucfρσνλTdefρ þ H:c: 155 371

T̄abcμuadνubeλudfλuegρDνρTcfgμ 74 T̄abcμfþa
d
μ
νubeλudfρσνλTcefρ þ H:c: 156 372

T̄abcμuadνubeνufgλugfρDλρTcdeμ 75 T̄abcμfþa
d
μ
νubeλudfρσνρTcefλ þ H:c: 157 373

T̄abcμuadνubeλudfλufgρDνρTcegμ 76 T̄abcμfþa
d
μ
νubeλuefρσνλTcdfρ þ H:c: 158 374

T̄abcμuadνubeλudfρufgμDλρTcegν 77 T̄abcμfþa
d
μ
νubeλuefρσνρTcdfλ þ H:c: 159 375
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O
ðNf;4Þ
n SUð2Þ SUð3Þ O

ðNf;4Þ
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T̄abcμuadνubeλudfρufgνDλρTcegμ 78 iT̄abcμfs;þμ
νuadνubeλTcdeλ þ H:c: 160

T̄abcμuadνudeμuefλufgρDνρTbcgλ 79 iT̄abcμfs;þμ
νuadλubeλTcdeν 161

T̄abcμuadνudeμuefλufgρDλρTbcgν þ H:c: 80 iT̄abcμfs;þμ
νuadνudeλTbceλ þ H:c: 162

T̄abcμuadνubeλufgμugfρDνλTcdeρ 81 iT̄abcμfs;þμ
νuadλudeνTbceλ þ H:c: 163

T̄abcμuadνubeλufgνugfρDλρTcdeμ 82 iT̄abcμfs;þμ
νuadλudeλTbceν 164

T̄abcμuadνudeμufgλugfρDνλTbceρ þ H:c: 83 iT̄abcμfs;þνλuadνudeλTbceμ 165
T̄abcμuadνudeμufgλugfρDλρTbceν 84 iT̄abcμfs;þμ

νuadλubeρDνλTcdeρ þ H:c: 166
T̄abcμuadνudeνuefλufgρDλρTbcgμ þ H:c: 85 iT̄abcμfs;þμ

νuadλubeρDλρTcdeν 167
T̄abcμuadνudeλuefμufgρDνρTbcgλ 86 iT̄abcμfs;þμ

νuadλudeρDνλTbceρ þ H:c: 168
T̄abcμuadνubeλufgρugfρDνλTcdeμ 87 iT̄abcμfs;þμ

νuadλudeρDνρTbceλ þ H:c: 169
T̄abcμuadνudeνufgλugfρDλρTbceμ 88 iT̄abcμfs;þμ

νuadλudeρDλρTbceν 170
T̄abcμuadνudeλuefνufgρDλρTbcgμ þ H:c: 89 iT̄abcμfs;þνλuadνudeρDλρTbceμ þ H:c: 171
T̄abcμuadνudeλuefλufgρDνρTbcgμ 90 T̄abcμfs;þμ

νuadλubeρσνλTcdeρ þ H:c: 172
T̄abcμuadνuefμufgλugeρDνλTbcdρ 91 T̄abcμfs;þμ

νuadλudeρσνλTbceρ þ H:c: 173
T̄abcμudeμuedνufgλugfρDνλTabcρ 92 T̄abcμfs;þμ

νuadλudeρσνρTbceλ þ H:c: 174
T̄abcμudeμuedνufgλugfρDλρTabcν 93 T̄abcμfþa

d
μ
νudeλuefρσνλTbcfρ þ H:c: 376

T̄abcμudeνuedνufgλugfρDλρTabcμ 94 T̄abcμfþa
d
μ
νudeλuefρσνρTbcfλ þ H:c: 377

T̄abcμudeνuedλufgνugfρDλρTabcμ 95 T̄abcμfþa
d
μ
νuefλufeρσνλTbcdρ þ H:c: 378

T̄abcμuadνubeλucfρudgσDνλρσTefgμ 26 96 T̄abcμfþde
μ
νuadλuefρσνλTbcfρ þ H:c: 379

T̄abcμuadνubeλudfρuegσDνλρσTcfgμ 27 97 T̄abcμfþde
μ
νuadλuefρσνρTbcfλ þ H:c: 380

T̄abcμuadνubeλudfρufgσDνλρσTcegμ 98 T̄abcμfþde
μ
νuafλuedρσνλTbcfρ þ H:c: 381

T̄abcμuadνubeλufgρugfσDνλρσTcdeμ 99 T̄abcμfþde
μ
νuefλufdρσνλTabcρ þ H:c: 382

T̄abcμuadνudeλuefρufgσDνλρσTbcgμ 100 iT̄abcμfþa
d
μ
νf−beλργ5γνDλTcdeρ þ H:c: 175 383

T̄abcμudeνuedλufgρugfσDνλρσTabcμ 101 iT̄abcμfþa
d
μ
νf−beλργ5γλDνTcdeρ þ H:c: 176 384

iT̄abcμuadμubeνucfλudgρσνρTefgλ þ H:c: 28 102 iT̄abcμfþa
dνλf−beνργ5γλDρTcdeμ 177 385

iT̄abcμuadμubeνucfλuegρσνρTdfgλ 29 103 iT̄abcμfþa
dνλf−beνργ5γρDλTcdeμ 178 386

iT̄abcμuadμubeνudfλuegρσνλTcfgρ 30 104 iT̄abcμfþa
d
μ
νf−deλργ5γνDλTbceρ þ H:c: 179 387

iT̄abcμuadμubeνudfλuegρσνρTcfgλ 105 iT̄abcμfþa
d
μ
νf−deλργ5γλDνTbceρ þ H:c: 180 388

iT̄abcμuadμubeνudfλufgρσνρTcegλ þ H:c: 106 iT̄abcμfþa
d
μ
νf−deλργ5γλDρTbceν þ H:c: 181 389

iT̄abcμuadμubeνuefλufgρσνρTcdgλ þ H:c: 107 iT̄abcμfþa
dνλf−deμργ5γνDλTbceρ þ H:c: 182 390

iT̄abcμuadμubeνufgλugfρσνλTcdeρ þ H:c: 108 iT̄abcμfþa
dνλf−deμργ5γνDρTbceλ þ H:c: 183 391

iT̄abcμuadνubeλudfμuegρσνρTcfgλ 31 109 iT̄abcμfþa
dνλf−deμργ5γρDνTbceλ þ H:c: 184 392

iT̄abcμuadμudeνuefλufgρσνλTbcgρ 110 iT̄abcμfþa
dνλf−deνργ5γλDρTbceμ þ H:c: 185 393

iT̄abcμuadμudeνuefλufgρσνρTbcgλ þ H:c: 111 iT̄abcμfþa
dνλf−deνργ5γρDλTbceμ þ H:c: 186 394

iT̄abcμuadνudeμuefλufgρσνρTbcgλ 112 iT̄abcμfs;þμ
νf−adλργ5γνDλTbcdρ þ H:c: 187

iT̄abcμuadνudeμufgλugfρσνλTbceρ þ H:c: 113 iT̄abcμfs;þμ
νf−adλργ5γλDνTbcdρ þ H:c: 188

iT̄abcμudeμuedνufgλugfρσνλTabcρ 114 iT̄abcμfs;þνλf−adνργ5γλDρTbcdμ 189
T̄abcμuadμubeνf−cfλργ5γνDλTdefρ þ H:c: 32 115 iT̄abcμfs;þνλf−adνργ5γρDλTbcdμ 190
T̄abcμuadμubeνf−cfλργ5γλDνTdefρ þ H:c: 33 116 iT̄abcμfþde

μ
νf−edλργ5γνDλTabcρ þ H:c: 395

T̄abcμuadμubeνf−dfλργ5γνDλTcefρ þ H:c: 34 117 iT̄abcμfþde
μ
νf−edλργ5γλDνTabcρ þ H:c: 396

T̄abcμuadμubeνf−dfλργ5γλDνTcefρ þ H:c: 35 118 iT̄abcμfþdeνλf−edνργ5γλDρTabcμ 397
T̄abcμuadμubeνf−dfλργ5γλDρTcefν þ H:c: 36 119 iT̄abcμfþdeνλf−edνργ5γρDλTabcμ 398
T̄abcμuadμubeνf−efλργ5γνDλTcdfρ þ H:c: 37 120 iT̄abcμfþa

d
μ
νhbeλργ5γνDλTcdeρ þ H:c: 191 399

T̄abcμuadμubeνf−efλργ5γλDνTcdfρ þ H:c: 38 121 iT̄abcμfþa
d
μ
νhbeλργ5γλDνTcdeρ þ H:c: 192 400

T̄abcμuadμubeνf−efλργ5γλDρTcdfν þ H:c: 39 122 iT̄abcμfþa
dνλhbeμργ5γνDλTcdeρ 193 401

T̄abcμuadμudeνf−bfλργ5γνDλTcefρ þ H:c: 40 123 iT̄abcμfþa
dνλhbeνργ5γλDρTcdeμ 194 402

T̄abcμuadμudeνf−bfλργ5γλDνTcefρ þ H:c: 41 124 iT̄abcμfþa
dνλhbeνργ5γρDλTcdeμ 195 403

T̄abcμuadνubeλf−cfμργ5γνDλTdefρ 42 125 iT̄abcμfþa
d
μ
νhdeλργ5γνDλTbceρ þ H:c: 196 404
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T̄abcμuadμudeνf−efλργ5γνDλTbcfρ þ H:c: 126 iT̄abcμfþa
d
μ
νhdeλργ5γλDνTbceρ þ H:c: 197 405

T̄abcμuadμudeνf−efλργ5γλDνTbcfρ þ H:c: 127 iT̄abcμfþa
d
μ
νhdeλργ5γλDρTbceν þ H:c: 198 406

T̄abcμuadμudeνf−efλργ5γλDρTbcfν þ H:c: 128 iT̄abcμfþa
dνλhdeμργ5γνDλTbceρ þ H:c: 199 407

T̄abcμuadνubeλf−dfμργ5γνDλTcefρ þ H:c: 43 129 iT̄abcμfþa
dνλhdeμργ5γνDρTbceλ þ H:c: 200 408

T̄abcμuadνubeλf−dfμργ5γνDρTcefλ þ H:c: 44 130 iT̄abcμfþa
dνλhdeνργ5γλDρTbceμ þ H:c: 201 409

T̄abcμuadνudeμf−bfλργ5γνDλTcefρ þ H:c: 45 131 iT̄abcμfþa
dνλhdeνργ5γρDλTbceμ þ H:c: 202 410

T̄abcμuadνubeνf−dfλργ5γλDρTcefμ þ H:c: 46 132 iT̄abcμfþde
μ
νhedλργ5γνDλTabcρ þ H:c: 411

T̄abcμuadμuefνf−beλργ5γλDνTcdfρ þ H:c: 47 133 iT̄abcμfþde
μ
νhedλργ5γλDνTabcρ þ H:c: 412

T̄abcμuadνubeλf−dfμργ5γλDνTcefρ þ H:c: 48 134 iT̄abcμfþdeνλhedμργ5γνDλTabcρ 413
T̄abcμuadνubeλf−dfμργ5γλDρTcefν þ H:c: 49 135 iT̄abcμfþdeνλhedνργ5γλDρTabcμ 414
T̄abcμuadνudeμf−bfλργ5γλDνTcefρ þ H:c: 50 136 iT̄abcμfþdeνλhedνργ5γρDλTabcμ 415
T̄abcμuadνubeλf−dfμργ5γρDλTcefν þ H:c: 51 137 iT̄abcμfþa

dνλhbeρσγ5γνDλρσTcdeμ 203 416
T̄abcμuadνubeλf−dfνργ5γλDρTcefμ þ H:c: 52 138 iT̄abcμfþa

dνλhdeρσγ5γνDλρσTbceμ þ H:c: 204 417
T̄abcμuadμuefνf−deλργ5γνDλTbcfρ þ H:c: 139 iT̄abcμfs;þμ

νhadλργ5γνDλTbcdρ þ H:c: 205
T̄abcμuadνubeλf−dfνργ5γρDλTcefμ þ H:c: 53 140 iT̄abcμfs;þμ

νhadλργ5γλDνTbcdρ þ H:c: 206
T̄abcμuadνubeλf−dfλργ5γνDρTcefμ þ H:c: 54 141 iT̄abcμfs;þνλhadμργ5γνDλTbcdρ 207
T̄abcμuadμuefνf−deλργ5γλDνTbcfρ þ H:c: 142 iT̄abcμfs;þνλhadνργ5γλDρTbcdμ 208
T̄abcμuadνudeλf−bfμργ5γνDλTcefρ þ H:c: 55 143 iT̄abcμfs;þνλhadνργ5γρDλTbcdμ 209
T̄abcμuadνudeμf−efλργ5γνDλTbcfρ þ H:c: 144 iT̄abcμfs;þνλhadρσγ5γνDλρσTbcdμ 210
T̄abcμuadνubeλf−dfλργ5γρDνTcefμ þ H:c: 56 145 iT̄abcμfþdeνλhedρσγ5γνDλρσTabcμ 418
T̄abcμuadμuefνf−feλργ5γνDλTbcdρ þ H:c: 146 iT̄abcμ∇νfþa

d
ν
λubeργ5γλDρTcdeμ 211 419

T̄abcμuadμuefνf−feλργ5γλDνTbcdρ þ H:c: 147 iT̄abcμ∇νfþa
d
ν
λubeργ5γρDλTcdeμ 212 420

T̄abcμuadμuefνf−feλργ5γλDρTbcdν þ H:c: 148 iT̄abcμ∇νfþa
dλρubeνγ5γλDρTcdeμ 213 421

T̄abcμuadνudeμf−efλργ5γλDνTbcfρ þ H:c: 149 iT̄abcμ∇νfþa
d
ν
λudeργ5γλDρTbceμ þ H:c: 214 422

T̄abcμuadνudeμf−efλργ5γλDρTbcfν þ H:c: 150 iT̄abcμ∇νfþa
d
ν
λudeργ5γρDλTbceμ þ H:c: 215 423

T̄abcμuadνudeλf−bfνργ5γλDρTcefμ þ H:c: 57 151 iT̄abcμ∇νfþa
dλρudeνγ5γλDρTbceμ þ H:c: 216 424

T̄abcμuadνudeλf−bfνργ5γρDλTcefμ þ H:c: 58 152 iT̄abcμ∇νfs;þν
λuadργ5γλDρTbcdμ 217

T̄abcμuadνuefμf−deλργ5γνDλTbcfρ þ H:c: 153 iT̄abcμ∇νfs;þν
λuadργ5γρDλTbcdμ 218

T̄abcμuadνudeλf−efμργ5γνDλTbcfρ þ H:c: 154 iT̄abcμ∇νfs;þλρuadνγ5γλDρTbcdμ 219
T̄abcμuadνudeλf−efμργ5γνDρTbcfλ þ H:c: 155 iT̄abcμ∇νfþde

ν
λuedργ5γλDρTabcμ 425

T̄abcμuadνudeνf−efλργ5γλDρTbcfμ þ H:c: 156 iT̄abcμ∇νfþde
ν
λuedργ5γρDλTabcμ 426

T̄abcμuadνudeλf−efμργ5γλDνTbcfρ þ H:c: 157 iT̄abcμ∇νfþdeλρuedνγ5γλDρTabcμ 427
T̄abcμuadνudeλf−efμργ5γλDρTbcfν þ H:c: 158 iεμνλρT̄abcσfþa

d
μσf−b

e
νλTcdeρ þ H:c: 220 428

T̄abcμuadνuefμf−deλργ5γλDνTbcfρ þ H:c: 159 iεμνλρT̄abcσfþa
d
μσf−d

e
νλTbceρ þ H:c: 221 429

T̄abcμuadνudeλf−efμργ5γρDνTbcfλ þ H:c: 160 iεμνλρT̄abcσfþa
d
μνf−d

e
λσTbceρ þ H:c: 222 430

T̄abcμuadνudeλf−efμργ5γρDλTbcfν þ H:c: 161 iεμνλρT̄abc
μfþa

d
ν
σf−deλσTbceρ þ H:c: 223 431

T̄abcμuadνudeλf−efνργ5γλDρTbcfμ þ H:c: 162 iεμνλρT̄abcσfs;þμσf−adνλTbcdρ þ H:c: 224
T̄abcμuadνuefμf−feλργ5γνDλTbcdρ þ H:c: 163 iεμνλρT̄abcσfþde

μσf−edνλTabcρ þ H:c: 432

T̄abcμuadνudeλf−efνργ5γρDλTbcfμ þ H:c: 164 iεμνλρT̄abcσfþa
d
μνhb

e
λσTcdeρ þ H:c: 225 433

T̄abcμuadνudeλf−efλργ5γνDρTbcfμ þ H:c: 165 iεμνλρT̄abcσfþa
d
μνhd

e
λσTbceρ þ H:c: 226 434

T̄abcμuadνuefμf−feλργ5γλDνTbcdρ þ H:c: 166 iεμνλρT̄abc
μfþa

d
ν
σhdeλσTbceρ þ H:c: 227 435

T̄abcμuadνudeλf−efλργ5γρDνTbcfμ þ H:c: 167 iεμνλρT̄abcσfs;þμνhadλσTbcdρ þ H:c: 228
T̄abcμuadνuefλf−deμργ5γνDλTbcfρ þ H:c: 168 iεμνλρT̄abcσfþde

μνhedλσTabcρ þ H:c: 436

T̄abcμuadνuefλf−deνργ5γλDρTbcfμ þ H:c: 169 iεμνλρT̄abc
μ∇σfþa

d
νσub

e
λTcdeρ 229 437

T̄abcμuadνuefλf−deνργ5γρDλTbcfμ þ H:c: 170 iεμνλρT̄abc
μ∇σfþa

d
νσud

e
λTbceρ þ H:c: 230 438

T̄abcμuadνuefλf−feμργ5γνDλTbcdρ 171 iεμνλρT̄abc
μ∇σfs;þνσuadλTbcdρ 231

T̄abcμuadνuefλf−feμργ5γλDνTbcdρ 172 iεμνλρT̄abc
μ∇σfþde

νσuedλTabcρ 439
T̄abcμudeμuedνf−afλργ5γνDλTbcfρ þ H:c: 173 T̄abcμfþa

d
μ
νfþb

e
ν
λTcdeλ 232 440
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TABLE V. (Continued)

O
ðNf;4Þ
n SUð2Þ SUð3Þ O

ðNf;4Þ
n SUð2Þ SUð3Þ

T̄abcμudeμuedνf−afλργ5γλDνTbcfρ þ H:c: 174 T̄abcμfþa
dνλfþb

e
νλTcdeμ 233 441

T̄abcμudeμufdνf−efλργ5γνDλTabcρ þ H:c: 175 T̄abcμfþa
d
μ
νfþd

e
ν
λTbceλ 234 442

T̄abcμudeμufdνf−efλργ5γλDνTabcρ þ H:c: 176 T̄abcμfþa
dνλfþd

e
μνTbceλ 443

T̄abcμudeνuedλf−afμργ5γνDλTbcfρ 177 T̄abcμfþa
dνλfþd

e
νλTbceμ 444

T̄abcμudeνuefλf−fdνργ5γλDρTabcμ þ H:c: 178 T̄abcμfþa
d
μ
νfþb

eλρDνλTcdeρ 235 445

T̄abcμudeνuefλf−fdνργ5γρDλTabcμ þ H:c: 179 T̄abcμfþa
dνλfþb

e
ν
ρDλρTcdeμ 236 446

T̄abcμuadνubeλf−dfρσγ5γρDνλσTcefμ þ H:c: 59 180 T̄abcμfþa
d
μ
νfþd

eλρDνλTbceρ 237 447

T̄abcμuadνudeλf−efρσγ5γρDνλσTbcfμ þ H:c: 181 T̄abcμfþa
dνλfþd

e
μ
ρDνρTbceλ 448

T̄abcμuadμubeνhcfλργ5γνDλTdefρ þ H:c: 60 182 T̄abcμfþa
dνλfþd

e
ν
ρDλρTbceμ 449

T̄abcμuadμubeνhdfλργ5γνDλTcefρ þ H:c: 61 183 iT̄abcμfþa
d
μ
νfþb

eλρσνλTcdeρ 238 450

T̄abcμuadμubeνhdfλργ5γλDνTcefρ þ H:c: 62 184 iT̄abcμfþa
d
μ
νfþd

eλρσνλTbceρ 239 451

T̄abcμuadμubeνhdfλργ5γλDρTcefν þ H:c: 63 185 T̄abcμfþa
d
μ
νfs;þν

λTbcdλ þ H:c: 240

T̄abcμuadμubeνhefλργ5γνDλTcdfρ þ H:c: 64 186 T̄abcμfþa
dνλfs;þνλTbcdμ 241

T̄abcμuadμubeνhefλργ5γλDνTcdfρ þ H:c: 65 187 T̄abcμfþa
d
μ
νfs;þλρDνλTbcdρ þ H:c: 242

T̄abcμuadμubeνhefλργ5γλDρTcdfν þ H:c: 66 188 T̄abcμfþa
dνλfs;þν

ρDλρTbcdμ 243
T̄abcμuadμudeνhbfλργ5γλDνTcefρ þ H:c: 67 189 iT̄abcμfþa

d
μ
νfs;þλρσνλTbcdρ þ H:c: 244

T̄abcμuadμudeνhefλργ5γνDλTbcfρ þ H:c: 190 T̄abcμfs;þμ
νfs;þν

λTabcλ 245
T̄abcμuadμudeνhefλργ5γλDνTbcfρ þ H:c: 191 T̄abcμfs;þνλfs;þνλTabcμ 246
T̄abcμuadμudeνhefλργ5γλDρTbcfν þ H:c: 192 T̄abcμfs;þμ

νfs;þλρDνλTabcρ 247
T̄abcμuadνubeλhdfμργ5γνDρTcefλ þ H:c: 68 193 T̄abcμfs;þνλfs;þν

ρDλρTabcμ 248
T̄abcμuadνubeνhdfλργ5γλDρTcefμ þ H:c: 69 194 iT̄abcμfs;þμ

νfs;þλρσνλTabcρ 249
T̄abcμuadνubeλhdfμργ5γλDρTcefν þ H:c: 70 195 iT̄abcμfþde

μ
νfþed

λρσνλTabcρ 452

T̄abcμuadνubeλhdfνργ5γλDρTcefμ þ H:c: 71 196 T̄abcμuadμubeνχþc
fTdefν 250 453

T̄abcμuadμuefνhdeλργ5γνDλTbcfρ þ H:c: 197 T̄abcμuadνubeνχþc
fTdefμ 251 454

T̄abcμuadνubeλhdfνργ5γρDλTcefμ þ H:c: 72 198 T̄abcμuadμubeνχþd
fTcefν þ H:c: 252 455

T̄abcμuadνubeλhdfλργ5γνDρTcefμ þ H:c: 73 199 T̄abcμuadμubeνχþe
fTcdfν þ H:c: 253 456

T̄abcμuadμuefνhdeλργ5γλDνTbcfρ þ H:c: 200 T̄abcμuadνubeνχþd
fTcefμ þ H:c: 254 457

T̄abcμuadνubeλhdfλργ5γρDνTcefμ þ H:c: 74 201 T̄abcμuadμudeνχþb
fTcefν 255 458

T̄abcμuadμuefνhfeλργ5γνDλTbcdρ þ H:c: 202 T̄abcμuadνudeμχþb
fTcefν 256 459

T̄abcμuadμuefνhfeλργ5γλDρTbcdν þ H:c: 203 T̄abcμuadνudeνχþb
fTcefμ 257 460

T̄abcμuadνudeμhefλργ5γλDνTbcfρ þ H:c: 204 T̄abcμuadμudeνχþe
fTbcfν þ H:c: 461

T̄abcμuadνudeμhefλργ5γλDρTbcfν þ H:c: 205 T̄abcμuadνudeμχþe
fTbcfν þ H:c: 462

T̄abcμuadνudeλhbfνργ5γρDλTcefμ þ H:c: 75 206 T̄abcμuadνudeνχþe
fTbcfμ þ H:c: 463

T̄abcμuadνuefμhdeλργ5γνDλTbcfρ þ H:c: 207 T̄abcμuadμuefνχþdeTbcfν 464
T̄abcμuadνudeνhefλργ5γλDρTbcfμ þ H:c: 208 T̄abcμuadνuefμχþdeTbcfν 465
T̄abcμuadνudeλhefμργ5γλDρTbcfν þ H:c: 209 T̄abcμuadνuefνχþdeTbcfμ 466
T̄abcμuadνudeλhefνργ5γλDρTbcfμ þ H:c: 210 T̄abcμuadμuefνχþfeTbcdν þ H:c: 467
T̄abcμuadνuefμhfeλργ5γνDλTbcdρ þ H:c: 211 T̄abcμuadνuefνχþfeTbcdμ 468
T̄abcμuadνudeλhefνργ5γρDλTbcfμ þ H:c: 212 T̄abcμudeμuedνχþa

fTbcfν 469
T̄abcμuadνudeλhefλργ5γνDρTbcfμ þ H:c: 213 T̄abcμudeνuedνχþa

fTbcfμ 470
T̄abcμuadνudeλhefλργ5γρDνTbcfμ þ H:c: 214 T̄abcμudeμuefνχþfdTabcν 471
T̄abcμuadνuefλhdeνργ5γρDλTbcfμ þ H:c: 215 T̄abcμuadνubeλχþc

fDνλTdefμ 258 472
T̄abcμudeμufdνhefλργ5γνDλTabcρ þ H:c: 216 T̄abcμuadνubeλχþd

fDνλTcefμ þ H:c: 259 473
T̄abcμudeμufdνhefλργ5γλDνTabcρ þ H:c: 217 T̄abcμuadνudeλχþb

fDνλTcefμ 260 474
T̄abcμudeνuefλhfdνργ5γλDρTabcμ þ H:c: 218 T̄abcμuadνudeλχþe

fDνλTbcfμ þ H:c: 475
T̄abcμudeνuefλhfdνργ5γρDλTabcμ þ H:c: 219 T̄abcμuadνuefλχþdeDνλTbcfμ 476
T̄abcμuadνubeλhdfρσγ5γνDλρσTcefμ þ H:c: 76 220 T̄abcμuadνuefλχþfeDνλTbcdμ 477
T̄abcμuadνubeλhdfρσγ5γλDνρσTcefμ þ H:c: 77 221 T̄abcμudeνuedλχþa

fDνλTbcfμ 478
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TABLE V. (Continued)

O
ðNf;4Þ
n SUð2Þ SUð3Þ O

ðNf;4Þ
n SUð2Þ SUð3Þ

T̄abcμuadνubeλhdfρσγ5γρDνλσTcefμ þ H:c: 78 222 T̄abcμuadμubeνχþ;sTcdeν 261 479
T̄abcμuadνudeλhefρσγ5γνDλρσTbcfμ þ H:c: 223 T̄abcμuadνubeνχþ;sTcdeμ 262 480
T̄abcμuadνudeλhefρσγ5γλDνρσTbcfμ þ H:c: 224 T̄abcμuadμudeνχþ;sTbceν 263 481
T̄abcμuadνudeλhefρσγ5γρDνλσTbcfμ þ H:c: 225 T̄abcμuadνudeμχþ;sTbceν 264 482
T̄abcμudeνuefλhfdρσγ5γνDλρσTabcμ þ H:c: 226 T̄abcμuadνudeνχþ;sTbceμ 265 483
εμνλρT̄abc

μuadνubeλf−dfρσTcefσ þ H:c: 79 227 T̄abcμudeμuedνχþ;sTabcν 484
εμνλρT̄abc

μuadνudeλf−bfρσTcefσ þ H:c: 80 228 T̄abcμudeνuedνχþ;sTabcμ 485
εμνλρT̄abc

μuadνudeλf−efρσTbcfσ þ H:c: 229 T̄abcμuadνubeλχþ;sDνλTcdeμ 266 486
εμνλρT̄abc

μuadνuefλf−beρσTcdfσ þ H:c: 81 230 T̄abcμuadνudeλχþ;sDνλTbceμ 267 487
εμνλρT̄abc

μuadνubeσf−cfλρTdefσ þ H:c: 82 231 T̄abcμudeνuedλχþ;sDνλTabcμ 488
εμνλρT̄abc

μuadνuefλf−deρσTbcfσ þ H:c: 232 T̄abcμf−adνλχþd
eγ5γνDλTbceμ þ H:c: 268 489

εμνλρT̄abc
μuadνubeσf−dfλρTcefσ þ H:c: 83 233 T̄abcμhadνλχþd

eγ5γνDλTbceμ þ H:c: 269 490
εμνλρT̄abc

μuadνubeσf−efλρTcdfσ þ H:c: 84 234 T̄abcμuadν∇λχþd
eγ5γλDνTbceμ þ H:c: 270 491

εμνλρT̄abc
μuadνuefλf−feρσTbcdσ þ H:c: 235 εμνλρT̄abc

μf−adνλχþd
eTbceρ þ H:c: 271 492

εμνλρT̄abc
μuadνubeσf−dfλσTcefρ þ H:c: 85 236 εμνλρT̄abc

μuadν∇λχþd
eTbceρ þ H:c: 272 493

εμνλρT̄abc
μuadνudeσf−bfλρTcefσ þ H:c: 86 237 T̄abcμ∇ν∇νχþa

dTbcdμ 273 494
εμνλρT̄abc

μuadνudeσf−efλρTbcfσ þ H:c: 238 T̄abcμ∇ν∇νχþ;sTabcμ 274 495
εμνλρT̄abc

μuadνudeσf−efλσTbcfρ þ H:c: 239 iT̄abcμfþa
d
μ
νχþb

eTcdeν 275 496

εμνλρT̄abc
μuadνuefσf−beλρTcdfσ þ H:c: 87 240 iT̄abcμfþa

d
μ
νχþd

eTbceν þ H:c: 276 497

εμνλρT̄abc
μuadνuefσf−deλρTbcfσ þ H:c: 241 iT̄abcμfs;þμ

νχþa
dTbcdν 277

εμνλρT̄abc
μuadνuefσf−feλρTbcdσ þ H:c: 242 iT̄abcμfþde

μ
νχþedTabcν 498

εμνλρT̄abc
μudeνuefλf−adρσTbcfσ þ H:c: 243 iT̄abcμfþa

d
μ
νχþ;sTbcdν 278 499

εμνλρT̄abc
μudeνuefλf−fdρσTabcσ þ H:c: 244 iT̄abcμfs;þμ

νχþ;sTabcν 279
εμνλρT̄abc

μuadσudeνf−efλρTbcfσ þ H:c: 245 T̄abcμχþa
dχþb

eTcdeμ 280 500
εμνλρT̄abc

μudeνuedσf−afλρTbcfσ þ H:c: 246 T̄abcμχþa
dχþd

eTbceμ 281 501
εμνλρT̄abc

μudeνuefσf−adλρTbcfσ þ H:c: 247 T̄abcμχþdeχþedTabcμ 502
εμνλρT̄abc

μuadσuefνf−feλρTbcdσ þ H:c: 248 T̄abcμχþa
dχþ;sTbcdμ 282 503

εμνλρT̄abc
μuadνubeλhdfρσTcefσ þ H:c: 88 249 T̄abcμχþ;sχþ;sTabcμ 283 504

εμνλρT̄abc
μuadνudeλhbfρσTcefσ þ H:c: 89 250 iT̄abcμuadνubeλχ−dfγ5γνDλTcefμ þ H:c: 284 505

εμνλρT̄abc
μuadνudeλhefρσTbcfσ þ H:c: 251 iT̄abcμuadνubeλχ−dfγ5γλDνTcefμ þ H:c: 285 506

εμνλρT̄abc
μuadνuefλhdeρσTbcfσ þ H:c: 252 iT̄abcμuadνudeλχ−bfγ5γνDλTcefμ þ H:c: 286 507

εμνλρT̄abc
μuadνuefλhfeρσTbcdσ þ H:c: 253 iT̄abcμuadνudeλχ−efγ5γνDλTbcfμ þ H:c: 508

εμνλρT̄abc
μuadνubeσhdfλσTcefρ þ H:c: 90 254 iT̄abcμuadνudeλχ−efγ5γλDνTbcfμ þ H:c: 509

εμνλρT̄abc
μuadνudeσhefλσTbcfρ þ H:c: 255 iT̄abcμuadνuefλχ−deγ5γνDλTbcfμ þ H:c: 510

T̄abcμf−adμνf−beνλTcdeλ 91 256 iT̄abcμudeνuefλχ−fdγ5γνDλTabcμ þ H:c: 511
T̄abcμf−adνλf−beνλTcdeμ 92 257 iT̄abcμuadνudeλχ−;sγ5γνDλTbceμ þ H:c: 287 512
T̄abcμf−adμνf−deνλTbceλ 93 258 iεμνλρT̄abc

μuadνubeλχ−dfTcefρ þ H:c: 288 513
T̄abcμf−adνλf−deμνTbceλ 94 259 iεμνλρT̄abc

μuadνudeλχ−bfTcefρ 289 514
T̄abcμf−adνλf−deνλTbceμ 95 260 iεμνλρT̄abc

μuadνudeλχ−efTbcfρ þ H:c: 515
T̄abcμf−de

μ
νf−edνλTabcλ 261 iεμνλρT̄abc

μuadνuefλχ−deTbcfρ 516
T̄abcμf−deνλf−edνλTabcμ 262 iεμνλρT̄abc

μudeνuefλχ−fdTabcρ 517
T̄abcμf−adμνf−beλρDνλTcdeρ 96 263 iεμνλρT̄abc

μuadνudeλχ−;sTbceρ 290 518
T̄abcμf−adνλf−beνρDλρTcdeμ 97 264 iT̄abcμf−adμνχ−deTbceν þ H:c: 291 519
T̄abcμf−adμνf−deλρDνλTbceρ 98 265 iT̄abcμhadμνχ−beTcdeν 292 520
T̄abcμf−adνλf−deμρDνρTbceλ 99 266 iT̄abcμhadμνχ−deTbceν þ H:c: 293 521
T̄abcμf−adνλf−deνρDλρTbceμ 100 267 iT̄abcμhdeμνχ−edTabcν 522
T̄abcμf−de

μ
νf−edλρDνλTabcρ 268 iT̄abcμhadνλχ−beDνλTcdeμ 294 523

T̄abcμf−deνλf−edνρDλρTabcμ 269 iT̄abcμhadνλχ−deDνλTbceμ þ H:c: 295 524
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iT̄abcμf−adμνf−beλρσνλTcdeρ 101 270 iT̄abcμhdeνλχ−edDνλTabcμ 525
iT̄abcμf−adμνf−deλρσνλTbceρ 102 271 iT̄abcμhadμνχ−;sTbcdν 296 526
iT̄abcμf−de

μ
νf−edλρσνλTabcρ 272 iT̄abcμhadνλχ−;sDνλTbcdμ 297 527

T̄abcμhadμνf−beνλTcdeλ þ H:c: 103 273 iT̄abcμuadν∇νχ−b
eTcdeμ 298 528

T̄abcμhadμνf−deνλTbceλ þ H:c: 104 274 iT̄abcμuadν∇νχ−d
eTbceμ þ H:c: 299 529

T̄abcμhadνλf−deμνTbceλ þ H:c: 105 275 iT̄abcμudeν∇νχ−edTabcμ 530
T̄abcμhdeμνf−edνλTabcλ þ H:c: 276 iT̄abcμuadν∇νχ−;sTbcdμ 300 531
T̄abcμhadμνf−beλρDνλTcdeρ þ H:c: 106 277 T̄abcμfþa

dνλχ−b
eγ5γνDλTcdeμ 301 532

T̄abcμhadνλf−beνρDλρTcdeμ 107 278 T̄abcμfþa
dνλχ−d

eγ5γνDλTbceμ þ H:c: 302 533
T̄abcμhadμνf−deλρDνλTbceρ þ H:c: 108 279 T̄abcμfs;þνλχ−a

dγ5γνDλTbcdμ 303
T̄abcμhadνλf−deμρDνλTbceρ þ H:c: 109 280 T̄abcμfþdeνλχ−edγ5γνDλTabcμ 534
T̄abcμhadνλf−deνρDλρTbceμ þ H:c: 110 281 T̄abcμfþa

dνλχ−;sγ5γνDλTbcdμ 304 535
T̄abcμhdeμνf−edλρDνλTabcρ þ H:c: 282 T̄abcμfs;þνλχ−;sγ5γνDλTabcμ 305
T̄abcμhdeνλf−edνρDλρTabcμ 283 εμνλρT̄abc

μfþa
d
νλχ−b

eTcdeρ 306 536
iT̄abcμhadμνf−deλρσνλTbceρ þ H:c: 111 284 εμνλρT̄abc

μfþa
d
νλχ−d

eTbceρ þ H:c: 307 537
T̄abcμhadμνhbeνλTcdeλ 112 285 εμνλρT̄abc

μfs;þνλχ−a
dTbcdρ 308

T̄abcμhadνλhbeνλTcdeμ 113 286 εμνλρT̄abc
μfþde

νλχ−edTabcρ 538
T̄abcμhadμνhdeνλTbceλ 114 287 εμνλρT̄abc

μfþa
d
νλχ−;sTbcdρ 309 539

T̄abcμhadνλhdeνλTbceμ 115 288 εμνλρT̄abc
μfs;þνλχ−;sTabcρ 310

T̄abcμhdeμνhedνλTabcλ 289 T̄abcμχ−a
dχ−b

eTcdeμ 311 540
T̄abcμhdeνλhedνλTabcμ 290 T̄abcμχ−a

dχ−d
eTbceμ 541

T̄abcμhadμνhbeλρDνλTcdeρ 116 291 T̄abcμχ−
deχ−edTabcμ 542

T̄abcμhadνλhbeνρDλρTcdeμ 117 292 T̄abcμχ−a
dχ−;sTbcdμ 312 543

T̄abcμhadμνhdeλρDνλTbceρ 118 293 T̄abcμhFLμ
νFLν

λiTabcλ þ H:c: 313 544
T̄abcμhadνλhdeνρDλρTbceμ 119 294 T̄abcμhFL

νλFLνλiTabcμ þ H:c: 314 545
T̄abcμhdeμνhedλρDνλTabcρ 295 T̄abcμhFLμ

νFL
λρiDνλTabcρ þ H:c: 315 546

T̄abcμhdeνλhedνρDλρTabcμ 296 T̄abcμhFL
νλFLν

ρiDλρTabcμ þ H:c: 316 547
T̄abcμhadνλhbeρσDνλρσTcdeμ 120 297 T̄abcμhχχ†iTabcμ 317 548
T̄abcμhadνλhdeρσDνλρσTbceμ 121 298 T̄abcμ det χTabcμ þ H:c: 318

TABLE VI. Terms in theOðp3Þmeson-octet-decuplet and πNΔ chiral Lagrangians, where P
ðNf;3Þ
n is defined in Eqs. (64) and (66). For

the SUð2Þ case, the form needs to be changed; see the sentences around Eq. (67).

P
ðNf;3Þ
n SUð2Þ SUð3Þ P

ðNf;3Þ
n SUð2Þ SUð3Þ

ϵabcB̄a
dubeμucfμuegνTA;n;dfgν 1 1 ϵabcB̄a

dubeμf−efνλγ5γνDλTA;n;cdfμ 36
ϵabcB̄a

dubeμucfνudgμTA;n;efgν 2 2 ϵabcB̄a
duefμf−beνλγ5γμDνTA;n;cdfλ 37

ϵabcB̄a
dubeμucfνuegμTA;n;dfgν 3 ϵabcB̄a

duefμf−beνλγ5γνDμTA;n;cdfλ 38
ϵabcB̄a

dubeμucfνuegνTA;n;dfgμ 3 4 ϵabcB̄a
duefμf−beνλγ5γνDλTA;n;cdfμ 39

ϵabcB̄a
dubeμudfμuegνTA;n;cfgν 5 ϵabcB̄a

dubeμhcfνλγ5γμDνTA;n;defλ 15 40
ϵabcB̄a

dubeμudfνuegμTA;n;cfgν 6 ϵabcB̄a
dubeμhdfνλγ5γμDνTA;n;cefλ 16 41

ϵabcB̄a
dubeμudfνuegνTA;n;cfgμ 7 ϵabcB̄a

dubeμhefνλγ5γμDνTA;n;cdfλ 42
ϵabcB̄a

dubeμuefμufgνTA;n;cdgν 8 ϵabcB̄a
dubeμhefνλγ5γνDμTA;n;cdfλ 43

ϵabcB̄a
dubeμuefνufgμTA;n;cdgν 9 εμνλρϵabcB̄a

dubeμf−cfνλTA;n;defρ 17 44

ϵabcB̄a
dubeμuefνufgνTA;n;cdgμ 10 εμνλρϵabcB̄a

dubeμf−dfνλTA;n;cefρ 18 45
ϵabcB̄a

dubeμucfνudgλDμλTA;n;efgν 4 11 εμνλρϵabcB̄a
dubeμf−efνλTA;n;cdfρ 46

ϵabcB̄a
dubeμucfνuegλDμνTA;n;dfgλ 5 12 εμνλρϵabcB̄a

duefμf−beνλTA;n;cdfρ 47
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TABLE VI. (Continued)

P
ðNf;3Þ
n SUð2Þ SUð3Þ P

ðNf;3Þ
n SUð2Þ SUð3Þ

ϵabcB̄a
dubeμucfνuegλDμλTA;n;dfgν 13 ϵabcB̄a

d∇μf−beμνTA;n;cdeν 19 48
ϵabcB̄a

dubeμucfνuegλDνλTA;n;dfgμ 6 14 iϵabcB̄a
d∇μf−beνλσμνTA;n;cdeλ 20 49

ϵabcB̄a
dubeμudfνuegλDμνTA;n;cfgλ 15 iϵabcB̄a

dfþb
eμνucfμTA;n;defν 21 50

ϵabcB̄a
dubeμudfνuegλDμλTA;n;cfgν 16 iϵabcB̄a

dfþb
eμνudfμTA;n;cefν 22 51

ϵabcB̄a
dubeμudfνuegλDνλTA;n;cfgμ 17 iϵabcB̄a

dfþb
eμνuefμTA;n;cdfν 52

ϵabcB̄a
dubeμuefνufgλDμνTA;n;cdgλ 18 iϵabcB̄a

dfþefμνubeμTA;n;cdfν 53
ϵabcB̄a

dubeμuefνufgλDμλTA;n;cdgν 19 iϵabcB̄a
dfþb

eμνucfλDμλTA;n;defν 23 54
ϵabcB̄a

dubeμuefνufgλDνλTA;n;cdgμ 20 iϵabcB̄a
dfþb

eμνudfλDμλTA;n;cefν 24 55
iϵabcB̄a

dubeμucfνudgλσμνTA;n;efgλ 7 21 iϵabcB̄a
dfþb

eμνuefλDμλTA;n;cdfν 56
iϵabcB̄a

dubeμucfνuegλσμνTA;n;dfgλ 8 22 iϵabcB̄a
dfþefμνubeλDμλTA;n;cdfν 57

iϵabcB̄a
dubeμucfνuegλσμλTA;n;dfgν 23 ϵabcB̄a

dfþb
eμνucfλσμνTA;n;defλ 25 58

iϵabcB̄a
dubeμudfνuegλσμνTA;n;cfgλ 24 ϵabcB̄a

dfþb
eμνudfλσμνTA;n;cefλ 26 59

iϵabcB̄a
dubeμudfνuegλσμλTA;n;cfgν 25 iϵabcB̄a

dfs;þμνubeμTA;n;cdeν 27
iϵabcB̄a

dubeμuefνufgλσμνTA;n;cdgλ 26 iϵabcB̄a
dfs;þμνubeλDμλTA;n;cdeν 28

iϵabcB̄a
dubeμuefνufgλσμλTA;n;cdgν 27 ϵabcB̄a

dfs;þμνubeλσμνTA;n;cdeλ 29
ϵabcB̄a

dubeμf−cfνλγ5γμDνTA;n;defλ 9 28 ϵabcB̄a
dfþb

eμνuefλσμνTA;n;cdfλ 60
ϵabcB̄a

dubeμf−cfνλγ5γνDμTA;n;defλ 10 29 ϵabcB̄a
dfþefμνubeλσμνTA;n;cdfλ 61

ϵabcB̄a
dubeμf−cfνλγ5γνDλTA;n;defμ 11 30 ϵabcB̄a

dubeμχþc
fTA;n;defμ 30 62

ϵabcB̄a
dubeμf−dfνλγ5γμDνTA;n;cefλ 12 31 ϵabcB̄a

dubeμχþd
fTA;n;cefμ 31 63

ϵabcB̄a
dubeμf−dfνλγ5γνDμTA;n;cefλ 13 32 ϵabcB̄a

dubeμχþe
fTA;n;cdfμ 64

ϵabcB̄a
dubeμf−dfνλγ5γνDλTA;n;cefμ 14 33 ϵabcB̄a

duefμχþbeTA;n;cdfμ 65
ϵabcB̄a

dubeμf−efνλγ5γμDνTA;n;cdfλ 34 ϵabcB̄a
dubeμχþ;sTA;n;cdeμ 32 66

ϵabcB̄a
dubeμf−efνλγ5γνDμTA;n;cdfλ 35 iϵabcB̄a

d∇μχ−b
eTA;n;cdeμ 33 67

TABLE VII. Terms in the Oðp4Þ meson-octet-decuplet and πNΔ chiral Lagrangians, where P
ðNf;4Þ
n is defined in Eqs. (64) and (66).

For the SUð2Þ case, the form needs to be changed; see the sentences around Eq. (67).

P
ðNf;4Þ
n SUð2Þ SUð3Þ P

ðNf;4Þ
n SUð2Þ SUð3Þ

ϵabcB̄a
dubeμucfμudgνuehλγ5γνTA;n;fghλ 1 1 ϵabcB̄a

dubeμ∇νf−cfμλγ5γνTA;n;defλ 78 322
ϵabcB̄a

dubeμucfμudgνuehλγ5γλTA;n;fghν 2 2 ϵabcB̄a
dubeμ∇νf−cfνλγ5γμTA;n;defλ 79 323

ϵabcB̄a
dubeμucfμuegνufhλγ5γνTA;n;dghλ 3 ϵabcB̄a

dubeμ∇νf−cfνλγ5γλTA;n;defμ 80 324
ϵabcB̄a

dubeμucfμuegνughλγ5γνTA;n;dfhλ 4 ϵabcB̄a
dubeμ∇μf−dfνλγ5γνTA;n;cefλ 81 325

ϵabcB̄a
dubeμucfμuegνughλγ5γλTA;n;dfhν 5 ϵabcB̄a

dubeμ∇νf−dfμλγ5γνTA;n;cefλ 82 326
ϵabcB̄a

dubeμucfνudgμuehλγ5γνTA;n;fghλ 3 6 ϵabcB̄a
dubeμ∇νf−dfνλγ5γμTA;n;cefλ 83 327

ϵabcB̄a
dubeμucfνudgμuehλγ5γλTA;n;fghν 7 ϵabcB̄a

dubeμ∇νf−dfνλγ5γλTA;n;cefμ 84 328
ϵabcB̄a

dubeμucfνudgμufhλγ5γνTA;n;eghλ 4 8 ϵabcB̄a
dubeμ∇μf−efνλγ5γνTA;n;cdfλ 329

ϵabcB̄a
dubeμucfνudgμufhλγ5γλTA;n;eghν 5 9 ϵabcB̄a

dubeμ∇νf−efμλγ5γνTA;n;cdfλ 330
ϵabcB̄a

dubeμucfνudgλuehμγ5γνTA;n;fghλ 10 ϵabcB̄a
dubeμ∇νf−efνλγ5γμTA;n;cdfλ 331

ϵabcB̄a
dubeμucfνudgλuehμγ5γλTA;n;fghν 11 ϵabcB̄a

dubeμ∇νf−efνλγ5γλTA;n;cdfμ 332
ϵabcB̄a

dubeμucfνudgλuehνγ5γμTA;n;fghλ 6 12 ϵabcB̄a
duefμ∇μf−beνλγ5γνTA;n;cdfλ 333

ϵabcB̄a
dubeμucfνudgλuehνγ5γλTA;n;fghμ 7 13 ϵabcB̄a

duefμ∇νf−beμλγ5γνTA;n;cdfλ 334
ϵabcB̄a

dubeμucfνudgλuehλγ5γμTA;n;fghν 14 ϵabcB̄a
duefμ∇νf−beνλγ5γμTA;n;cdfλ 335

ϵabcB̄a
dubeμucfνudgλuehλγ5γνTA;n;fghμ 15 ϵabcB̄a

duefμ∇νf−beνλγ5γλTA;n;cdfμ 336
ϵabcB̄a

dubeμucfνuegμufhλγ5γνTA;n;dghλ 16 ϵabcB̄a
dubeμ∇μhcfνλγ5γνTA;n;defλ 85 337

ϵabcB̄a
dubeμucfνuegμufhλγ5γλTA;n;dghν 17 ϵabcB̄a

dubeμ∇μhdfνλγ5γνTA;n;cefλ 86 338
ϵabcB̄a

dubeμucfνuegμughλγ5γνTA;n;dfhλ 18 ϵabcB̄a
dubeμ∇μhefνλγ5γνTA;n;cdfλ 339

ϵabcB̄a
dubeμucfνuegμughλγ5γλTA;n;dfhν 19 ϵabcB̄a

duefμ∇μhbeνλγ5γνTA;n;cdfλ 340

(Table continued)
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TABLE VII. (Continued)

P
ðNf;4Þ
n SUð2Þ SUð3Þ P

ðNf;4Þ
n SUð2Þ SUð3Þ

ϵabcB̄a
dubeμucfνuegνufhλγ5γμTA;n;dghλ 20 εμνλρϵabcB̄a

df−beμνf−cfλσDρTA;n;defσ 87 341
ϵabcB̄a

dubeμucfνuegνufhλγ5γλTA;n;dghμ 21 εμνλρϵabcB̄a
df−beμνf−efλσDρTA;n;cdfσ 342

ϵabcB̄a
dubeμucfνuegνughλγ5γμTA;n;dfhλ 22 εμνλρϵabcB̄a

dhbeμσf−cfνλDρTA;n;defσ 88 343
ϵabcB̄a

dubeμucfνuegνughλγ5γλTA;n;dfhμ 23 εμνλρϵabcB̄a
dhbeμσf−dfνλDρTA;n;cefσ 89 344

ϵabcB̄a
dubeμucfνuegλufhλγ5γμTA;n;dghν 24 εμνλρϵabcB̄a

dhbeμσf−efνλDρTA;n;cdfσ 345
ϵabcB̄a

dubeμucfνuegλughμγ5γνTA;n;dfhλ 25 εμνλρϵabcB̄a
dhefμσf−beνλDρTA;n;cdfσ 346

ϵabcB̄a
dubeμucfνuegλughμγ5γλTA;n;dfhν 26 iϵabcB̄a

dfþb
eμνucfμudgλγ5γνTA;n;efgλ 90 347

ϵabcB̄a
dubeμucfνuegλughνγ5γμTA;n;dfhλ 27 iϵabcB̄a

dfþb
eμνucfμudgλγ5γλTA;n;efgν 91 348

ϵabcB̄a
dubeμucfνuegλughνγ5γλTA;n;dfhμ 28 iϵabcB̄a

dfþb
eμνucfμuegλγ5γνTA;n;dfgλ 92 349

ϵabcB̄a
dubeμucfνuegλughλγ5γμTA;n;dfhν 29 iϵabcB̄a

dfþb
eμνucfμuegλγ5γλTA;n;dfgν 93 350

ϵabcB̄a
dubeμucfνuegλughλγ5γνTA;n;dfhμ 30 iϵabcB̄a

dfþb
eμνucfμufgλγ5γνTA;n;degλ 94 351

ϵabcB̄a
dubeμudfμuegνufhλγ5γνTA;n;cghλ 31 iϵabcB̄a

dfþb
eμνucfμufgλγ5γλTA;n;degν 95 352

ϵabcB̄a
dubeμudfμuegνughλγ5γνTA;n;cfhλ 32 iϵabcB̄a

dfþb
eμνucfλudgμγ5γνTA;n;efgλ 96 353

ϵabcB̄a
dubeμudfμuegνughλγ5γλTA;n;cfhν 33 iϵabcB̄a

dfþb
eμνucfλudgμγ5γλTA;n;efgν 97 354

ϵabcB̄a
dubeμudfμughνuhgλγ5γνTA;n;cefλ 34 iϵabcB̄a

dfþb
eμνucfλudgλγ5γμTA;n;efgν 98 355

ϵabcB̄a
dubeμudfνuegμufhλγ5γνTA;n;cghλ 35 iϵabcB̄a

dfþb
eμνucfλuegμγ5γνTA;n;dfgλ 356

ϵabcB̄a
dubeμudfνuegμufhλγ5γλTA;n;cghν 36 iϵabcB̄a

dfþb
eμνucfλuegμγ5γλTA;n;dfgν 357

ϵabcB̄a
dubeμudfνuegμughλγ5γνTA;n;cfhλ 37 iϵabcB̄a

dfþb
eμνucfλuegλγ5γμTA;n;dfgν 99 358

ϵabcB̄a
dubeμudfνuegνufhλγ5γμTA;n;cghλ 38 iϵabcB̄a

dfþb
eμνucfλufgμγ5γνTA;n;degλ 100 359

ϵabcB̄a
dubeμudfνuegνufhλγ5γλTA;n;cghμ 39 iϵabcB̄a

dfþb
eμνucfλufgμγ5γλTA;n;degν 101 360

ϵabcB̄a
dubeμudfνuegνughλγ5γμTA;n;cfhλ 40 iϵabcB̄a

dfþb
eμνucfλufgλγ5γμTA;n;degν 102 361

ϵabcB̄a
dubeμudfνuegνughλγ5γλTA;n;cfhμ 41 iϵabcB̄a

dfþb
eμνudfμuegλγ5γνTA;n;cfgλ 362

ϵabcB̄a
dubeμudfνuegλufhλγ5γμTA;n;cghν 42 iϵabcB̄a

dfþb
eμνudfμuegλγ5γλTA;n;cfgν 363

ϵabcB̄a
dubeμudfνuegλughνγ5γμTA;n;cfhλ 43 iϵabcB̄a

dfþb
eμνudfμufgλγ5γνTA;n;cegλ 364

ϵabcB̄a
dubeμuefμufgνughλγ5γνTA;n;cdhλ 44 iϵabcB̄a

dfþb
eμνudfμufgλγ5γλTA;n;cegν 365

ϵabcB̄a
dubeμuefμufgνughλγ5γλTA;n;cdhν 45 iϵabcB̄a

dfþb
eμνudfλuegμγ5γνTA;n;cfgλ 366

ϵabcB̄a
dubeμuefμughνuhgλγ5γνTA;n;cdfλ 46 iϵabcB̄a

dfþb
eμνudfλuegμγ5γλTA;n;cfgν 367

ϵabcB̄a
dubeμuefνufgμug

hλγ5γνTA;n;cdhλ 47 iϵabcB̄a
dfþb

eμνudfλuegλγ5γμTA;n;cfgν 368

ϵabcB̄a
dubeμuefνufgμug

hλγ5γλTA;n;cdhν 48 iϵabcB̄a
dfþb

eμνudfλufgμγ5γνTA;n;cegλ 369

ϵabcB̄a
dubeμuefνufgλughμγ5γνTA;n;cdhλ 49 iϵabcB̄a

dfþb
eμνudfλufgμγ5γλTA;n;cegν 370

ϵabcB̄a
dubeμuefνufgλughνγ5γμTA;n;cdhλ 50 iϵabcB̄a

dfþb
eμνudfλufgλγ5γμTA;n;cegν 371

ϵabcB̄a
dubeμuefνufgλughνγ5γλTA;n;cdhμ 51 iϵabcB̄a

dfþb
eμνuefμufgλγ5γνTA;n;cdgλ 372

ϵabcB̄a
dubeμucfνudgλuehργ5γμDνλTA;n;fghρ 8 52 iϵabcB̄a

dfþb
eμνuefμufgλγ5γλTA;n;cdgν 373

ϵabcB̄a
dubeμucfνudgλuehργ5γμDνρTA;n;fghλ 9 53 iϵabcB̄a

dfþb
eμνuefλufgμγ5γνTA;n;cdgλ 374

ϵabcB̄a
dubeμucfνudgλuehργ5γμDλρTA;n;fghν 54 iϵabcB̄a

dfþb
eμνuefλufgμγ5γλTA;n;cdgν 375

ϵabcB̄a
dubeμucfνudgλuehργ5γνDμλTA;n;fghρ 10 55 iϵabcB̄a

dfþb
eμνuefλufgλγ5γμTA;n;cdgν 376

ϵabcB̄a
dubeμucfνudgλuehργ5γνDμρTA;n;fghλ 11 56 iϵabcB̄a

dfþb
eμνufgμugfλγ5γνTA;n;cdeλ 377

ϵabcB̄a
dubeμucfνudgλuehργ5γνDλρTA;n;fghμ 12 57 iϵabcB̄a

dfþb
eμνufgμugfλγ5γλTA;n;cdeν 378

ϵabcB̄a
dubeμucfνudgλuehργ5γλDμνTA;n;fghρ 13 58 iϵabcB̄a

dfþb
eμνufgλugfλγ5γμTA;n;cdeν 379

ϵabcB̄a
dubeμucfνudgλuehργ5γλDμρTA;n;fghν 59 iϵabcB̄a

dfþefμνubeμucgλγ5γνTA;n;dfgλ 380
ϵabcB̄a

dubeμucfνudgλuehργ5γλDνρTA;n;fghμ 14 60 iϵabcB̄a
dfþefμνubeμucgλγ5γλTA;n;dfgν 381

ϵabcB̄a
dubeμucfνudgλuehργ5γρDμνTA;n;fghλ 61 iϵabcB̄a

dfþefμνubeμudgλγ5γνTA;n;cfgλ 382
ϵabcB̄a

dubeμucfνudgλuehργ5γρDμλTA;n;fghν 62 iϵabcB̄a
dfþefμνubeμudgλγ5γλTA;n;cfgν 383

ϵabcB̄a
dubeμucfνudgλuehργ5γρDνλTA;n;fghμ 63 iϵabcB̄a

dfþefμνubeμufgλγ5γνTA;n;cdgλ 384
ϵabcB̄a

dubeμucfνuegλufhργ5γμDνλTA;n;dghρ 64 iϵabcB̄a
dfþefμνubeμufgλγ5γλTA;n;cdgν 385

ϵabcB̄a
dubeμucfνuegλufhργ5γμDνρTA;n;dghλ 65 iϵabcB̄a

dfþefμνubeλucgμγ5γνTA;n;dfgλ 386
ϵabcB̄a

dubeμucfνuegλufhργ5γμDλρTA;n;dghν 66 iϵabcB̄a
dfþefμνubeλucgμγ5γλTA;n;dfgν 387
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TABLE VII. (Continued)

P
ðNf;4Þ
n SUð2Þ SUð3Þ P

ðNf;4Þ
n SUð2Þ SUð3Þ

ϵabcB̄a
dubeμucfνuegλufhργ5γλDμνTA;n;dghρ 67 iϵabcB̄a

dfþefμνubeλucgλγ5γμTA;n;dfgν 388
ϵabcB̄a

dubeμucfνuegλufhργ5γλDμρTA;n;dghν 68 iϵabcB̄a
dfþefμνubeλudgμγ5γνTA;n;cfgλ 389

ϵabcB̄a
dubeμucfνuegλufhργ5γλDνρTA;n;dghμ 69 iϵabcB̄a

dfþefμνubeλudgμγ5γλTA;n;cfgν 390
ϵabcB̄a

dubeμucfνuegλughργ5γμDνλTA;n;dfhρ 70 iϵabcB̄a
dfþefμνubeλudgλγ5γμTA;n;cfgν 391

ϵabcB̄a
dubeμucfνuegλughργ5γμDνρTA;n;dfhλ 71 iϵabcB̄a

dfþefμνubeλufgμγ5γνTA;n;cdgλ 392

ϵabcB̄a
dubeμucfνuegλughργ5γμDλρTA;n;dfhν 72 iϵabcB̄a

dfþefμνubeλufgμγ5γλTA;n;cdgν 393

ϵabcB̄a
dubeμucfνuegλughργ5γνDμλTA;n;dfhρ 73 iϵabcB̄a

dfþefμνubeλufgλγ5γμTA;n;cdgν 394
ϵabcB̄a

dubeμucfνuegλughργ5γνDμρTA;n;dfhλ 74 iϵabcB̄a
dfþefμνubgμugeλγ5γνTA;n;cdfλ 395

ϵabcB̄a
dubeμucfνuegλughργ5γνDλρTA;n;dfhμ 75 iϵabcB̄a

dfþefμνubgμugeλγ5γλTA;n;cdfν 396
ϵabcB̄a

dubeμucfνuegλughργ5γλDμνTA;n;dfhρ 76 iϵabcB̄a
dfþb

eμνucfλudgργ5γμDνλTA;n;efgρ 103 397
ϵabcB̄a

dubeμucfνuegλughργ5γλDμρTA;n;dfhν 77 iϵabcB̄a
dfþb

eμνucfλudgργ5γμDνρTA;n;efgλ 104 398
ϵabcB̄a

dubeμucfνuegλughργ5γλDνρTA;n;dfhμ 78 iϵabcB̄a
dfþb

eμνucfλudgργ5γμDλρTA;n;efgν 105 399
ϵabcB̄a

dubeμucfνuegλughργ5γρDμνTA;n;dfhλ 79 iϵabcB̄a
dfþb

eμνucfλudgργ5γλDμρTA;n;efgν 106 400
ϵabcB̄a

dubeμucfνuegλughργ5γρDμλTA;n;dfhν 80 iϵabcB̄a
dfþb

eμνucfλudgργ5γρDμλTA;n;efgν 107 401
ϵabcB̄a

dubeμucfνuegλughργ5γρDνλTA;n;dfhμ 81 iϵabcB̄a
dfþb

eμνucfλuegργ5γμDνλTA;n;dfgρ 108 402
ϵabcB̄a

dubeμudfνuegλufhργ5γμDνλTA;n;cghρ 82 iϵabcB̄a
dfþb

eμνucfλuegργ5γμDνρTA;n;dfgλ 403
ϵabcB̄a

dubeμudfνuegλufhργ5γμDνρTA;n;cghλ 83 iϵabcB̄a
dfþb

eμνucfλuegργ5γμDλρTA;n;dfgν 109 404
ϵabcB̄a

dubeμudfνuegλufhργ5γμDλρTA;n;cghν 84 iϵabcB̄a
dfþb

eμνucfλuegργ5γλDμρTA;n;dfgν 110 405
ϵabcB̄a

dubeμudfνuegλufhργ5γλDμνTA;n;cghρ 85 iϵabcB̄a
dfþb

eμνucfλuegργ5γρDμλTA;n;dfgν 406
ϵabcB̄a

dubeμudfνuegλufhργ5γλDμρTA;n;cghν 86 iϵabcB̄a
dfþb

eμνucfλufgργ5γμDνλTA;n;degρ 111 407
ϵabcB̄a

dubeμudfνuegλufhργ5γλDνρTA;n;cghμ 87 iϵabcB̄a
dfþb

eμνucfλufgργ5γμDνρTA;n;degλ 112 408
ϵabcB̄a

dubeμudfνuegλughργ5γμDνλTA;n;cfhρ 88 iϵabcB̄a
dfþb

eμνucfλufgργ5γμDλρTA;n;degν 113 409
ϵabcB̄a

dubeμudfνuegλughργ5γμDνρTA;n;cfhλ 89 iϵabcB̄a
dfþb

eμνucfλufgργ5γλDμρTA;n;degν 114 410
ϵabcB̄a

dubeμudfνuegλughργ5γνDμλTA;n;cfhρ 90 iϵabcB̄a
dfþb

eμνucfλufgργ5γρDμλTA;n;degν 115 411
ϵabcB̄a

dubeμudfνuegλughργ5γνDμρTA;n;cfhλ 91 iϵabcB̄a
dfs;þμνubeμucfλγ5γνTA;n;defλ 116

ϵabcB̄a
dubeμudfνuegλughργ5γνDλρTA;n;cfhμ 92 iϵabcB̄a

dfs;þμνubeμucfλγ5γλTA;n;defν 117
ϵabcB̄a

dubeμudfνuegλughργ5γλDμνTA;n;cfhρ 93 iϵabcB̄a
dfs;þμνubeμudfλγ5γνTA;n;cefλ 118

ϵabcB̄a
dubeμudfνuegλughργ5γλDνρTA;n;cfhμ 94 iϵabcB̄a

dfs;þμνubeμudfλγ5γλTA;n;cefν 119
ϵabcB̄a

dubeμuefνufgλughργ5γμDνλTA;n;cdhρ 95 iϵabcB̄a
dfs;þμνubeλudfλγ5γμTA;n;cefν 120

ϵabcB̄a
dubeμuefνufgλughργ5γμDνρTA;n;cdhλ 96 iϵabcB̄a

dfs;þμνubeλucfργ5γμDνλTA;n;defρ 121
ϵabcB̄a

dubeμuefνufgλughργ5γμDλρTA;n;cdhν 97 iϵabcB̄a
dfs;þμνubeλucfργ5γλDμρTA;n;defν 122

ϵabcB̄a
dubeμuefνufgλughργ5γνDμλTA;n;cdhρ 98 iϵabcB̄a

dfs;þμνubeλudfργ5γμDνλTA;n;cefρ 123
ϵabcB̄a

dubeμuefνufgλughργ5γνDμρTA;n;cdhλ 99 iϵabcB̄a
dfs;þμνubeλudfργ5γμDλρTA;n;cefν 124

ϵabcB̄a
dubeμuefνufgλughργ5γνDλρTA;n;cdhμ 100 iϵabcB̄a

dfs;þμνubeλudfργ5γλDμρTA;n;cefν 125
ϵabcB̄a

dubeμuefνufgλughργ5γρDμνTA;n;cdhλ 101 iϵabcB̄a
dfþb

eμνudfλuegργ5γμDνλTA;n;cfgρ 412
ϵabcB̄a

dubeμuefνufgλughργ5γρDμλTA;n;cdhν 102 iϵabcB̄a
dfþb

eμνudfλuegργ5γμDνρTA;n;cfgλ 413
εμνλρϵabcB̄a

dubeμucfνudgλuehσDρTA;n;fghσ 15 103 iϵabcB̄a
dfþb

eμνudfλuegργ5γμDλρTA;n;cfgν 414
εμνλρϵabcB̄a

dubeμucfνudgσuehλDρTA;n;fghσ 104 iϵabcB̄a
dfþb

eμνudfλuegργ5γλDμρTA;n;cfgν 415
εμνλρϵabcB̄a

dubeμucfνudgσughλDρTA;n;efhσ 105 iϵabcB̄a
dfþb

eμνudfλuegργ5γρDμλTA;n;cfgν 416
εμνλρϵabcB̄a

dubeμucfνuegλufhσDρTA;n;dghσ 106 iϵabcB̄a
dfþb

eμνudfλufgργ5γμDνλTA;n;cegρ 417
εμνλρϵabcB̄a

dubeμucfνuegλughσDρTA;n;dfhσ 107 iϵabcB̄a
dfþb

eμνudfλufgργ5γμDνρTA;n;cegλ 418
εμνλρϵabcB̄a

dubeμucfνuegσughλDρTA;n;dfhσ 108 iϵabcB̄a
dfþb

eμνudfλufgργ5γμDλρTA;n;cegν 419
εμνλρϵabcB̄a

dubeμucfνughλuhgσDρTA;n;defσ 109 iϵabcB̄a
dfþb

eμνudfλufgργ5γλDμρTA;n;cegν 420
εμνλρϵabcB̄a

dubeμucfσuegνufhλDρTA;n;dghσ 110 iϵabcB̄a
dfþb

eμνudfλufgργ5γρDμλTA;n;cegν 421
εμνλρϵabcB̄a

dubeμudfνuegλufhσDρTA;n;cghσ 111 iϵabcB̄a
dfþb

eμνuefλufgργ5γμDνλTA;n;cdgρ 422
εμνλρϵabcB̄a

dubeμudfνuegλughσDρTA;n;cfhσ 112 iϵabcB̄a
dfþb

eμνuefλufgργ5γμDνρTA;n;cdgλ 423
εμνλρϵabcB̄a

dubeμuefνufgλug
hσDρTA;n;cdhσ 113 iϵabcB̄a

dfþb
eμνuefλufgργ5γμDλρTA;n;cdgν 424

εμνλρϵabcB̄a
dubeμuefνufgσughλDρTA;n;cdhσ 114 iϵabcB̄a

dfþb
eμνuefλufgργ5γλDμρTA;n;cdgν 425
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ϵabcB̄a
dubeμucfμf−egνλDνTA;n;dfgλ 16 115 iϵabcB̄a

dfþb
eμνuefλufgργ5γρDμλTA;n;cdgν 426

ϵabcB̄a
dubeμucfνf−dgμλDνTA;n;efgλ 17 116 iϵabcB̄a

dfþb
eμνufgλugfργ5γμDνλTA;n;cdeρ 427

ϵabcB̄a
dubeμucfνf−dgμλDλTA;n;efgν 18 117 iϵabcB̄a

dfþb
eμνufgλugfργ5γμDλρTA;n;cdeν 428

ϵabcB̄a
dubeμucfνf−egμλDνTA;n;dfgλ 19 118 iϵabcB̄a

dfþb
eμνufgλugfργ5γλDμρTA;n;cdeν 429

ϵabcB̄a
dubeμucfνf−egμλDλTA;n;dfgν 20 119 iϵabcB̄a

dfþefμνubeλucgργ5γμDνλTA;n;dfgρ 430
ϵabcB̄a

dubeμucfνf−egνλDμTA;n;dfgλ 21 120 iϵabcB̄a
dfþefμνubeλucgργ5γμDνρTA;n;dfgλ 431

ϵabcB̄a
dubeμucfνf−egνλDλTA;n;dfgμ 22 121 iϵabcB̄a

dfþefμνubeλucgργ5γμDλρTA;n;dfgν 432
ϵabcB̄a

dubeμudfμf−cgνλDνTA;n;efgλ 23 122 iϵabcB̄a
dfþefμνubeλucgργ5γλDμρTA;n;dfgν 433

ϵabcB̄a
dubeμudfμf−egνλDνTA;n;cfgλ 123 iϵabcB̄a

dfþefμνubeλucgργ5γρDμλTA;n;dfgν 434
ϵabcB̄a

dubeμudfνf−cgμλDνTA;n;efgλ 24 124 iϵabcB̄a
dfþefμνubeλudgργ5γμDνλTA;n;cfgρ 435

ϵabcB̄a
dubeμudfνf−cgμλDλTA;n;efgν 25 125 iϵabcB̄a

dfþefμνubeλudgργ5γμDνρTA;n;cfgλ 436
ϵabcB̄a

dubeμudfνf−egμλDνTA;n;cfgλ 126 iϵabcB̄a
dfþefμνubeλudgργ5γμDλρTA;n;cfgν 437

ϵabcB̄a
dubeμudfνf−egμλDλTA;n;cfgν 127 iϵabcB̄a

dfþefμνubeλudgργ5γλDμρTA;n;cfgν 438
ϵabcB̄a

dubeμudfνf−egνλDμTA;n;cfgλ 128 iϵabcB̄a
dfþefμνubeλudgργ5γρDμλTA;n;cfgν 439

ϵabcB̄a
dubeμudfνf−egνλDλTA;n;cfgμ 129 iϵabcB̄a

dfþefμνubeλufgργ5γμDνλTA;n;cdgρ 440
ϵabcB̄a

dubeμuefμf−cgνλDνTA;n;dfgλ 130 iϵabcB̄a
dfþefμνubeλufgργ5γμDνρTA;n;cdgλ 441

ϵabcB̄a
dubeμuefμf−dgνλDνTA;n;cfgλ 131 iϵabcB̄a

dfþefμνubeλufgργ5γμDλρTA;n;cdgν 442
ϵabcB̄a

dubeμuefμf−fgνλDνTA;n;cdgλ 132 iϵabcB̄a
dfþefμνubeλufgργ5γλDμρTA;n;cdgν 443

ϵabcB̄a
dubeμuefνf−cgμλDνTA;n;dfgλ 133 iϵabcB̄a

dfþefμνubeλufgργ5γρDμλTA;n;cdgν 444
ϵabcB̄a

dubeμuefνf−cgμλDλTA;n;dfgν 134 iϵabcB̄a
dfþefμνubgλugeργ5γμDνλTA;n;cdfρ 445

ϵabcB̄a
dubeμuefνf−cgνλDμTA;n;dfgλ 135 iϵabcB̄a

dfþefμνubgλugeργ5γλDμρTA;n;cdfν 446
ϵabcB̄a

dubeμuefνf−cgνλDλTA;n;dfgμ 136 iεμνλρϵabcB̄a
dfþb

e
μνuc

f
λudgσDρTA;n;efgσ 126 447

ϵabcB̄a
dubeμuefνf−dgμλDνTA;n;cfgλ 137 iεμνλρϵabcB̄a

dfþb
e
μνuc

f
λuegσDρTA;n;dfgσ 127 448

ϵabcB̄a
dubeμuefνf−dgμλDλTA;n;cfgν 138 iεμνλρϵabcB̄a

dfþb
e
μνuc

f
λufgσDρTA;n;degσ 128 449

ϵabcB̄a
dubeμuefνf−dgνλDμTA;n;cfgλ 139 iεμνλρϵabcB̄a

dfþb
e
μνuc

fσudgλDρTA;n;efgσ 129 450

ϵabcB̄a
dubeμuefνf−dgνλDλTA;n;cfgμ 140 iεμνλρϵabcB̄a

dfþb
e
μνuc

fσuegλDρTA;n;dfgσ 451

ϵabcB̄a
dubeμuefνf−fgμ

λDνTA;n;cdgλ 141 iεμνλρϵabcB̄a
dfþb

e
μνuc

fσufgλDρTA;n;degσ 130 452

ϵabcB̄a
dubeμuefνf−fgμ

λDλTA;n;cdgν 142 iεμνλρϵabcB̄a
dfs;þμνubeλucfσDρTA;n;defσ 131

ϵabcB̄a
dubeμuefνf−fgν

λDμTA;n;cdgλ 143 iεμνλρϵabcB̄a
dfs;þμνubeλudfσDρTA;n;cefσ 132

ϵabcB̄a
dubeμuefνf−fgν

λDλTA;n;cdgμ 144 iεμνλρϵabcB̄a
dfþb

e
μνud

f
λuegσDρTA;n;cfgσ 453

ϵabcB̄a
dubeμufgμf−cfνλDνTA;n;degλ 26 145 iεμνλρϵabcB̄a

dfþb
e
μνud

f
λufgσDρTA;n;cegσ 454

ϵabcB̄a
dubeμufgμf−dfνλDνTA;n;cegλ 146 iεμνλρϵabcB̄a

dfþb
e
μνud

fσuegλDρTA;n;cfgσ 455

ϵabcB̄a
dubeμufgμf−efνλDνTA;n;cdgλ 147 iεμνλρϵabcB̄a

dfþb
e
μνud

fσufgλDρTA;n;cegσ 456

ϵabcB̄a
dubeμufgμf−gfνλDνTA;n;cdeλ 148 iεμνλρϵabcB̄a

dfþb
e
μνue

f
λufgσDρTA;n;cdgσ 457

ϵabcB̄a
dubeμufgνf−cfμλDνTA;n;degλ 27 149 iεμνλρϵabcB̄a

dfþb
e
μνue

fσufgλDρTA;n;cdgσ 458

ϵabcB̄a
dubeμufgνf−cfμλDλTA;n;degν 28 150 iεμνλρϵabcB̄a

dfþb
e
μνu

fg
λugfσDρTA;n;cdeσ 459

ϵabcB̄a
dubeμufgνf−cfνλDμTA;n;degλ 151 iεμνλρϵabcB̄a

dfþef
μνubeλuc

gσDρTA;n;dfgσ 460

ϵabcB̄a
dubeμufgνf−cfνλDλTA;n;degμ 152 iεμνλρϵabcB̄a

dfþef
μνubeλud

gσDρTA;n;cfgσ 461

ϵabcB̄a
dubeμufgνf−dfμλDνTA;n;cegλ 153 iεμνλρϵabcB̄a

dfþef
μνubeλuf

gσDρTA;n;cdgσ 462

ϵabcB̄a
dubeμufgνf−dfμλDλTA;n;cegν 154 iεμνλρϵabcB̄a

dfþef
μνube

σucgλDρTA;n;dfgσ 463

ϵabcB̄a
dubeμufgνf−dfνλDμTA;n;cegλ 155 iεμνλρϵabcB̄a

dfþef
μνube

σudgλDρTA;n;cfgσ 464

ϵabcB̄a
dubeμufgνf−dfνλDλTA;n;cegμ 156 iεμνλρϵabcB̄a

dfþef
μνube

σufgλDρTA;n;cdgσ 465

ϵabcB̄a
dubeμufgνf−efμλDνTA;n;cdgλ 157 iεμνλρϵabcB̄a

dfþef
μνub

g
λugeσDρTA;n;cdfσ 466

ϵabcB̄a
dubeμufgνf−efμλDλTA;n;cdgν 158 iϵabcB̄a

dfþb
eμνf−cfμλDνTA;n;defλ 133 467

ϵabcB̄a
dubeμufgνf−efνλDμTA;n;cdgλ 159 iϵabcB̄a

dfþb
eμνf−cfμλDλTA;n;defν 134 468

ϵabcB̄a
dubeμufgνf−efνλDλTA;n;cdgμ 160 iϵabcB̄a

dfþb
eμνf−dfμλDνTA;n;cefλ 135 469

ϵabcB̄a
dubeμufgνf−gfμλDνTA;n;cdeλ 161 iϵabcB̄a

dfþb
eμνf−dfμλDλTA;n;cefν 136 470

(Table continued)
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ϵabcB̄a
dubeμufgνf−gfμλDλTA;n;cdeν 162 iϵabcB̄a

dfþb
eμνf−efμλDνTA;n;cdfλ 471

ϵabcB̄a
dubeμufgνf−gfνλDμTA;n;cdeλ 163 iϵabcB̄a

dfþb
eμνf−efμλDλTA;n;cdfν 472

ϵabcB̄a
dubeμufgνf−gfνλDλTA;n;cdeμ 164 iϵabcB̄a

dfþefμνf−beμλDνTA;n;cdfλ 473
ϵabcB̄a

dubeμucfνf−egλρDμνλTA;n;dfgρ 29 165 iϵabcB̄a
dfþefμνf−beμλDλTA;n;cdfν 474

ϵabcB̄a
dubeμudfνf−cgλρDμνλTA;n;efgρ 30 166 ϵabcB̄a

dfþb
eμνf−cfλρσμνDλTA;n;defρ 137 475

ϵabcB̄a
dubeμudfνf−egλρDμνλTA;n;cfgρ 167 ϵabcB̄a

dfþb
eμνf−cfλρσμλDνTA;n;defρ 138 476

ϵabcB̄a
dubeμuefνf−cgλρDμνλTA;n;dfgρ 168 ϵabcB̄a

dfþb
eμνf−dfλρσμνDλTA;n;cefρ 139 477

ϵabcB̄a
dubeμuefνf−dgλρDμνλTA;n;cfgρ 169 ϵabcB̄a

dfþb
eμνf−dfλρσμλDνTA;n;cefρ 140 478

ϵabcB̄a
dubeμuefνf−fgλρDμνλTA;n;cdgρ 170 iϵabcB̄a

dfs;þμνf−beμλDνTA;n;cdeλ 141
ϵabcB̄a

dubeμufgνf−cfλρDμνλTA;n;degρ 31 171 iϵabcB̄a
dfs;þμνf−beμλDλTA;n;cdeν 142

ϵabcB̄a
dubeμufgνf−dfλρDμνλTA;n;cegρ 172 ϵabcB̄a

dfs;þμνf−beλρσμλDνTA;n;cdeρ 143
ϵabcB̄a

dubeμufgνf−efλρDμνλTA;n;cdgρ 173 ϵabcB̄a
dfþb

eμνf−efλρσμνDλTA;n;cdfρ 479
ϵabcB̄a

dubeμufgνf−gfλρDμνλTA;n;cdeρ 174 ϵabcB̄a
dfþb

eμνf−efλρσμλDνTA;n;cdfρ 480
iϵabcB̄a

dubeμucfνf−dgλρσμνDλTA;n;efgρ 32 175 ϵabcB̄a
dfþefμνf−beλρσμνDλTA;n;cdfρ 481

iϵabcB̄a
dubeμucfνf−dgλρσμλDνTA;n;efgρ 33 176 ϵabcB̄a

dfþefμνf−beλρσμλDνTA;n;cdfρ 482
iϵabcB̄a

dubeμucfνf−egλρσμνDλTA;n;dfgρ 34 177 iϵabcB̄a
dfþb

eμνhcfμλDνTA;n;defλ 144 483
iϵabcB̄a

dubeμucfνf−egλρσμλDνTA;n;dfgρ 35 178 iϵabcB̄a
dfþb

eμνhcfμλDλTA;n;defν 145 484
iϵabcB̄a

dubeμucfνf−egλρσμλDρTA;n;dfgν 36 179 iϵabcB̄a
dfþb

eμνhdfμλDνTA;n;cefλ 146 485
iϵabcB̄a

dubeμucfνf−egλρσνλDμTA;n;dfgρ 37 180 iϵabcB̄a
dfþb

eμνhdfμλDλTA;n;cefν 147 486
iϵabcB̄a

dubeμudfνf−cgλρσμλDνTA;n;efgρ 38 181 iϵabcB̄a
dfþb

eμνhefμλDνTA;n;cdfλ 487
iϵabcB̄a

dubeμudfνf−cgλρσμλDρTA;n;efgν 39 182 iϵabcB̄a
dfþb

eμνhefμλDλTA;n;cdfν 488
iϵabcB̄a

dubeμudfνf−egλρσμνDλTA;n;cfgρ 183 iϵabcB̄a
dfþefμνhbeμλDνTA;n;cdfλ 489

iϵabcB̄a
dubeμudfνf−egλρσμλDνTA;n;cfgρ 184 iϵabcB̄a

dfþefμνhbeμλDλTA;n;cdfν 490
iϵabcB̄a

dubeμudfνf−egλρσμλDρTA;n;cfgν 185 iϵabcB̄a
dfþb

eμνhcfλρDμλρTA;n;defν 148 491
iϵabcB̄a

dubeμudfνf−egλρσνλDμTA;n;cfgρ 186 iϵabcB̄a
dfþb

eμνhdfλρDμλρTA;n;cefν 149 492
iϵabcB̄a

dubeμuefνf−cgλρσμνDλTA;n;dfgρ 187 iϵabcB̄a
dfþb

eμνhefλρDμλρTA;n;cdfν 493
iϵabcB̄a

dubeμuefνf−cgλρσμλDνTA;n;dfgρ 188 iϵabcB̄a
dfþefμνhbeλρDμλρTA;n;cdfν 494

iϵabcB̄a
dubeμuefνf−cgλρσμλDρTA;n;dfgν 189 ϵabcB̄a

dfþb
eμνhcfλρσμνDλTA;n;defρ 150 495

iϵabcB̄a
dubeμuefνf−cgλρσνλDμTA;n;dfgρ 190 ϵabcB̄a

dfþb
eμνhcfλρσμλDνTA;n;defρ 151 496

iϵabcB̄a
dubeμuefνf−dgλρσμνDλTA;n;cfgρ 191 ϵabcB̄a

dfþb
eμνhdfλρσμνDλTA;n;cefρ 152 497

iϵabcB̄a
dubeμuefνf−dgλρσμλDνTA;n;cfgρ 192 ϵabcB̄a

dfþb
eμνhdfλρσμλDνTA;n;cefρ 153 498

iϵabcB̄a
dubeμuefνf−dgλρσμλDρTA;n;cfgν 193 ϵabcB̄a

dfþb
eμνhefλρσμνDλTA;n;cdfρ 499

iϵabcB̄a
dubeμuefνf−dgλρσνλDμTA;n;cfgρ 194 ϵabcB̄a

dfþb
eμνhefλρσμλDνTA;n;cdfρ 500

iϵabcB̄a
dubeμuefνf−fgλρσμνDλTA;n;cdgρ 195 ϵabcB̄a

dfþefμνhbeλρσμνDλTA;n;cdfρ 501
iϵabcB̄a

dubeμuefνf−fgλρσμλDνTA;n;cdgρ 196 ϵabcB̄a
dfþefμνhbeλρσμλDνTA;n;cdfρ 502

iϵabcB̄a
dubeμuefνf−fgλρσμλDρTA;n;cdgν 197 iϵabcB̄a

d∇μfþb
e
μ
νucfλDνTA;n;defλ 154 503

iϵabcB̄a
dubeμuefνf−fgλρσνλDμTA;n;cdgρ 198 iϵabcB̄a

d∇μfþb
e
μ
νucfλDλTA;n;defν 155 504

iϵabcB̄a
dubeμufgνf−cfλρσμνDλTA;n;degρ 199 iϵabcB̄a

d∇μfþb
e
μ
νudfλDνTA;n;cefλ 156 505

iϵabcB̄a
dubeμufgνf−cfλρσμλDνTA;n;degρ 40 200 iϵabcB̄a

d∇μfþb
e
μ
νudfλDλTA;n;cefν 157 506

iϵabcB̄a
dubeμufgνf−cfλρσμλDρTA;n;degν 41 201 iϵabcB̄a

d∇μfs;þμ
νubeλDνTA;n;cdeλ 158

iϵabcB̄a
dubeμufgνf−cfλρσνλDμTA;n;degρ 202 iϵabcB̄a

d∇μfs;þμ
νubeλDλTA;n;cdeν 159

iϵabcB̄a
dubeμufgνf−dfλρσμνDλTA;n;cegρ 203 iϵabcB̄a

d∇μfs;þνλubeμDνTA;n;cdeλ 160
iϵabcB̄a

dubeμufgνf−dfλρσμλDνTA;n;cegρ 204 iϵabcB̄a
d∇μfs;þνλubeνDμTA;n;cdeλ 161

iϵabcB̄a
dubeμufgνf−dfλρσμλDρTA;n;cegν 205 iϵabcB̄a

d∇μfs;þνλubeρDμνρTA;n;cdeλ 162
iϵabcB̄a

dubeμufgνf−dfλρσνλDμTA;n;cegρ 206 ϵabcB̄a
d∇μfs;þνλubeρσμνDλTA;n;cdeρ 163

iϵabcB̄a
dubeμufgνf−efλρσμνDλTA;n;cdgρ 207 ϵabcB̄a

d∇μfs;þνλubeρσμνDρTA;n;cdeλ 164
iϵabcB̄a

dubeμufgνf−efλρσμλDνTA;n;cdgρ 208 ϵabcB̄a
d∇μfs;þνλubeρσμρDνTA;n;cdeλ 165

iϵabcB̄a
dubeμufgνf−efλρσμλDρTA;n;cdgν 209 iϵabcB̄a

d∇μfþb
e
μ
νuefλDνTA;n;cdfλ 507
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iϵabcB̄a
dubeμufgνf−efλρσνλDμTA;n;cdgρ 210 iϵabcB̄a

d∇μfþb
e
μ
νuefλDλTA;n;cdfν 508

iϵabcB̄a
dubeμufgνf−gfλρσμνDλTA;n;cdeρ 211 iϵabcB̄a

d∇μfþef
μ
νubeλDνTA;n;cdfλ 509

iϵabcB̄a
dubeμufgνf−gfλρσμλDνTA;n;cdeρ 212 iϵabcB̄a

d∇μfþef
μ
νubeλDλTA;n;cdfν 510

iϵabcB̄a
dubeμufgνf−gfλρσμλDρTA;n;cdeν 213 iϵabcB̄a

d∇μ∇μfþb
eνλγ5γνTA;n;cdeλ 166 511

iϵabcB̄a
dubeμufgνf−gfλρσνλDμTA;n;cdeρ 214 iϵabcB̄a

d∇μ∇νfþb
e
μ
λγ5γνTA;n;cdeλ 167 512

ϵabcB̄a
dubeμucfμhegνλDνTA;n;dfgλ 42 215 ϵabcB̄a

dfþb
eμνfþc

f
μ
λγ5γνTA;n;defλ 168 513

ϵabcB̄a
dubeμucfνhdgμλDνTA;n;efgλ 43 216 ϵabcB̄a

dfþb
eμνfþd

f
μ
λγ5γνTA;n;cefλ 169 514

ϵabcB̄a
dubeμucfνhdgμλDλTA;n;efgν 44 217 ϵabcB̄a

dfþb
eμνfþe

f
μ
λγ5γνTA;n;cdfλ 515

ϵabcB̄a
dubeμucfνhegμλDνTA;n;dfgλ 45 218 ϵabcB̄a

dfþb
eμνfþe

f
μ
λγ5γλTA;n;cdfν 516

ϵabcB̄a
dubeμucfνhegμλDλTA;n;dfgν 46 219 ϵabcB̄a

dfþb
eμνfþc

fλργ5γμDνλTA;n;defρ 170 517
ϵabcB̄a

dubeμucfνhegνλDμTA;n;dfgλ 47 220 ϵabcB̄a
dfþb

eμνfþd
fλργ5γμDνλTA;n;cefρ 171 518

ϵabcB̄a
dubeμucfνhegνλDλTA;n;dfgμ 221 ϵabcB̄a

dfþb
eμνfs;þμ

λγ5γνTA;n;cdeλ 172
ϵabcB̄a

dubeμudfμhcgνλDνTA;n;efgλ 48 222 ϵabcB̄a
dfþb

eμνfs;þμ
λγ5γλTA;n;cdeν 173

ϵabcB̄a
dubeμudfμhegνλDνTA;n;cfgλ 223 ϵabcB̄a

dfþb
eμνfs;þλργ5γμDνλTA;n;cdeρ 174

ϵabcB̄a
dubeμudfνhegμλDνTA;n;cfgλ 224 ϵabcB̄a

dfþb
eμνfs;þλργ5γλDμρTA;n;cdeν 175

ϵabcB̄a
dubeμudfνhegμλDλTA;n;cfgν 225 ϵabcB̄a

dfþb
eμνfþe

fλργ5γμDνλTA;n;cdfρ 519
ϵabcB̄a

dubeμudfνhegνλDμTA;n;cfgλ 226 ϵabcB̄a
dfþb

eμνfþe
fλργ5γλDμρTA;n;cdfν 520

ϵabcB̄a
dubeμudfνhegνλDλTA;n;cfgμ 227 εμνλρϵabcB̄a

dfþb
e
μνfþc

f
λ
σDρTA;n;defσ 176 521

ϵabcB̄a
dubeμuefμhcgνλDνTA;n;dfgλ 228 εμνλρϵabcB̄a

dfþb
e
μνfs;þλ

σDρTA;n;cdeσ 177

ϵabcB̄a
dubeμuefμhdgνλDνTA;n;cfgλ 229 εμνλρϵabcB̄a

dfþb
e
μνfþe

f
λ
σDρTA;n;cdfσ 522

ϵabcB̄a
dubeμuefμhfgνλDνTA;n;cdgλ 230 ϵabcB̄a

dubeμucfνχþd
gγ5γμTA;n;efgν 178 523

ϵabcB̄a
dubeμuefνhcgμλDνTA;n;dfgλ 231 ϵabcB̄a

dubeμucfνχþe
gγ5γμTA;n;dfgν 179 524

ϵabcB̄a
dubeμuefνhcgμλDλTA;n;dfgν 232 ϵabcB̄a

dubeμucfνχþe
gγ5γνTA;n;dfgμ 180 525

ϵabcB̄a
dubeμuefνhcgνλDμTA;n;dfgλ 233 ϵabcB̄a

dubeμudfνχþc
gγ5γμTA;n;efgν 181 526

ϵabcB̄a
dubeμuefνhdgμλDνTA;n;cfgλ 234 ϵabcB̄a

dubeμudfνχþe
gγ5γμTA;n;cfgν 527

ϵabcB̄a
dubeμuefνhdgμλDλTA;n;cfgν 235 ϵabcB̄a

dubeμudfνχþe
gγ5γνTA;n;cfgμ 528

ϵabcB̄a
dubeμuefνhdgνλDμTA;n;cfgλ 236 ϵabcB̄a

dubeμuefνχþc
gγ5γμTA;n;dfgν 529

ϵabcB̄a
dubeμuefνhfgμ

λDνTA;n;cdgλ 237 ϵabcB̄a
dubeμuefνχþc

gγ5γνTA;n;dfgμ 530

ϵabcB̄a
dubeμuefνhfgμ

λDλTA;n;cdgν 238 ϵabcB̄a
dubeμuefνχþd

gγ5γμTA;n;cfgν 531

ϵabcB̄a
dubeμuefνhfgν

λDμTA;n;cdgλ 239 ϵabcB̄a
dubeμuefνχþd

gγ5γνTA;n;cfgμ 532
ϵabcB̄a

dubeμuefνhfgν
λDλTA;n;cdgμ 240 ϵabcB̄a

dubeμuefνχþf
gγ5γμTA;n;cdgν 533

ϵabcB̄a
dubeμufgμhefνλDνTA;n;cdgλ 241 ϵabcB̄a

dubeμuefνχþf
gγ5γνTA;n;cdgμ 534

ϵabcB̄a
dubeμufgμhgfνλDνTA;n;cdeλ 242 ϵabcB̄a

dubeμufgνχþcfγ5γμTA;n;degν 182 535
ϵabcB̄a

dubeμufgνhefμλDνTA;n;cdgλ 243 ϵabcB̄a
dubeμufgνχþcfγ5γνTA;n;degμ 536

ϵabcB̄a
dubeμufgνhefμλDλTA;n;cdgν 244 ϵabcB̄a

dubeμufgνχþdfγ5γμTA;n;cegν 537
ϵabcB̄a

dubeμucfνhdgλρDμλρTA;n;efgν 49 245 ϵabcB̄a
dubeμufgνχþdfγ5γνTA;n;cegμ 538

ϵabcB̄a
dubeμucfνhegλρDμνλTA;n;dfgρ 50 246 ϵabcB̄a

dubeμufgνχþefγ5γμTA;n;cdgν 539
ϵabcB̄a

dubeμucfνhegλρDμλρTA;n;dfgν 51 247 ϵabcB̄a
dubeμufgνχþefγ5γνTA;n;cdgμ 540

ϵabcB̄a
dubeμucfνhegλρDνλρTA;n;dfgμ 248 ϵabcB̄a

dubeμufgνχþgfγ5γμTA;n;cdeν 541
ϵabcB̄a

dubeμudfνhcgλρDμνλTA;n;efgρ 52 249 ϵabcB̄a
dubeμufgνχþgfγ5γνTA;n;cdeμ 542

ϵabcB̄a
dubeμudfνhegλρDμνλTA;n;cfgρ 250 ϵabcB̄a

dubeμucfνχþ;sγ5γμTA;n;defν 183 543
ϵabcB̄a

dubeμudfνhegλρDμλρTA;n;cfgν 251 ϵabcB̄a
dubeμudfνχþ;sγ5γμTA;n;cefν 184 544

ϵabcB̄a
dubeμudfνhegλρDνλρTA;n;cfgμ 252 ϵabcB̄a

dubeμuefνχþ;sγ5γμTA;n;cdfν 545
ϵabcB̄a

dubeμuefνhcgλρDμνλTA;n;dfgρ 253 ϵabcB̄a
dubeμuefνχþ;sγ5γνTA;n;cdfμ 546

ϵabcB̄a
dubeμuefνhcgλρDμλρTA;n;dfgν 254 ϵabcB̄a

df−beμνχþc
fDμTA;n;defν 185 547

ϵabcB̄a
dubeμuefνhdgλρDμνλTA;n;cfgρ 255 ϵabcB̄a

df−beμνχþd
fDμTA;n;cefν 186 548

ϵabcB̄a
dubeμuefνhdgλρDμλρTA;n;cfgν 256 ϵabcB̄a

df−beμνχþe
fDμTA;n;cdfν 549

ϵabcB̄a
dubeμuefνhfgλρDμνλTA;n;cdgρ 257 ϵabcB̄a

df−efμνχþbeDμTA;n;cdfν 550

(Table continued)
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ϵabcB̄a
dubeμuefνhfgλρDμλρTA;n;cdgν 258 ϵabcB̄a

dhbeμνχþc
fDμTA;n;defν 187 551

ϵabcB̄a
dubeμuefνhfgλρDνλρTA;n;cdgμ 259 ϵabcB̄a

dhbeμνχþd
fDμTA;n;cefν 188 552

ϵabcB̄a
dubeμufgνhefλρDμνλTA;n;cdgρ 260 ϵabcB̄a

dhbeμνχþe
fDμTA;n;cdfν 553

ϵabcB̄a
dubeμufgνhefλρDμλρTA;n;cdgν 261 ϵabcB̄a

dhefμνχþbeDμTA;n;cdfν 554
iϵabcB̄a

dubeμucfνhdgλρσμνDλTA;n;efgρ 53 262 ϵabcB̄a
dubeμ∇νχþ;sDμTA;n;cdeν 189 555

iϵabcB̄a
dubeμucfνhdgλρσμλDνTA;n;efgρ 54 263 ϵabcB̄a

dubeμ∇νχþ;sDνTA;n;cdeμ 190 556
iϵabcB̄a

dubeμucfνhegλρσμνDλTA;n;dfgρ 55 264 ϵabcB̄a
d∇μ∇νχþb

eγ5γμTA;n;cdeν 191 557
iϵabcB̄a

dubeμucfνhegλρσμλDνTA;n;dfgρ 56 265 iϵabcB̄a
dfþb

eμνχþc
fγ5γμTA;n;defν 192 558

iϵabcB̄a
dubeμucfνhegλρσμλDρTA;n;dfgν 57 266 iϵabcB̄a

dfþb
eμνχþd

fγ5γμTA;n;cefν 193 559
iϵabcB̄a

dubeμucfνhegλρσνλDμTA;n;dfgρ 58 267 iϵabcB̄a
dfs;þμνχþb

eγ5γμTA;n;cdeν 194
iϵabcB̄a

dubeμudfνhegλρσμνDλTA;n;cfgρ 268 iϵabcB̄a
dfþb

eμνχþe
fγ5γμTA;n;cdfν 560

iϵabcB̄a
dubeμudfνhegλρσμλDνTA;n;cfgρ 269 iϵabcB̄a

dfþefμνχþbeγ5γμTA;n;cdfν 561
iϵabcB̄a

dubeμudfνhegλρσμλDρTA;n;cfgν 270 iϵabcB̄a
dfþb

eμνχþ;sγ5γμTA;n;cdeν 195 562
iϵabcB̄a

dubeμudfνhegλρσνλDμTA;n;cfgρ 271 iϵabcB̄a
dubeμucfνχ−dgDμTA;n;efgν 196 563

iϵabcB̄a
dubeμuefνhcgλρσμνDλTA;n;dfgρ 272 iϵabcB̄a

dubeμucfνχ−egDμTA;n;dfgν 197 564
iϵabcB̄a

dubeμuefνhcgλρσμλDνTA;n;dfgρ 273 iϵabcB̄a
dubeμucfνχ−egDνTA;n;dfgμ 198 565

iϵabcB̄a
dubeμuefνhcgλρσμλDρTA;n;dfgν 274 iϵabcB̄a

dubeμudfνχ−cgDμTA;n;efgν 199 566
iϵabcB̄a

dubeμuefνhdgλρσμνDλTA;n;cfgρ 275 iϵabcB̄a
dubeμudfνχ−egDμTA;n;cfgν 567

iϵabcB̄a
dubeμuefνhdgλρσμλDνTA;n;cfgρ 276 iϵabcB̄a

dubeμudfνχ−egDνTA;n;cfgμ 568
iϵabcB̄a

dubeμuefνhdgλρσμλDρTA;n;cfgν 277 iϵabcB̄a
dubeμuefνχ−cgDμTA;n;dfgν 569

iϵabcB̄a
dubeμuefνhfgλρσμνDλTA;n;cdgρ 278 iϵabcB̄a

dubeμuefνχ−cgDνTA;n;dfgμ 570
iϵabcB̄a

dubeμuefνhfgλρσμλDνTA;n;cdgρ 279 iϵabcB̄a
dubeμuefνχ−dgDμTA;n;cfgν 571

iϵabcB̄a
dubeμuefνhfgλρσμλDρTA;n;cdgν 280 iϵabcB̄a

dubeμuefνχ−dgDνTA;n;cfgμ 572
iϵabcB̄a

dubeμuefνhfgλρσνλDμTA;n;cdgρ 281 iϵabcB̄a
dubeμuefνχ−fgDμTA;n;cdgν 573

iϵabcB̄a
dubeμufgνhefλρσμνDλTA;n;cdgρ 282 iϵabcB̄a

dubeμuefνχ−fgDνTA;n;cdgμ 574
iϵabcB̄a

dubeμufgνhefλρσμλDνTA;n;cdgρ 283 iϵabcB̄a
dubeμufgνχ−cfDμTA;n;degν 200 575

iϵabcB̄a
dubeμufgνhefλρσμλDρTA;n;cdgν 284 iϵabcB̄a

dubeμufgνχ−cfDνTA;n;degμ 576
ϵabcB̄a

df−beμνf−cfμλγ5γνTA;n;defλ 59 285 iϵabcB̄a
dubeμufgνχ−dfDμTA;n;cegν 577

ϵabcB̄a
df−beμνf−dfμλγ5γνTA;n;cefλ 60 286 iϵabcB̄a

dubeμufgνχ−dfDνTA;n;cegμ 578
ϵabcB̄a

df−beμνf−efμλγ5γνTA;n;cdfλ 287 iϵabcB̄a
dubeμufgνχ−efDμTA;n;cdgν 579

ϵabcB̄a
df−beμνf−efμλγ5γλTA;n;cdfν 288 iϵabcB̄a

dubeμufgνχ−efDνTA;n;cdgμ 580
ϵabcB̄a

df−beμνf−cfλργ5γμDνλTA;n;defρ 61 289 iϵabcB̄a
dubeμufgνχ−gfDμTA;n;cdeν 581

ϵabcB̄a
df−beμνf−dfλργ5γμDνλTA;n;cefρ 62 290 iϵabcB̄a

dubeμufgνχ−gfDνTA;n;cdeμ 582
ϵabcB̄a

df−beμνf−efλργ5γμDνλTA;n;cdfρ 291 iϵabcB̄a
dubeμucfνχ−;sDμTA;n;defν 201 583

ϵabcB̄a
df−beμνf−efλργ5γλDμρTA;n;cdfν 292 iϵabcB̄a

dubeμudfνχ−;sDμTA;n;cefν 202 584
ϵabcB̄a

dhbeμνf−cfμλγ5γνTA;n;defλ 63 293 iϵabcB̄a
dubeμuefνχ−;sDμTA;n;cdfν 585

ϵabcB̄a
dhbeμνf−cfμλγ5γλTA;n;defν 64 294 iϵabcB̄a

dubeμuefνχ−;sDνTA;n;cdfμ 586
ϵabcB̄a

dhbeμνf−dfμλγ5γνTA;n;cefλ 65 295 iϵabcB̄a
df−beμνχ−cfγ5γμTA;n;defν 203 587

ϵabcB̄a
dhbeμνf−dfμλγ5γλTA;n;cefν 66 296 iϵabcB̄a

df−beμνχ−dfγ5γμTA;n;cefν 204 588
ϵabcB̄a

dhbeμνf−efμλγ5γνTA;n;cdfλ 297 iϵabcB̄a
df−beμνχ−efγ5γμTA;n;cdfν 589

ϵabcB̄a
dhbeμνf−efμλγ5γλTA;n;cdfν 298 iϵabcB̄a

df−efμνχ−beγ5γμTA;n;cdfν 590
ϵabcB̄a

dhefμνf−beμλγ5γνTA;n;cdfλ 299 iϵabcB̄a
dhbeμνχ−cfγ5γμTA;n;defν 205 591

ϵabcB̄a
dhefμνf−beμλγ5γλTA;n;cdfν 300 iϵabcB̄a

dhbeμνχ−dfγ5γμTA;n;cefν 206 592
ϵabcB̄a

dhbeμνf−cfλργ5γμDνλTA;n;defρ 67 301 iϵabcB̄a
dhbeμνχ−efγ5γμTA;n;cdfν 593

ϵabcB̄a
dhbeμνf−cfλργ5γλDμνTA;n;defρ 68 302 iϵabcB̄a

dhefμνχ−beγ5γμTA;n;cdfν 594
ϵabcB̄a

dhbeμνf−cfλργ5γλDμρTA;n;defν 69 303 iϵabcB̄a
df−beμνχ−;sγ5γμTA;n;cdeν 207 595

ϵabcB̄a
dhbeμνf−dfλργ5γμDνλTA;n;cefρ 70 304 iϵabcB̄a

dhbeμνχ−;sγ5γμTA;n;cdeν 208 596
ϵabcB̄a

dhbeμνf−dfλργ5γλDμνTA;n;cefρ 71 305 iϵabcB̄a
dubeμ∇νχ−c

fγ5γμTA;n;defν 209 597

(Table continued)
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[10] O. Catà and V. Mateu, Chiral perturbation theory with tensor
sources, J. High Energy Phys. 09 (2007) 078.

[11] P. Herrera-Siklódy, J. Latorre, P. Pascual, and J. Taron,
Chiral effective Lagrangian in the large Nc limit: the nonet
case, Nucl. Phys. B497, 345 (1997).

[12] S.-Z. Jiang, F.-J. Ge, and Q. Wang, Full pseudoscalar
mesonic chiral Lagrangian at p6 order under the unitary
group, Phys. Rev. D 89, 074048 (2014).

[13] A. Krause, Baryon matrix elements of the vector current in
chiral perturbation theory, Helv. Phys. Acta 63, 3 (1990).

[14] G. Ecker, Chiral invariant renormalization of the pion-
nucleon interaction, Phys. Lett. B 336, 508 (1994).

[15] N. Fettes, U.-G. Meißner, and S. Steininger, Pion-nucleon
scattering in chiral perturbation theory (I): Isospin-symmet-
ric case, Nucl. Phys. A640, 199 (1998).

[16] U.-G. Meißner, G. Muller, and S. Steininger, Renormaliza-
tion of the chiral pion-nucleon Lagrangian beyond next-to-
leading order, Ann. Phys. (N.Y.) 279, 1 (2000).

[17] N. Fettes, U.-G. Meißner, M. Mojžiš, and S. Steininger, The
chiral effective pion nucleon Lagrangian of order p4, Ann.
Phys. (N.Y.) 283, 273 (2000).

[18] J. A. Oller, M. Verbeni, and J. Prades, Meson-baryon
effective chiral Lagrangians to Oðq3Þ, J. High Energy Phys.
09 (2006) 079.

[19] M. Frink and U.-G. Meißner, On the chiral effective meson-
baryon Lagrangian at third order, Eur. Phys. J. A 29, 255
(2006).

[20] S.-Z. Jiang, Q.-S. Chen, and Y.-R. Liu, Meson-baryon
effective chiral Lagrangians at order p4, Phys. Rev. D 95,
014012 (2017).

[21] T. R. Hemmert, B. R. Holstein, and J. Kambor, Heavy
baryon chiral perturbation theory with light deltas, J. Phys.
G 24, 1831 (1998).

[22] S.-Z. Jiang, Y.-R. Liu, and H.-Q. Wang, Chiral Lagrangian
with Δð1232Þ to one loop, Phys. Rev. D 97, 014002 (2018).

[23] E. Jenkins, Baryon masses in chiral perturbation theory,
Nucl. Phys. B368, 190 (1992).

[24] R. F. Lebed, Baryon decuplet mass relations in chiral
perturbation theory, Nucl. Phys. B430, 295 (1994).

TABLE VII. (Continued)

P
ðNf;4Þ
n SUð2Þ SUð3Þ P

ðNf;4Þ
n SUð2Þ SUð3Þ

ϵabcB̄a
dhbeμνf−dfλργ5γλDμρTA;n;cefν 72 306 iϵabcB̄a

dubeμ∇νχ−c
fγ5γνTA;n;defμ 210 598

ϵabcB̄a
dhbeμνf−efλργ5γμDνλTA;n;cdfρ 307 iϵabcB̄a

dubeμ∇νχ−d
fγ5γμTA;n;cefν 211 599

ϵabcB̄a
dhbeμνf−efλργ5γλDμνTA;n;cdfρ 308 iϵabcB̄a

dubeμ∇νχ−d
fγ5γνTA;n;cefμ 212 600

ϵabcB̄a
dhbeμνf−efλργ5γλDμρTA;n;cdfν 309 iϵabcB̄a

dubeμ∇νχ−e
fγ5γμTA;n;cdfν 601

ϵabcB̄a
dhefμνf−beλργ5γμDνλTA;n;cdfρ 310 iϵabcB̄a

dubeμ∇νχ−e
fγ5γνTA;n;cdfμ 602

ϵabcB̄a
dhefμνf−beλργ5γλDμνTA;n;cdfρ 311 iϵabcB̄a

duefμ∇νχ−beγ5γμTA;n;cdfν 603
ϵabcB̄a

dhefμνf−beλργ5γλDμρTA;n;cdfν 312 iϵabcB̄a
duefμ∇νχ−beγ5γνTA;n;cdfμ 604

ϵabcB̄a
dhbeμνhcfμλγ5γνTA;n;defλ 73 313 iϵabcB̄a

dubeμ∇νχ−;sγ5γμTA;n;cdeν 213 605
ϵabcB̄a

dhbeμνhdfμλγ5γνTA;n;cefλ 74 314 iϵabcB̄a
dubeμ∇νχ−;sγ5γνTA;n;cdeμ 214 606

ϵabcB̄a
dhbeμνhefμλγ5γνTA;n;cdfλ 315 ϵabcB̄a

dfþb
eμνχ−c

fDμTA;n;defν 215 607
ϵabcB̄a

dhbeμνhefμλγ5γλTA;n;cdfν 316 ϵabcB̄a
dfþb

eμνχ−d
fDμTA;n;cefν 216 608

ϵabcB̄a
dhbeμνhcfλργ5γμDνλTA;n;defρ 75 317 ϵabcB̄a

dfs;þμνχ−b
eDμTA;n;cdeν 217

ϵabcB̄a
dhbeμνhdfλργ5γμDνλTA;n;cefρ 76 318 ϵabcB̄a

dfþb
eμνχ−e

fDμTA;n;cdfν 609
ϵabcB̄a

dhbeμνhefλργ5γμDνλTA;n;cdfρ 319 ϵabcB̄a
dfþefμνχ−beDμTA;n;cdfν 610

ϵabcB̄a
dhbeμνhefλργ5γλDμνTA;n;cdfρ 320 ϵabcB̄a

dfþb
eμνχ−;sDμTA;n;cdeν 218 611

ϵabcB̄a
dubeμ∇μf−cfνλγ5γνTA;n;defλ 77 321

CHIRAL LAGRANGIANS WITH DECUPLET BARYONS TO … PHYS. REV. D 97, 054031 (2018)

054031-23

https://doi.org/10.1016/0378-4371(79)90223-1
https://doi.org/10.1016/0378-4371(79)90223-1
https://doi.org/10.1016/0003-4916(84)90242-2
https://doi.org/10.1016/0550-3213(85)90492-4
https://doi.org/10.1016/0550-3213(85)90492-4
https://doi.org/10.1016/0550-3213(88)90108-3
https://doi.org/10.1103/PhysRevD.53.315
https://doi.org/10.1103/PhysRevD.53.315
https://doi.org/10.1088/1126-6708/1999/02/020
http://arXiv.org/abs/0705.0576
https://doi.org/10.1103/PhysRevD.65.054033
https://doi.org/10.1007/s100520100887
https://doi.org/10.1007/s100520100887
https://doi.org/10.1088/1126-6708/2007/09/078
https://doi.org/10.1016/S0550-3213(97)00260-5
https://doi.org/10.1103/PhysRevD.89.074048
https://doi.org/10.1016/0370-2693(94)90565-7
https://doi.org/10.1016/S0375-9474(98)00452-7
https://doi.org/10.1006/aphy.1999.5919
https://doi.org/10.1006/aphy.2000.6059
https://doi.org/10.1006/aphy.2000.6059
https://doi.org/10.1088/1126-6708/2006/09/079
https://doi.org/10.1088/1126-6708/2006/09/079
https://doi.org/10.1140/epja/i2006-10105-x
https://doi.org/10.1140/epja/i2006-10105-x
https://doi.org/10.1103/PhysRevD.95.014012
https://doi.org/10.1103/PhysRevD.95.014012
https://doi.org/10.1088/0954-3899/24/10/003
https://doi.org/10.1088/0954-3899/24/10/003
https://doi.org/10.1103/PhysRevD.97.014002
https://doi.org/10.1016/0550-3213(92)90203-N
https://doi.org/10.1016/0550-3213(94)00375-0


[25] X.-L. Ren, L. Geng, J. Meng, and H. Toki, Virtual decuplet
effects on octet baryon masses in covariant baryon chiral
perturbation theory, Phys. Rev. D 87, 074001 (2013).

[26] X.-L. Ren, L.-S. Geng, and J. Meng, Decuplet baryon
masses in covariant baryon chiral perturbation theory, Phys.
Rev. D 89, 054034 (2014).

[27] E. E. Jenkins, M. Luke, A. V. Manohar, and M. J. Savage,
Chiral perturbation theory analysis of the baryon magnetic
moments, Phys. Lett. B 302, 482 (1993).

[28] L. S. Geng, J. M. Camalich, and M. J. V. Vacas, Leading-
order decuplet contributions to the baryon magnetic mo-
ments in chiral perturbation theory, Phys. Lett. B 676, 63
(2009).

[29] L. S. Geng, J. M. Camalich, and M. J. V. Vacas, Electro-
magnetic structure of the lowest-lying decuplet resonances
in covariant chiral perturbation theory, Phys. Rev. D 80,
034027 (2009).

[30] H.-S. Li, Z.-W. Liu, X.-L. Chen, W.-Z. Deng, and S.-L. Zhu,
Magnetic moments and electromagnetic form factors of the
decuplet baryons in chiral perturbation theory, Phys. Rev. D
95, 076001 (2017).

[31] Y.-R. Liu and S.-L. Zhu, Decuplet contribution to the
meson-baryon scattering lengths, Eur. Phys. J. C 52, 177
(2007).

[32] Z.-W. Liu, Y.-R. Liu, and S.-L. Zhu, Pseudoscalar meson
and decuplet baryon scattering lengths, Phys. Rev. D 83,
034004 (2011).

[33] M. N. Butler, M. J. Savage, and R. P. Springer, E2=M1
mixing ratio of Δ → Nγ and hyperon resonance radiative
decay, Phys. Lett. B 304, 353 (1993).

[34] H.-S. Li, Z.-W. Liu, X.-L. Chen, W.-Z. Deng, and S.-L. Zhu,
Decuplet to octet baryon transitions in chiral perturbation
theory, arXiv:1706.06458.

[35] D. Arndt and B. C. Tiburzi, Electromagnetic properties of
the baryon decuplet in quenched and partially quenched
chiral perturbation theory, Phys. Rev. D 68, 114503 (2003).

[36] D. Arndt and B. C. Tiburzi, Baryon decuplet to octet
electromagnetic transitions in quenched and partially
quenched chiral perturbation theory, Phys. Rev. D 69,
014501 (2004).

[37] B. C. Tiburzi and A. Walker-Loud, Decuplet baryon masses
in partially quenched chiral perturbation theory, Nucl. Phys.
A748, 513 (2005).

[38] J. Haidenbauer, S. Petschauer, N. Kaiser, U.-G. Meißner,
and W. Weise, Scattering of decuplet baryons in chiral
effective field theory, Eur. Phys. J. C 77, 760 (2017).

[39] E. Jenkins and A. V. Manohar, Chiral corrections to the
baryon axial currents, Phys. Lett. B 259, 353 (1991).

[40] H.-B. Tang and P. J. Ellis, Redundance of delta isobar
parameters in effective field theories, Phys. Lett. B 387,
9 (1996).

[41] W. Rarita and J. Schwinger, On a theory of particles with
half integral spin, Phys. Rev. 60, 61 (1941).

[42] P. A. Moldauer and K. M. Case, Properties of half-integral
spin Dirac-Fierz-Pauli particles, Phys. Rev. 102, 279 (1956).

[43] C. Fronsdal, On the theory of higher spin fields, Il Nuovo
Cimento 9, 416 (1958).

[44] A. Aurilia and H. Umezawa, Theory of high-spin fields,
Phys. Rev. 182, 1682 (1969).

[45] P. Van Nieuwenhuizen, Supergravity, Phys. Rep. 68, 189
(1981).

[46] H. T. Williams, Misconceptions regarding spin 3=2, Phys.
Rev. C 31, 2297 (1985).

[47] M. Benmerrouche, R. M. Davidson, and N. C.
Mukhopadhyay, Problems of describing spin 3=2 baryon
resonances in the effective Lagrangian theory, Phys. Rev. C
39, 2339 (1989).

[48] V. Pascalutsa, On the interaction of spin 3=2 particles,
arXiv:hep-ph/9412321.

[49] H. Haberzettl, Propagation of a massive spin-3=2 particle,
arXiv:nucl-th/9812043.

[50] T. Pilling, Symmetry of massive Rarita-Schwinger fields,
Int. J. Mod. Phys. A 20, 2715 (2005).

[51] A. E. Kaloshin and V. P. Lomov, Rarita-Schwinger field:
Dressing procedure and spin-parity of components, Phys.
At. Nucl. 69, 541 (2006).

[52] T. R. Hemmert, B. R. Holstein, and J. Kambor, Systematic
1=M expansion for spin 3=2 particles in baryon chiral
perturbation theory, Phys. Lett. B 395, 89 (1997).

[53] T. R. Hemmert, Ph.D. thesis, Massachusetts University,
Amherst, 1997.

[54] C. Hacker, N. Wies, J. Gegelia, and S. Scherer, Including the
Δð1232Þ resonance in baryon chiral perturbation theory,
Phys. Rev. C 72, 055203 (2005).

[55] H. Krebs, E. Epelbaum, and U. G. Meißner, Redundancy of
the off-shell parameters in chiral effective field theory with
explicit spin-3=2 degrees of freedom, Phys. Lett. B 683, 222
(2010).

[56] S. Scherer and M. R. Schindler, A Primer for Chiral
Perturbation Theory (Springer-Verlag, Berlin, 2012),
Vol. 830.

[57] S. Kamefuchi, L. O’Raifeartaigh, and A. Salam, Change of
variables and equivalence theorems in quantum field the-
ories, Nucl. Phys. 28, 529 (1961).

[58] L. M. Nath, B. Etemadi, and J. D. Kimel, Uniqueness of the
interaction involving spin 3=2 particles, Phys. Rev. D 3,
2153 (1971).

[59] V. I. Borodulin, R. N. Rogalyov, and S. R. Slabospitskii,
CORE 3.1 (COmpendium of RElations, Version 3.1),
arXiv:1702.08246.

[60] H.-S. Zong, F. Wang, and J.-L. Ping, The generalized Fierz
transformation and its application, Commun. Theor. Phys.
22, 479 (1994).

[61] M. Holmberg and S. Leupold, The relativistic chiral
Lagrangian for decuplet and octet baryons at next-to-leading
order, arXiv:1802.05168.

JIANG, LIU, WANG, and YANG PHYS. REV. D 97, 054031 (2018)

054031-24

https://doi.org/10.1103/PhysRevD.87.074001
https://doi.org/10.1103/PhysRevD.89.054034
https://doi.org/10.1103/PhysRevD.89.054034
https://doi.org/10.1016/0370-2693(93)90430-P
https://doi.org/10.1016/j.physletb.2009.04.061
https://doi.org/10.1016/j.physletb.2009.04.061
https://doi.org/10.1103/PhysRevD.80.034027
https://doi.org/10.1103/PhysRevD.80.034027
https://doi.org/10.1103/PhysRevD.95.076001
https://doi.org/10.1103/PhysRevD.95.076001
https://doi.org/10.1140/epjc/s10052-007-0348-x
https://doi.org/10.1140/epjc/s10052-007-0348-x
https://doi.org/10.1103/PhysRevD.83.034004
https://doi.org/10.1103/PhysRevD.83.034004
https://doi.org/10.1016/0370-2693(93)90308-5
http://arXiv.org/abs/1706.06458
https://doi.org/10.1103/PhysRevD.68.114503
https://doi.org/10.1103/PhysRevD.69.014501
https://doi.org/10.1103/PhysRevD.69.014501
https://doi.org/10.1016/j.nuclphysa.2004.11.012
https://doi.org/10.1016/j.nuclphysa.2004.11.012
https://doi.org/10.1140/epjc/s10052-017-5309-4
https://doi.org/10.1016/0370-2693(91)90840-M
https://doi.org/10.1016/0370-2693(96)00862-3
https://doi.org/10.1016/0370-2693(96)00862-3
https://doi.org/10.1103/PhysRev.60.61
https://doi.org/10.1103/PhysRev.102.279
https://doi.org/10.1007/BF02747684
https://doi.org/10.1007/BF02747684
https://doi.org/10.1103/PhysRev.182.1682
https://doi.org/10.1016/0370-1573(81)90157-5
https://doi.org/10.1016/0370-1573(81)90157-5
https://doi.org/10.1103/PhysRevC.31.2297
https://doi.org/10.1103/PhysRevC.31.2297
https://doi.org/10.1103/PhysRevC.39.2339
https://doi.org/10.1103/PhysRevC.39.2339
http://arXiv.org/abs/hep-ph/9412321
http://arXiv.org/abs/nucl-th/9812043
https://doi.org/10.1142/S0217751X05021300
https://doi.org/10.1134/S1063778806030161
https://doi.org/10.1134/S1063778806030161
https://doi.org/10.1016/S0370-2693(97)00049-X
https://doi.org/10.1103/PhysRevC.72.055203
https://doi.org/10.1016/j.physletb.2009.12.023
https://doi.org/10.1016/j.physletb.2009.12.023
https://doi.org/10.1016/0029-5582(61)90056-6
https://doi.org/10.1103/PhysRevD.3.2153
https://doi.org/10.1103/PhysRevD.3.2153
http://arXiv.org/abs/1702.08246
https://doi.org/10.1088/0253-6102/22/4/479
https://doi.org/10.1088/0253-6102/22/4/479
http://arXiv.org/abs/1802.05168

