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Chiral Lagrangians for singly heavy baryons to O(p*) order
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The chiral Lagrangians for singly heavy baryons are constructed up to the O(p*) order. The involved
baryons may be in a flavor antitriplet with spin 1/2, a flavor sextet with spin 1/2, or a flavor sextet with spin

3/2 when one considers three light flavors. For the relativistic version of Lagrangian, from O(p?) to O(p*),
there exist48, 199, and 1242 independent terms in the SU(2) case and 59, 307, and 2454 independent terms in
the SU(3) case, respectively. For the Lagrangian in the heavy-quark limit, from O(p?) to O(p*), the numbers
ofindependent terms are reduced to 16, 64, and 412 in the SU(2) case and to 17,88, and 714 in the SU(3) case,
respectively. We obtain the low-energy constant relations between the relativistic case and the heavy-quark

case up to the O(p?) order. The relations between low-energy constants of independent relativistic terms are
also presented up to this order by using the heavy-quark symmetry.
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I. INTRODUCTION

More than 40 years ago, evidence for the existence of the
charmed baryons A} and X+ was reported by several
experiments [1-4]. Later, more and more heavy baryons
were observed [5]. The theoretical study of these particles
directly from QCD is a formidable challenge because
of its highly nonperturbative nature. Until now, various
approaches compatible with QCD have been adopted in
the related studies [6], such as lattice QCD [7-10], QCD
sum rule [11-15], bag model [16,17], pion mean-field
approach [18], bound-state approach [19], chiral perturba-
tion theory (ChPT) [20-28], etc.

Of the theoretical methods, ChPTas a low-energy effective
field theory of QCD is a very useful tool in studying hadron
properties. In this theory, Goldstone bosons generated from
the spontaneous breaking of chiral symmetry are taken as the
lowest pseudoscalar mesons [29-31]. For an effective theory,
the physics is usually described by a Lagrangian focusing
only on the low-energy degrees of freedom below some
scale. The high-energy degrees of freedom are integrated out,
and their effects are usually encoded in the theory parameters.
In this sense, ChPT describes only physics in the energy
region below the chiral symmetry-breaking scale A,. As the
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first step to establish the framework of ChPT, constructing
effective Lagrangian containing necessary fields is essential.
What one needs to restrict the terms in the theory is just the
consideration of QCD symmetries. Picking up the indepen-
dent interaction operators O;’s, one may write the
Lagrangian as a sum £ = ), ¢;0;. Here, the parameters
¢;’s are the coupling constants or low-energy constants
(LECs). The effects of high-energy particles and the details
of short-range QCD interactions are hidden in these param-
eters. With the chiral Lagrangian involving singly heavy
baryons, one can study a range of problems, such as the
strong CP violation [32], the properties of singly heavy
baryons including magnetic moment [27,28], mass [33-36],
and decay [37-39], etc.

In general, the number of terms satisfying all possible
QCD symmetries are infinite, but not all of them give
important contributions to the considered matrix element.
Since the pion momentum p is a small quantity compared
to A,, p/A, is taken to be the expansion parameter in
ChPT, and the Lagrangian and matrix element are usually
organized order by order with this parameter. Whether the
contribution from a term is important or not relies on its
chiral order. In principle, a chirally perturbative calculation
involving high-order terms is better than that using only
low-order terms. However, higher order implies more
LECs. The determination of such LECs is one of the
greatest difficulties in the application of ChPT. For ChPT
with heavy-quark baryons, it is possible to reduce the
number of independent LECs to a certain extent by finding
out LEC relations with the heavy-quark symmetry.

The quark component of singly heavy baryons is Qqq
(Q =c, b; g =u,d, s). By treating the heavy quark as a
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singlet, such a baryon belongs to a 3 or 6 representation in the
flavor SU(3) group. The spins of the light diquark in 3 and 6
are 0 and 1, respectively, because of the requirement from the
Pauli principle. Combining with the heavy-quark spin, one
gets a spin—% antitriplet, a spin—% sextet, and a spin-% sextet.
In the limit that the heavy-quark mass goes to infinity,
mg — oo, there is a heavy-quark spin symmetry [20,40-42]
which says that the heavy-quark spin does not affect the
baryon dynamics and, thus, the two sextets are degenerate.
With this approximate symmetry, the number of LECs will be
reduced to a much smaller value [21,27,28,43].

Until now, chiral Lagrangians with nucleons [44], octet
baryons [45-47], A(1232) [48], decuplet baryons [49,50],
heavy-light mesons [51], and doubly charmed baryons
[52,53] have been obtained up to the O(p*) order.
However, only the lowest order and a part of incomplete
high-order chiral Lagrangian with singly heavy baryons
have been constructed [21,27,28]. In all these versions of
ChPT, the two-loop contributions to amplitudes start to
enter at the O(p°) order. For considerations to complete the
necessary ingredient of one-loop level investigations, to
check convergence of chiral expansion better, to motivate
future LEC studies, and so on, here we would like to
construct relativistic chiral Lagrangians with singly heavy
baryons up to the O(p*) order. In principle, when one
determines the values of LECs from experimental data, all
the operators should be independent. Otherwise, overfitting
would appear. The Lagrangians given in the present study
will be complete, and the terms will be independent.
Moreover, the Lagrangian in the heavy-quark limit will
also be constructed. It will be used to find out LEC relations
with the heavy-quark symmetry.

This paper is organized as follows. In Sec. II, the
building blocks and multiplets of singly heavy baryons
are introduced. In Sec. III, the structures of chiral
Lagrangians, properties of building blocks, and some linear
relations are presented. Section IV shows the method to
obtain LEC relations with the heavy-quark symmetry.
Section V is for the results and discussions. A brief
summary is given in Sec. VI.

I1. BUILDING BLOCKS FOR
LAGRANGIAN CONSTRUCTION

This section collects the basic building blocks in con-
structing the chirally invariant terms. Their basic properties
are given directly. One can find more details about them in
Refs. [20,21,30,31,42,47-49,51,54-62].

A. Goldstone bosons dynamics and external sources

The QCD Lagrangian with light quarks coupling to
external sources reads

L = Lcp + qr'(v, +vsa)q +qliysp = s)g, (1)

where £%CD is the original QCD Lagrangian in the chiral
limit, g denotes the light-quark field, and v,, a,, s, and p
are vector, axial-vector, scalar, and pseudoscalar sources,
respectively. In order to consider the electroweak inter-
actions, v* is taken to be traceable in the flavor space, i.e.,
(v*) # 0, in the relativistic case. When the heavy-quark
limit is considered, we take (v*) #0 in the two-flavor
(N =2) case and (v#) = 0 in the three-flavor (N, = 3)
case. For the axial-vector source a*, it is always taken to be
traceless. We do not consider the tensor external source
[62] and the strong CP violation term in this paper.

The mesonic field # denotes the nonlinear representation
for the pseudoscalar Goldstone bosons which are generated
from the spontaneous breaking of the chiral symmetry
SU(N); x SU(N) into the vector symmetry SU(N)y.
Under the g; x g chiral rotation, one has

u — gruht = hug, (2)
where & is a compensator field related to the pion fields.

For convenience, we choose the following building
blocks to construct chiral Lagrangians [44,47—49,51]:

w = i{u (" —ir')u — u(o" — il*)u'}, (3)
yr=uyu" £uytu, (4)

W = Vru¥ + Viu, (5)

= uFu + ut FRu, (6)

Y =uFu’ — u' FlYu = =Vrur + Vet (7)
where = vt +a*, IF=v"—a", y=2By(s+ip),
Fi = o0'r" = —i[r*, r¥], Fy = o'l" —o"I — i[l*, 1],
and B, is a parameter related to the quark condensate.

The advantage to use such notations is that the chiral
rotation of an arbitrary building block X is

X - X' = hXh'. (8)
The covariant derivative of X reads

VAX = 0X + [, X], 9)

g :%{Lﬁ(d“—ir")u—l—u(é”—il”)udf}. (10)

B. Singly heavy baryons

For the singly heavy baryon Qg¢gq, the formed antitriplet
(sextet) is antisymmetric (symmetric) in flavor space for
the exchange of the two light quarks. One can put all the
involved ground baryon fields into three matrices [21,43]:
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=+1/2
0 Ao Ep
By=| -A, 0 5,7,
=t+1/2 —1/2 0
+1 1 50 1 =12
2Q \/izQ V20
1 50 -1 1 =-1/2
B = ﬁEQ ZQ Wikt )
1 om/2 1 =12 Q
V20 V20
*+1 1 50 1 o=xt1/2
ZQ \/EZQ N
o 1 0 x—1 1 x=1/2
Bi = WZ*Q ZQ 720 , (11)
1 =/x+1/2

—lx—1/2 *
Neiat? 7320 ! 2
where B3 g (By) is for spin-1/2 (spin-3/2) baryons and the
superscripts £1, 0, and +1/2 denote the z components of
the isospin. In the two-flavor case, only the upper left 2 x 2
matrices are considered.

The chiral transformations for these singly-heavy-baryon
fields are

B — B' = hBh', (12)

B — B' = h*Bh", (13)

where B = Bj3, Bg, or B;. The covariant derivative for B is
D,B=0,B+T,B+BI}. (14)

If more than one covariant derivative acts on B, a totally
symmetrical form is defined:

1
DHP =—(D'D" ... D’ +full permutation of D’s).  (15)
n! ——

Any antisymmetrical derivative is related to the higher-
order contributions [44].

L= Lpp; + Loy, + Lp, + Losn, + Lop; + Lo,

The two sextets Bg and By have the same light degree of
freedom. In the heavy-quark limit m, — oo, they are
degenerate, and one usually puts Bg and B¢ baryons into a
superfield y# to reflect the heavy-quark spin symmetry.
In the literature, there are different relative phases between
Bg and B in the definition of y*. Here, we choose to use
[28,28,63,64]

. 1
y" = B¢ - \/;(7” + v")y5Bg,
s 1
¥ = B¢ + \/;8675(7” +vt), (16)

where v# with v? = 1 is the velocity of heavy baryons [65].
Since the superfield describes baryons in the nonrelativistic
case, it contains only the annihilation operators. Usually, the
velocity-related superfield is marked by a subscript v, i.€., y/%.
In this paper, we do not show it explicitly. Under the chiral
rotation, the behaviors for y#* and * are the same as the
baryon field B and B, respectively. In the heavy-quark limit,
the superfield satisfies the relations

put =y, vy, =0. (17)

III. CONSTRUCTION OF THE CHIRAL
LAGRANGIAN FOR SINGLY HEAVY BARYONS

In this section, we introduce the method of constructing
the singly-heavy-baryon chiral Lagrangian. First, we show
the basic structures of the considered Lagrangian. Second,
we present the transformation properties of building blocks,
such as parity (P), charge conjugation (C), and Hermiticity
(H.c.). Finally, we give a short description for the linear
relations which are used to remove dependent terms.

A. Structures of chiral Lagrangians

Since singly heavy baryons form three types of fields,
B3, Bg, and B, the relativistic chiral Lagrangian has six
different parts:

= C,({(B;0TDB3Q") + He.) + Y C,((BOTDBsQ") + Hee.) + Y C,((B;OTDB;Q") + H.c.)

m

q

where the Lorentz indices are omitted, C, ,, , ., are the
LECs, and (- - -) denotes the trace in the flavor space. In a
Lagrangian term, I" denotes an element in the Clifford
algebra, O and Q represent all possible combinations of the

p

+3 C,((B;0TDBsQ") + He.) + Y C,((B;0TDB;Q") + He) + > C,((BeOTDB;Q") + He),  (18)

|
building blocks, and H.c. means Hermitian conjugate. In
the first three parts of the Lagrangian, we use a convention
that the covariant derivative D (when it appears) acts only
on the right baryon fields B;, B¢, and Bj. If a term is
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Hermitian, the H.c. of that term is not needed. In the last
three parts of the Lagrangian, the H.c. of a term is always
needed, and we use a convention that the covariant
derivative D (when it appears) acts on B3, Bg, or Bg in
that term and on B3, Bg, or B in H.c. of that term. With
such a convention, all the LECs are real. We do not show
the kinetic terms in the above Lagrangian. They will be
given in the leading-order Lagrangian [Eq. (30)].

In the heavy-quark limit, one has two mass terms
M3(B3Bs) and Mg (y*y,). The first term can be removed
by scaling the baryon fields with the factor e~"*37* Then the
covariant derivatives acting on the matter fields B3 and y*
become D¥ By = —iM3v* B3 and D*y" = —iMgv"y", respec-
tively. Since the heavy-quark spin has no impact on the
baryon dynamics and the light diquark has integer spin,
the heavy-quark symmetry imposes a constraint on the
Lagrangian which says that the Clifford algebra element
in each term can be only a unit matrix. Therefore, the
structures of the chiral Lagrangian in the heavy-quark
limit are

L= ‘63533 + ‘CB,W/ + Ly
= D,,({B;0vB;Q") + H.c.)

+> D, ((B;0vyQ") + H.c)

+Y D, ((FOwy Q") + He.), (19)

where D, ,,, , are the relevant LECs. Other symbols are the
same as those in Eq. (18) except for » which just means
possible velocities from the covariant derivatives acting on
baryons. The kinetic terms are also omitted, and they are
given in the following Eq. (31).

B. Properties of building blocks

According to the basic idea to establish an effective field
theory, the Lagrangians in Eqgs. (18) and (19) should satisfy
all the QCD symmetries, i.e., Lorentz symmetry, chiral
symmetry, parity symmetry (P), charge conjugation sym-
metry (C), and time-reversal symmetry (7). With the building
blocks discussed in Sec. IL A, it is easy to obtain operators
satisfying both Lorentz symmetry and chiral symmetry. One
also needs to know the properties of building blocks in other
symmetries. Because of the CPT theorem which says that a
local theory is invariant under the combination of CPT
operations if it is Hermitian and Lorentz invariant, one may
consider only P and C behaviors of the operators in ChPT.
The T invariance of the Lagrangian is automatically guar-
anteed by the CP invariance.

In Table I, we list the P parity, charge conjugation,
Hermiticity, and chiral dimensions (dim) of the building
blocks defined in Sec. II A. In Table II, the properties of
Clifford algebra, Levi-Civita tensor, covariant derivative

TABLE I.  Chiral dimension (dim), parity (P), charge conjuga-

tion (C), and Hermiticity (H.c.) of the building blocks.
Dimension P C Hermiticity

u# 1 —u, (u")T u

hH 2 —hy, ()T h*

X+ 2 trs ()" trs

IE 2 How T ) I

TABLE II. Chiral dimension (dim), parity (P), charge con-

jugation (C), and Hermiticity (H.c.) of the Clifford algebra
elements, Levi-Civita tensor, covariant derivative acting on
baryons, and velocity of baryons. The subscripts BB and BB’
are explained in the text.

Dimension PBB CBB H'C'BB PBB/ CBB' H'C'BB’

+
+
+

75

yﬂ
ysr¥
oM
i
DH
oM

SO OO oo —~O
A+
L+t
ot
A
L+ + 1+ 1+ +
R

acting on baryons, and velocity of heavy baryons are shown.
We use subscript BB to denote terms in the Lagrangians
Lp:;> Lpopgs Lp:p:» and Ly, while BB’ to denote those in
Lp.p,» EBEB;, ﬁBngv and Lg,,. Only signs after trans-
formations are displayed. We give some explanations about
the sign assignment by noting that the parity transformations
for spin—% and spin—% fields are different [66] and the final
Lagrangian should have the structures shown in Eq. (18) or
(19). For convenience, we use the same sign for Pz and Pyp
for D¥ and »* but compensate a minus sign in Pgp for
Clifford algebra and &/, An exception is the sign assign-
ment for parity transformation for L. p . It is taken to be the
same as Lgp, but not Lpp, since both B3 and Bg contain only
spin—% fields. For charge conjugation and Hermiticity, the
signs for D are different between Lzp and Lgp because of
the convention adopted in Eqgs. (18) and (19).

C. Linear relations

With the above recipes, terms satisfying all the sym-
metries can be obtained. However, these terms are not
completely independent. There are linear relations restrict-
ing the constructed terms to a minimal set. They include
equations of motions, Schouten identity, SU(2) and SU(3)
Cayley-Hamilton relations, Bianchi identity, and relations
about derivatives. Such relations are very similar to those
for the doubly charmed baryons [53], and we do not repeat
them here. The details about them have been discussed
widely [21,30,31,44,47,48,48,49,54-57,67,68]. However,
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now we need to consider one more relation, because the
flavor multiplets of baryons are different.

The baryon antitriplet is represented by an antisymmetric
matrix B3, and the two baryon sextets are represented by
two symmetric matrices By and Bg. In an equation form,
one has

T _ _p. GNT _ p(*)
B; = —Bj, (Bg')' =B . (20)
Noticing further that the trace of a matrix is equal to the
trace of its transpose, one may get a new relation

(BOTB'QT) = 535, (BOTB'OT), (21)

where B") can be B3, Bg, or B{, 650 = —1 for B3, and
oz = 1 for Bg and Bg.

All the nonindependent chiral-invariant terms can be
eliminated with the linear relations. To do that, we adopt a

programmatic approach which is almost the same as those
used in Refs. [47,48,68]. The details can be found there.

IV. LEC RELATIONS IN THE
HEAVY-QUARK LIMIT

In the heavy-quark limit, not all terms in the relativistic
chiral Lagrangian are independent. The heavy-quark sym-
metry leads to some relations between the relativistic LECs.
Considering the fact that one covariant derivative acting
on the baryon field gives one mass scale, we revise the
dimensions of operators and LECs in Eq. (18) with the new
definitions

0, =0,/M", C,=C,M", (22)
where m is the number of covariant derivatives acting on the
baryon field and M = M5. Similar to the chiral perturbation
theory with explicit A(1232) baryons [66], where the mass
difference (m, — my) is treated as the same order as the pion
momentum, we here also take (Mg — M3) ~ O(p!). With the
redefined symbols, the dimensions of LECs C,, at the O(p")
order are all (1 — n). The Lagrangians at the order O(p™) can
then be written as

rm) — chlm) 0£m> _ ZCSEM)OSIM)’

n

£ =3"eMol™ = 3 e,

n

N;=3, (23)

Ny=2,  (24)

Lo =S "D"P, Ny =3, (25)

Log=>"d"p".  Ny=2. (26)

We discussed two methods to get the relations between
LEC:s for heavy-light mesons in Ref. [51]. Here, we adopt a
method similar to the second one there, i.e., changing the
heavy-quark form to the relativistic form. Substituting
Eq. (16) into Eq. (19), one has

vty , — —7§B67/SD”BGD + 7§B67/57”Bﬁu

i 1 - 1 _
+—=B¢"ysD,Bs +—=Bg"ys7,Bs — ggﬂyBsBs

V3 V3
1. i- _
~3BeD*,Bo + 5 Bo By + BBy, (27)
_ i - 1 - =
By — 7§B§75D”BG + %3375}’”36 +B3Bgt.  (28)

To find LEC relations, we change the forms of O(p™) order
chiral Lagrangians to be

L) ~ ZC‘kOk = ZCkaiAi’
k ki

L ~S"DiP =S DY A, (29)
Ji Li

where A;’s are possible terms maintaining all the QCD
symmetries, but they do not need to be independent.
The number of A;’s is larger than those of O,’s and
P;’s, and the number of O, ’s is larger than that of P,’s. X
and Y are the coefficient matrices. Using all linear relations
mentioned in Sec. III C, one may pick up the independent
O,’s in the heavy-quark limit via linear algebra. Then the
remaining number of O,’s is equal to that of P,’s. The
relations between C‘k’s and D;’s and, thus, the relations
among C,’s can be obtained.

V. RESULTS AND DISCUSSIONS
A. O(p') and O(p?) orders

The lowest-order relativistic chiral Lagrangian is [21]

- 1 = Tk . * .
LU = (Be(iD — mg)Bg) + 5 (B3 (iD = m3)Bs) + (By'[=g,, (iD = mg) + i(y,D, +7,D,)

— 1,(iD + mg)y,|Bg") + 91 ((Bgu'ysy,Be) + H.c.) + g,((Bsu*ysy,Bs) + H.c.) + g3((Beu"Bg,) + H.c.)
+ 94((Bsu*Bg,) + H.c.) + gs(B¢ u"ysy,Bg,) + g6(B3u'ysy,B3). (30)
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In the heavy-quark limit, the Lagrangian is [43,69]

i o ]
L = 5 (Bsv- DBs) = i{"v - Dyy,) + (Mg = M)('w,,)

+ l.d1€”w1/,<l/_lﬂl)yuﬂl//p> + d,((¥*u,B3) + H.c.).
(31)

With the heavy-quark symmetry, the relations between
LECs in £V and those in L(Hl()) are

TABLE III.

_2, o
_31’ g3_\/§

1
:——d s :d,
9 \/§ 2 9a 2

dy, gs = —dy,
96 = 0. (32)

These results are valid in both two- and three-flavor cases.

The relativistic chirally invariant terms at the O(p?) order
are shown in Table III. The second and fifth columns label
the number for terms in the two- and three-flavor cases,
respectively. The third and sixth columns give the relations

Independent terms in the relativistic Lagrangian at the O(p?) order. Columns 3 and 6 list

the LEC relations between the relativistic case and the heavy-quark case. Columns 4 and 7 show the LEC
relations between different terms in the relativistic case by using the heavy-quark symmetry. In these two columns,
“I” means that we choose the term as an independent one when employing the heavy-quark symmetry. In columns 3,
4, 6, and 7, the LEC relations marked by “*” are given in Eqs. (33)—(36), respectively. “0” means that the LECs in

the heavy-quark limit vanish. - -
relativistic case.

- means that the LEC in the heavy-quark case vanishes or is equal to that in the

0, SU(2) &Y &7 SU@3) ¢ ¢

(Byu'u,Bs) 1 1

(B}M”M”DWB§> 2 2

i(_Bgu”u”a,wB3> 3 3

<B§M”B§MT”> 4 4

(Bsut D, Byu”,) 5 5

(B3Bs)(uuy) 6

(B3 D" Bs) (u,uy) 7

(Béf+”b_‘7 Bs) 6 8

(f+"*)(B30,,B3) 7 9

(B3x 1 B3) 8 10

0{+><3333> 9 11

(Bou' u, Bg) 10 * I 12 * I

<B_6uﬂuDD/wB6> 11 * 1 13 * I

i<_B6ulluV6/4bB6> 12 * I 14 * I

(Bgu*Bgu” ) 13 * I 15 * I

(Bgu"D,*Bgu” ) 14 * I 16 * I

(BgBg) (1 u,) 17 * I

<B6DMDBG><M;1MD> 18 * I

<Bﬁf+”y6,ubB6> 15 _%d(li) I 19 _%Dgzs) I

(f ") (B66,,Bs) 16 —14? I 20 0 0

(Bex 1 Be) 17 —dY I 21 _p® I
B ) @)

({+> (BsBs) 18 —dig [ 22 -D}5 I

(B'u,u"B;,) 19 42 I 23 p? I

(Bgu"u,Bg,) 20 pid * 24 P o

(Bg”u”u,ngﬁ 21 déZ) * 25 Dgz) #

(Bi#uu’D,;Bg,) 22 —d? * 26 _p® *

(Bgtu,Bg*u” ) +H.c. 23 d®? I 27 DY I

(Bgu'Bg,u',) 24 i * 28 p® *

(Table continued)
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TABLE III. (Continued)

0, SU(2) e? &P SU(®3) ) ¢
(BituD, B u’;) 25 —d? ¥ 29 -p? *
(B¢ Bg,)(u'u,) + He. 30 p? I
(Bg#Bg ) (u,u,) + H.c. 31 D§23> *
(Bg# DY By,) (u,u;) + Hee. 32 _p *
i(Bg"f 1" B,) 26 d?) -3¢ 33 DY Yol
i(f")(Bg,Bg,) 27 d?) -3¢ 34 0 0
(Bi'x.B;,) 28 a2 @ 35 p? &R
(x+)(Bg"Bg,) 29 d\ —& 36 D ois
(Bsutu,Bg) + H.c. 30 0 0 37 0 0
(Bsu*u*D,,Bs) + H.c. 31 0 0 38 0 0
i(Bsu'u’c,,Bs) + H.c. 32 -3 d? I 39 — 3 p? I
i(Bsu's,*Beu”,) + H.c. 33 _ @ d? I 40 -4 p? I
(B3Bg)(u'u,) + H.c. 41 0 0
(BsD*Bg)(u,u,) + H.c. 42 0 0
(Bsf_"ysy,D,Bg) + H.c. 34 3 ) I 43 Sp) I
(B5f *0,,Bs) + H.c. 35 —T3d§2> I 44 —730512> I
(f#)(B30,,Bs) + H.c. 36 Ry I 45 0 0
(Bsy.Bg) + H.c. 37 0 0 46 0 0
{y.)(B3Bg) + H.c. 38 0 0 47 0 0
(Bsu'u*ysy,Bg,) + He. 39 d? -3l 48 D ~V3cy
(Bsu'u*ysy,Bj,) + H.c. 40 —d? V3l 49 -p? V3Cy)
(Bsu'ysy,Bg'u’,) + H.c. 41 245 ~2/3¢) 50 2Dy ~2\/3C5)
(uu >(B§y5yﬂBgy> 4+ H.c. 51 0 0
i(Bsf*7sr,Bg,) + He. 42 24 2/3¢ 52 —2p{? 2V3CY
i(f")(BsrsruBg,) + H.c. 43 24 2/3¢) 53 0 0
(Bou'u*ysy,B,) + H.c. 44 ) By 54 Bpl) LD
(Bﬁu”u”ysbeg”> +H.c. 45 @dg) * 55 QD?) *
(Bgu!ysy,Bg*u",) + H.c. 46 @ d(lf)) vE gg) 56 @D(()z) 3 6(227)
(u”u”)(36y5yﬂng> + H.c. 57 ?D(é) *
i(Bof " 7sy.B,) +Hu. 47 NEpiS) ~3ed 58 Lp ~/3E
i(f #)(Bersy,B,) + H.c. 48 42 ~3e? 59 0 0
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TABLE IV. Independent Lagrangian terms in the heavy-quark limit at the O(p?) order.
P, SU(2) SU(3) P, SU(2) SU(3)
i€ (B, u,v,y,) 1 1 (pruty,u’ ) 11 10
i€ (B, v, 2 2 (v, vy 12 1
i(Bsf " v,p,) 3 3 (W) () 12
(B3 f L 0a) 4 4 @y (w,u,) 13
Mwlp<f+/w><B§U/W/ﬂ> 5 <_”1}"U}“l///4><ubu2> 14
(W u,uty,) 6 5 i f ) 13 15
<l//yu uﬂl//l/> 7 6 l'<f+/”><l/_/”l//,,> 14
(e, 8 7 7wy 15 16
(" uutv vm) 9 8 )y, 16 17
@ uptu’ ) 10 9
between relativistic LECs and the LECs in the heavy-quark
limit. The fourth and seventh columns give the constraints for @%) _ 1 p¥ _ 1 Dé2> _ D§2)’
the relativistic LECs with the heavy-quark symmetry, where 370 3
the independent ones are marked by “1.” Long LEC relations e _ 1 p?_tp® . p
are marked by “*” and those in the columns 3, 4, 6, and 7 are 13 375 3 8
Qisplayed explic.itly in the follovying Egs. .(33)—(36), respec- -0 1 o 1 @
tively. Table IV lists the Lagrangian terms in the heavy-quark Cy = §D5 - §D6 )
limit. The L p, terms are almost the same as those in 2
Table 111, except that terms containing y matrices vanish now. C 52; =3 Dé2) - D%),
Therefore, we do not show Lp p. terms explicitly in this )
table. Table III does not give the LEC relations about Cg? = __Dgz) + Dﬁ),
Lp,p,. either. A part of O(p?) Lagrangians are given in 3
Refs. [21,28,70], which is consistent with ours. C§27) = _D(lzz) — % D(lzg),
~(2) 1o 1 1
——d;’ —=d , 2 2 2
‘10 376 3 C58> = __Dg3) + D(14)
1 1
ey = -3¢ -5 +d.
2 _ Lo 1,
12 = 37% 7 . .
£ &5 = -ae + &,
ey = =3 dig —dy) @ _2z0
~(2 2) |, A2 (2
; ¢ =-¢ + ¢} - 3C:
~(2) (2)
¢y =—3dyp +d (33) ~(2 2 ) 20
e e = -c v e 28
Cyy = =3¢, +C _ _ 2
2 _ 2@ =0 G = ~Ci =565,
Gy = —Cg TCpp ~2 o 220
~(2) ~2) | (2 C<29) = _C(16) - §C§7>’
2 =TT ~(2) Q) _ 270
G3) = =30y = 3Gy,
=0 _ -2 _ 2.0 i .
o5 = -3 e - o -+
-0 _ 0 _ 2.0 i i 3
SR cg? ——vae + e
5(25) = —\/§E(122) + (34) \/_C17 - ‘[Cso)
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B. O(p®) and O(p*) orders

The O(p?) and O(p*) order results are very long. We give
them in Appendixes. Table VI in Appendix A lists the
relativistic terms at the O(p?) order. The contents are similar
to Table I1I. When the obtained LEC relations are not simple,
we show them in Egs. (A1)—(A4). In Table VII, we collect
the heavy-quark Lagrangian terms at the order O(p?). The
O(p*) relativistic terms are given in Table VIII in
Appendix B. For the Lagrangian in the heavy-quark limit,
Table IX displays its independent terms. In the present study,
we do not consider the LEC relations at the O(p*) order
because of the large number of terms and the computational
conditions. We only mark the independent relativistic terms
in columns 3, 5, 8, and 10 in Table VIII when employing the
heavy-quark symmetry. The contact terms appear at this
order, and they are placed at the end of each part of interaction
terms in Egs. (18) and (19).

C. Discussions

Comparing chiral Lagrangians for different baryons, one
can find some similar structures. This may help us to check
the results from some sides. B3 and By differ only in the
transposition property of matrices. The structures of Lp. p.
and Lp g, should be similar for both two- and three-flavor
cases. One may confirm this from the obtained interaction
terms. The existence of transposed building blocks in part of
interaction terms is a key characteristic of the singly-heavy-
baryon Lagrangians. Excluding such terms, one finds that
the two-flavor Lagrangians L. p. p p, and the pion-nucleon
Lagrangian [44] have the same number of independent
structures. If appropriate combinations of terms are adopted,
similar structures in these two cases may be further observed.
In Ref. [53], we obtained chiral Lagrangians with doubly
charmed baryons. Up to the O(p?) order (for both two- and
three-flavor cases), still excluding the terms with transposed
building blocks, one finds that the structures in Lg. g, p 5,
63232, and ﬁBgB;.,BﬁBg are similar to those in Lzp, L7, and
L pr, respectively, where B (T) denotes spin-4 (spin-3) doubly
charmed baryon fields. For the SU(2) or SU(3) Lagrangians
Lp, B: and 5353;’ the same structures are found up to the

O(p?) order. At the O(p*) order, however, the feature of
same structure is not always true, because the symmetries of
baryons are different [see Eq. (20)].

We chose the definition of the superfield [Eq. (16)] in
Refs. [28,63,64]. A different choice of phase between Bg

and B; may be found in the literature. It affects LEC
relations involving terms in L., Lp, B> and Lpg, p; but
does not affect forms of obtained results and any physics.

VI. SUMMARY AND OUTLOOK

In this paper, we construct the relativistic chiral
Lagrangians for singly heavy baryons to the O(p*) order,
including both SU(2) and SU(3) cases. The chiral
Lagrangians in the heavy-quark limit are also obtained
to this order. We collect the numbers of independent terms
at each order in Table V. Using the heavy-quark symmetry,
one finds that the number of independent LECs could be
reduced to about 1/3 of its original value. This symmetry
may partly solve the problem that unknown LECs at high
orders would affect the applications of ChPT. In the present
study, we obtain LEC relations between the relativistic case
and the heavy-quark-limit case up to the third chiral order.
The relations among independent and nonindependent
relativistic LECs are also obtained.

The studies of magnetic moments [27,28] and radiative
decays [39] of singly heavy baryons have involved the
O(p*) order chiral Lagrangians. Now, with this order
Lagrangians constructed here, one may check whether
the adopted operators in these references are complete.
Of course, the newly constructed Lagrangians can also
serve for future studies of other quantities to the fourth
chiral order which can help us to understand the con-
vergence and power counting problem better. A natural
question about LEC determination follows such studies.
Although the number of independent O(p*) order terms
and LECs is very large, not all of them are needed in the
study of a special problem. From the experience of high-
order chiral studies, only several LECs or several LEC
combinations are usually involved. One may turn to various
theoretical methods (e.g., quark model, large N, and lattice
QCD) to determine or constrain their values in the case that
available experimental data are not enough.

In fact, the complete Lagrangians may motivate future
studies of LEC determinations or LEC relations. At the
leading order, the LECs can be determined with the quark
model or other methods [21,28,71,72]. At higher orders,
however, only few results have been obtained [28,36,39].
Since the numbers of LECs are significantly increased for
high-order terms, theoretical methods to study LECs in a
systematic way are welcome. In Ref. [73], an analytical
method was adopted to calculate the LECs for mesonic

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

Relativistic case

Heavy-quark case

Chiral order O(ph) O(p?) O(p?) O(p*) O(p") O(p?) O(p?) O(p*)
SU(2) 6 48 199 1242 2 16 64 412
SU(3) 6 59 307 2454 2 17 88 714

014027-9
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chiral Lagrangians. A possible method in the present case
would also be developed in future with complete and
independent Lagrangians. In Refs. [74,75], we prelimi-
narily studied the LEC relations with the help of chiral
quark model up to the third chiral order, which is based on
operator correspondences. In principle, such a study can
be extended to any chiral order, but it needs complete
Lagrangians and independent terms.

The explicit high-order Lagrangians are also helpful to
improve methods to analyze the structure of chiral
effective theories. It is a natural problem in ChPT how
many independent structures are at a given chiral order.
In the mesonic case, the authors of Ref. [76] obtained
total numbers of independent terms in the chiral

TABLE VI

Independent terms in the relativistic Lagrangian at the O(p

Lagrangian at different orders with the help of Hilbert
series techniques. They validated the results with concrete
Lagrangians. Once the study in the meson-baryon case is
performed, the Lagrangian constructed here would be also
helpful.
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APPENDIX A: O(p®) ORDER RESULTS

3) order. Columns 3 and 6 list the LEC

relations between the relativistic case and the heavy-quark case. Columns 4 and 7 show the LEC relations between
different terms in the relativistic case by using the heavy-quark symmetry. In these two columns, “I” means that we
choose the term as an independent one when employing the heavy-quark symmetry. In columns 3, 4, 6, and 7, the
LEC relations marked by “*” are given in Egs. (A1), (A2), (A3), and (A4), respectively, in this Appendix. “0” means

that the LECs in the heavy-quark limit vanish. - - -”
to that in the relativistic case.

means that the LEC in the heavy-quark case vanishes or is equal

0, SU(2) s &2 SU(3) c ¢y
(Bsu*u,u’ysy,Bs) + H.c. 1 1
<Bi””” umnBQ 2 2
(Bsu!u*u'ysy,D,;B5) + H.c. 3 3
<B§”””D“l}’57uDMB§> 4 4
(Bsutu,ysy*Bsu” ) 5
(Bsutu*ysy,Bsu”,) + H.c. 6
(Bsu'u’ysy,D,*Bsu’;) + H.c. 7
(Bsu'u'ysy*D,,Bsu ) 8
(Bsysy* Bs) (u,u”u,) 9
(Bsysy D Bs) (u,u,uy) 10
(u'u,)(Bsuysy,Bs) 11
(uw'u”)(Bsu*ysy, Dy, B3) 12
6””’1”<Bguﬂu,,uleBg> 5 13
e‘/‘”’ll’<B§uﬂu,,DiBguTﬂ) 14
e (B3D, B) (u, uyu,) 15
(Bsu*f_,*D,B3) + H.c. 16
i(Byw'f_*c,,D,;B3) + H.c. 8 17
i(Bsu"f_“*6,,D,B3) + H.c. 13
(Bsu"h,”D,B5) + H.c. 10 19
(B3u"h*D,,;B3) + H.c. 11 20
i(Bsu"h**c,,D,;B3) + H.c. 12 21
l<33””0 ”DlBsf—uﬁ 13 22
i(Bsu'c"*D,B3fT ;) 14 23
i(u' f_**)(B30,,D,;Bs3) 24
i(u'f_ M><Bzf’w1D Bj) 25

(Table continued)
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TABLE VL. (Continued)

On SU(2) & &y SU(3) ¢ o

i<uMhM><B§6ﬂvDiBﬁ> 26

<B§vﬂf—uy}/57y33> 15 RN A 27

i(Bsf *u,ysy,Bs) + H.c. 16 - . 28

i<B.§f+”Du275}’”DMB§> + H.c. 17 ce .. 29

ie"* (B3 f ;,,u;D,B3) + H.c. 18 . . 30

ie’w’{’)<B§fﬂleBgqu> 19 e . 31

ie"* (B3D,,B3) (f 4,.1,) 20 . . 32

i <f+/w> <B§u/1DpB§> 33

i<B§V”f+ﬂ”Dng> 21 34

i<V”f+M”><B3DDBg> 22 R . 35

(Bsu'y .vsr,Bs3) + Hee. 23 . S 36

(Bsutysy,Bsx™) 24 . - 37

<’4”)(+><B§75}’,433> 25 ce . 38

{r4)(Bsu'ysy,Bs) 39

i(Bsu'y_D,Bs) + H.c. 26 . . 40

i(BsV'y_ysy,Bs) 27 e ... 41

l'<vﬂ)(_><B§)/5]/”B§> 28 e o 42

<B6uﬂuﬂuDYSyyB6> + H.c. 29 * | 43 * 1

(Bouu“u,ysy,Bs) 30 * I 44 * I

(Bgu'u*u*ysy,D,,Bs) + H.c. 31 * I 45 * I

<B6 ut ubul}/57/I/Dﬂj,B6> 32 * _25?1) 46 * I

<Béuﬂu/£y5yyBéuTy> 47 % 1

(Bgu'u"ysy,Bsu" ) + H.c. 43 * I

(Beu"u"ysy,D,"Beu” ;) + H.c. 49 * I

(Bouu*ysy* Dy, Bou' ;) 50 x ¢

(Boysy"Be) (u,u’u,) 51 % I

<B6757’”DMBG> <MM“,,M/1> 52 % %
B 3

(wu,)(Bsu"ysy,Be) 53 -pY I

<uﬂulj> <Béuiy5}//1DMBé> 54 E *

SHM'/) <BGM;4MUMAD/)BG> 33 * 1 55 sk I

€/‘W’<B6uﬂubDﬂBﬁuTﬂ) 34 S 1 56 * I

e (BsD,Bg) (u,u,u,) 57 _%Dgi) I

(Bgu"f_,*D,Bs) + H.c. 35 * I 58 # I

l’<BﬁM’uf_MlG’leB6> =+ H.C. 36 * 1 59 * I

i(Beu'f_*0,,D,Be) + H.c. 37 —1dy) I 60 _1p) I

(Beu'h,*D,Bg) + H.c. 38 * I 61 * I

(Bgu*h*D,,,Bs) + H.c. 39 * I 62 * I

i(Bgu'h0,,D,Bg) + H.c. 40 * I 63 * I

i(Bsu'c,"D*BefT,,) 41 2 dﬁ) I 64 2 Dfﬁ) I

i(Bg ””GMDMB6fZM> 42 - % dz(lss) I 65 - %Dé? 1

i(utf_*)(Bgo,,D;Bs) 66 %Dg) I

] B 3

l(uﬂf_wl> <B6(7MD”36> 67 _ %D<69> I

(Table continued)
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TABLE VL. (Continued)

0, SU(2) &? &y SU(3) c ¢y
i(u*h**)(Bgo,,D;Bg) 68 —%D% I
(BeV*f_, rs7,Bs) 43 —%dfé) I 69 - %Dfl) I
i(Bﬁf+””u”y5beé> +H.c. 44 * I 70 ® I
i(Bgf " u'ysy,D,,Bs) + H.c. 45 * I 71 #* I
et <B6f+ﬂ,,u/1D/,B6> + H.c. 46 * I 72 * I
ie"*?(Bgf 1, D;Bgu” ;) 47 o I 73 % I
ie"* (BsD,,Be) (f 1,i1t,) 48 * I 74 * I
i€ (f ) (Bou;D,Bg) 75 0 0
i(B¢V*f,*D,Bs) 49 * I 76 * I
i(V*f,")(BsD,Bs) 50 * I 77 0 0
(Bouy . vs1,Bs) + H.c. 51 248 I 78 2pg) I
(Bouysy,Box') 52 249 I 79 2plY) I
(% . )(Besv,Bs) 53 248 I 80 2pg) I
{r+)(Bouvs,Bs) 81 2p) I
i(Bgu'y_D,Bg) + H.c. 54 * I 82 * 1
i(BsV"y_ys7,Bs) 55 -243) I 83 ~2p) I
i(V¥y_)(Berst,Bs) 56 248 I 84 2p) I
(Bgtu,utu'ysy, B;) 57 . I 85 * I
(Bgtu,u*utysy;B;,) + H.c. 58 * * 86 * B
(Bgru¥u,utysy;B;,) + H.c. 59 & * 87 * *
(Bg"uu,utysy, B . +He. 60 & * 38 * *
(Bgruuu,ysy;B;,) + H.c. 89 * s
(B Hutu ”v757136y> 61 ng%) * 90 * *
(Bt ubu? u’ysy,D,,Bg ) + H.c. 62 0 0 91 0
(Bgtu,u'ysy,Bg'u /1> +H.c. 63 * * 92 * I
(Bt u,u’ysy' By, u” ) 64 ngi) * 93 % «
(Bg'u u,ysy,Bg'u" ;) + Hee. 94 *

(Bgtubu,ysy* By, u” ;) + H.c. 95 * *
(B u“u,ysy*Bg,u" ;) + H.e. 96 2D *
(Bg'u*u'ysy,Bg,u";) + He. 97 * x
(BFubu y5y,,D,1"BZ” u’,) +H.c. 98 0 0
(Bg'ysy*B,) (u,u'u;) + H.e. 99 * *
(Bg'ysy*B') (u,u,u;) + Hee. 100 * *
(Bg"rsy*Bg') (uuu,) + Hec. 101 * *
(Bg'ysy* D Bg,) (u,uzu,) + H.c. 102 0 0
(w'u,) (B u'ysy;Bg,) + H.e. 103 ~3pf) *
(w'u)(Bg, uw'ysy,Bg;) + Hee. 104 x *
(Biu,f YiD,BL) + Hae. 65 * I 105 * I
(By"uf_, D,By,) + H.c. 66 * I 106 * I
<B*”u”f ’ID,I ) + H.c. 67 * * 107 * *
(Bg*u'f-,'D;Bg,) + H.e. 68 ~dy) I 108 - I
(Bu,h*D Bgl> +He. 69 * * 109 * *

(Table continued)
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TABLE VL. (Continued)

O, SU(2) &y a2 SU(3) ¢ ¢
(Bi#u*h,/D;B;,) + Hec. 70 ~dy) * 110 - *
(Bg*u'h*D,;,B;,) + H.c. 71 a2 * 111 D .
(Bg*D¥Bg*) (u,f -, + Hec. 112 * *
(B *"D”Bél>< u,f ) +Hee. 113 * *
i(Bg!f, utysy,Bg,) + He. 72 * I 114 * I
i(Bg"f+ w'ysy Bg,) + Hee. 73 * . 115 pY *
i(Bg"f +*u,ysy,B;) + Hee. 74 * * 116 * x
i(BHfL v Mu}’s}’zBﬁﬂ> +H.c. 75 * * 117 * *
i(Bg#f . rsy,Bgtu®;) + Hee. 76 * I 118 * 1
i(Bg" f 1 vsr'Be,u' ;) 77 ~2d5) * 119 -2 *
i(f ) (Bg,u'ysy,Bg;) +Hee. 78 x I 120 0 0
i(f ><B6Mu 757:Bg,) 79 ~2d5, * 121 0 0
i(f ') (Bg,ysy,Bg;) +H 122 * I
i(f 4 u')(Bg,vsr:Bg >+Hc 123 208 *
i(B BirVY fﬂiDiBéM) 80 d§36> I 124 Dg) I
i(VAf ) (B*D,BY) 81 ds) I 125 0 0
(By*u'y.ysr,B;,) + He. 82 -d) —3g0) 126 -p{) -3¢
(B ysr Biat) 8 -dy -1 127 -pg  -3El)
(w'y ) (B vsr,Bs,) 84 —dgy -3 128 -py -1Cy
(r+)(Bg'u'ysy,Bg,) + Hee. 129 ) —3¢l
i(By'u'y_D,B;,) + H.c. 85 ) * 130 pf «
i(BgV'x_vsr.Bg,) 86 a2 ~3e 131 bl _3e®)
(Vi) (Bi'rsr,By,) 87 -dg -1 132 -y -1Cy
(B3u'u,u’ysy,Bs) + H.c. 88 ?dﬁ” I 133 ?D?) I
(Byu'u’u,ysy,Be) + H.c. 89 3 g I 134 B I
(Bsuu*u,ysy,Bs) + H.c. 135 L) I
<_ u'u'u 757ﬂDuﬁB6> +H.c. 90 * I 136 * I
(Byu"u*u*ysy,D,;Bs) + H.c. 91 * I 137 * I
<' “utysy,D,,Be) + H.c. 138 * I
(Bsu "u,,w Bgu',) + H.c. 139 5 I
(Bsutu*ysy,Beu”,) + H.c. 92 g0 I 140 B pd I
(Bsu'uysy,Beu”,) + H.c. 141 ) I
(Bsu'u*ysy,D,"Bsu” ;) + H.c. 93 B I 142 -3pf) I
(Bsu'u*ysy,D,'Beu” ;) + H.c. 143 —@DE? I
(Bsu'u"ysy* Dy, Beu';) + Hec. 144 -¥pf) I
(Bsysy"Be)(w,u*u,) + H.c. 145 L pl I
(B3ysy* D" Be) (u,u,u;) + H.c. 146 * I
(w'u,)(Bsu"ysy,Bs) + H.c. 147 Bl I
(uw'u”)(Bsu*ysy,D,;Be) + H.c. 148 23_3D§36) I

(Table continued)
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TABLE VL. (Continued)

0, SU(2) &? &y SU(3) c ¢y
" (Bsu,u,u; D ,Bg) + H.c. 149 0 0
e (Bsu,u,D,Bu” ;) + H.c. 94 0 0 150 0 0
e (B3D,Bg) (u,uu,) + H.c. 151 0 0
(Bsu'f_,*D,Bg) + H.c. 95 0 0 152 0 0
i(Bsu'f_**6,,D,Bs) + H.c. 96 * I 153 * I
i(Bsu"f_**6,,D,Be) + H.c. 97 g I 154 -¥3p) I
(Bsu'h,*D,Bg) + H.c. 98 0 0 155 0 0
(Bsu'h**D,,,Bs) + H.c. 99 0 0 156 0 0
i(Bsuth*,,D,;Be) + H.c. 100 -4 I 157 Sl I
(Bsu"D*BgfT,,) + H.c. 101 0 0 158 0 0
i(Bsu'c,*D*BefT ;) + H.c. 102 * I 159 * I
i(Bsu"**D,BefT,;) + H.c. 103 —dy) I 160  —¥3D§) I
(Bsf_"u,D,Bg) + H.c. 104 0 0 161 0 0
i(Bsf_*utc,,D,;Be) + H.c. 105 x I 162 * I
i(Bsf_*utc,,D,Be) + H.c. 106 23 40) I 163 253 plY 1
(BsD"Bg)(u'f_,,) + H.c. 164 0 0
i(u'f_*")(Bs0,,D,Be) + H.c. 165 * I
i(u'f )(Bga ,D,Be) + H.c. 166 Bl I
i(uh**)(Bs6,,D;Bs) + H.c. 167  -¥3p§) I
(B5V¥f_,"ysy,Bs) + Hec. 107 343 I 168 Bl I
i(Bsf " u,ysy,Bes) + H.c. 108 : I 169 ?D@) I
i(Bsf #utysy,D,;Bs) + H.c. 109 * I 170 \/T§D(3 I
i(Bsf *ysy,Bsu",) +H.c. 110 ?d@ I 171 ?D@) |
i(Bsf *ysy,D,"Beu’ ;) + H.c. 111 ?d(fg) I 172 \/§D(3) I
i(Bsuf,,"vs7,Be) + H.c. 112 I 173 @Dg I
i(Bsu'f **ysy,D,,Bs) + H.c. 113 g I 174 ?Dg? I
i(f*)(B3u,ysy,Bs) + H.c. 114 ?d(ﬁ) I 175 0 0
i(f ") (Bsuysy,D,,Bg) + H.e. 15 -4 I 176 0 0
i(f " u,)(Bsysy,Be) + Hec. 177 -¥DY) I
i{f#*u*)(Bsysy,D,;Be) + H.c. 178 ?D@? I
i (B5f . ,,u,D,Bs) + H.c. 116 0 0 179 0 0
ie" (Bsf ,,,D;Beu” ,) + H.c. 117 0 0 180 0 0
ie"* (Bsu,f,,D,Bs) + H.c. 118 0 0 181 0 0
i (B3D,Bg)(f ,u,) + H.c. 119 0 0 182 0 0
ie"(f ) (Bsu,D,Bg) + H.c. 183 0 0
i(B;V*f,,"D,Bs) + H.c. 120 0 0 184 0 0
i(VAf ") (B5D,Bg) + H.c. 121 0 0 185 0 0
(Bsu'yysy,Be) + H.c. 122 ) I 186 Bl I
(Bsu!ysy,Bex') + H.c. 123 ?d(z? I 187 @D@) I
(Bsy u"ysy,Be) + H.c. 124 ?dg) I 188 ?DG 1
(u'y..)(Bsysy,Bs) + H.c. 125 V3 g% I 189 A pl I

(Table continued)
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TABLE VL. (Continued)

0, SU(2) &2 &? SU(3) c ¢y
(r+)(B3u'ysy,Bs) + H.c. 190 \/Tin)) 1
i(Bsu'y_D,Bg) + H.c. 126 0 0 191 0 0
i(Bsu*D,Bgy’) + H.c. 127 0 0 192 0 0
i(Bsy_u*D,Bg) + H.c. 128 0 0 193 0 0
i(BsD"Bg)(u,x_) + H.c. 129 0 0 194 0 0
i(y_)(BsuD,Bg) + H.c. 195 0 0
i(B5VFy_ysy,Be) + Hec. 130 ) I 196 Bpl I
i(V¥y_)(Bsysy,Be) + H.c. 131 340 I 197 Bl I
(Bsu'u,u*B;,) + H.c. 132 4 V3 198 p® V3E)
(Bsu'u*u,B,) + H.c. 133 4 V3l 199 pY Neto)
(Byu!u’u,B; o) T He 200 Df) \/_Cms
(Bsu*u*u*D,,B;,) + H.c. 134 & * 201 *
(Bsu!u’u*D,;,B;,) + H.c. 135 * * 202 * *
(Bsw'u'u’D,;B;,) + H.c. 203 * *
i(Bsu'u’u'c,,By,) + H.c. 136 0 0 204 0 0
l(BguuuoﬂB ) +He 205 0 0
(Butu, B ,) + H.e 206 DY V3T
(Bsu!'u*Bg,u",) + H.c. 137 a® V3l 207 pY) V3ER),
(Bsu'u’Bg u',) + H.c. 208 DY V3E)
D * (3)
(Bsu'u’D,,Bi*u” ;) + H.c. 209 -Dj; Neloy)
(Bsuu’D, B}, u” ) + H.c. 138 ~dY —3e) 210 -p\y V30
. 3 i
(Bsu'u’D,*By,u" ;) + H.c. 211 -pY Neloy)
i(Bsu'u’o, B*’IuT 1) + He. 139 0 0 212 0 0
i(Bsu'u’c,’Bg u’" ;) + H.c. 213 0 0
<B§Bél’><u u’u,) + H.c. 214 D(l? \/_C145
(BsD™ B (w,u,u;) + H.c. 215 -p\Y
(w'u,)(Bsu’By,) + H.c. 216 p¥ Neles)
(u*)(B5u’D,,By,) + H.c. 217 -p{Y E oA
i(u*u”)(Bsu*c,,B;,) + H.c. 218 0 0
(Bsu'f_“ysy,D,B,) + H.c. 140 * gras 219 * Nelos)
(Bsu!f_“ysy,D,Bg,;) + Hee. 141 * * 220 * x
(Bsu'f _“ysy,D,;B;,) + He. 142 * * 221 * *
(Bsu It ysy,D, By;) + He. 143 & Ve 2 p®  —V3CY,
(Bsu'h**ysy,D,BL,) + H.c. 144 ) B, 223 DY V3g C163
(Bsu'h“ysy,D;B;,) + Hee. 145 * * . 224 *
(Bsu'ysy*D,Bg* fT,;) + Hec. 146 24 -2V3¢,0 225 2pg) —2\[ 3¢V
(Byu'ysy"D*Bg,fL,;) + Hee. 147 * V3eld) 226 ¥ V3ch)
(Bsf_*u'ysy,D,By,) + Hee. 48 -2dy =VAdy o 227 Dy —VACH

(Table continued)
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TABLE VL. (Continued)

0, SU(2) &? &y SU(3) c ¢y
(Bsf_"utysy,D,By,) + H.e. 149 * ~2/3203 228 * —2v3C),
(u/‘f *Y(Bsysy,D,B,) + H.c. 229 *

(" f_**)(Bsysy,D,By,) + H.c. 230 -2pf) 23
(' f_**)(Bsysy,D;Bg,) + H.c. 231 *
(w'h**)(Bsysy,D,BL,) + H.e. 232 2wl -2/3 c
(B5VFf_*B,) +He. 150 ) V3 233 pY Nete)
i(Bsf *u,B;,) + H.c. 151 v * 234 D& meg
i(B5f "u'D,;B;,) + H.c. 152 * * 235 *

(Bsf . *ulo,,BL,) + H. 153 0 0 236 0 0
i(Bsf B, u”,) + He. 154 ) V3l 237 D& Nelos)
(B D, B} + e, s ) —va s ool —vach
(Bsf"o,,Bitu’;) + H.c. 156 0 0 239 0 0
i(Bsu'f.,'B;,) +He. 157 ¥ * 240 pY Nelo)
(Bsu'f . %c,,B;,) + H.. 158 0 0 241 0 0
i(B3B)( fw u,) + He. 159 Fo Ve 242 pe) —V3ce)
i(Bs D" Bg*) (f 4uut,) + Hec. 160 ~dg}) V3el) 243 -DY ~V3C%
i(f #)(Bsu,B,) + H.c. 244 0 0
i(f*)(Bsu'D,;,B;,) + H.c. 245 0 0
(f*)(Bsu’c,,By,;) + H.c. 161 0 0 246 0 0

(f *u*)(Bs0,,B,) + H.c. 247 0 0
(Bsu'y.By,) + He. 162 ) V3l 248 D& Neter)
(Bsu"By %) + Hec. 163 a2 Ve, 249 D& vaew
(Bsy.u'By,) + Hee. 164 4 V3 250 p V3e0)
(B3Bg!)(u.x 1) + Hee. 165 ) Nerasl 251 DY) Nelo)
(x+)(Bsu*By,) +H.c. 252 Dg) \/5553;0
(Bgu*u,u”B;,) + H.c. 166 * * 253 * *
(Bsu'u¥ u, By ) +Hec. 167 ® * 254 * ‘/_Cf&
(B uuuB*>+H.c. 255 * *
(Bgu*u*u*D,,B;,) + H.c. 168 * * 256 * *
(Bgu'u*u*D,;B;,) + H.c. 169 * * 257 * *
(Beu'u* uﬂDMBﬁ”> + H.c. 258 * *
i(Bou'u*u's,,B;,) + H.c. 170 0 0 259 0 0
i(Bgu'u’u*c,,B;,) + H.c. 260 * *
(Bgu*u,Bg*u”,) + H.c. 261 * —@(Njg)
(Bou!u*Bg,u”,) + H.c. 171 * * 262 * o
(B Gu"u"BgD . +He. 263 * *
(Bgu*u*D,,Bi*u”;) + H.c. 264 * \/gég
(B ou'u*D, “B; u’;) 4+ H.c. 172 * * 265 * *
(BouuD,"Bg,u";) + H.c. 266 * *
i(Bgutu? UWB u’;) + Hee. 173 * * 267 * *

(Table continued)
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TABLE VL. (Continued)

0, SU(2) &? &y SU(3) c ¢y
'(Bﬁu”u”ﬂﬂ’lBgyuTD +H.c. 268 0 0
(BB (u,u’u,) + H.c. 269 * —2ed
(Bg D/‘”Bz'{)<u u,u,) + H.c. 270 * o
(w'u,)(Bou’BY,) + H.c. 271 Lpl) —ael)
(uu*)(Beu'D,, B,) + H.c. 272 * *
i(u'u")(Beu'c,,B;,) + H.c. 273 0 0
(Bgu"f_“*ysy,D,Bg;) + H.c. 174 & * 274 * *
(Bgu*f _“*ysy,D,B,) + H.c. 175 * #* 275 * *
(Beu" f_"ysy,D;B 6u) + He. 176 * * 276 * *
(Bgu*h**ysy,D,B;,) + H.c. 177 * * 277 * g
(Bgu*h*ysy,D,B;,) + H.c. 178 * * 278 * *
(B u”h”‘ysy,,DlB(m) +H.c. 179 * * 279 * *
(Bou"ysy* D, By fT,;) + H.e. 180 —¥3d} Ve 280  —¥pY) V3ED)
(Bou"ysy* DBy, fT,;) + H.c. 181 -4y el 281 -¥3pl B¢l
(Bef_t"u* rsv.D,Bg;) +H.. 182 * * 282 * *
(Bof_Mutysy,D,By,) + Hee. 183 * * 283 * *
(u'f M><Bé}/5}/ﬂD B{,) +H.c. 284 * *
(' f_)(Beysy,D,By;) + Hec. 285 Dy fc<*>
(w' f_**)(Bgysr,D;Bg,) +H.c. 286 *

(1) (Beysy, D, Bg,) + Hee. 287 -28plY) ﬁég?
(BeV¥f_,*B;,) + Hee. 184 Gy D] 288 Lpl -8
i(Bef+"u,B;,) + H.. 185 - @g; * 289 —pl) *
i(Bsf *u*D,;B;,) + H.c. 186 * * 290 * &
(Bof"u'o,,B,) + H.e. 187 * * 291 * *
i(Bef " Bg,u",) +H.c. 188 * * 292 * *
i(Bef "D, Bt u”;) + Hee. 189 * * 293 * *
(Bsf " 0,,Bi*u’;) + H.c. 190 * * 294 * *
i(Bou!f " B,) + H.c. 191 * * 295 * *
(Boutf ,"6,,B,) + H.c. 192 * * 296 * *
i(BeBi")(f 4, u,) + H.c. 193 * * 297 x *
i(B¢D* B¢*) (f 1,uu,) + H.c. 194 * * 298 * *
i(f*)(Beu,B;,) + H.c. 299 0 0
i(f*)(Beu'D,,B;,) + H.c. 300 0 0
(f ") (Bgu's,,B,) + H.c. 195 * * 301 0 0
(f*“u’)(Bgo,,Bg,;) + H.c. 302 * *
(Bou'y . B; > +He. 196 =24y -8 303 -¥py) -3l
(BouB,x") + H.e. 197 =24y -2 304 -¥py) -3l
(B w,) 4 e oy R fd) s Spl e
(BeBy") (u,x,) + Hec. 199 240 _EEl) 306 —2py) L)
() {(Bo' B,) + He. 307 -¥pg By
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(3 Ly 26 1a 6 206 16 .3 L3 26 e .o 206,406,106
059):_§dg9)+§dg2)_6dg4)’ Cgo):§d§9)+§d;4)’ Cgl):_g 29)_§dg )—6d§4), ng):§d§9)+§dgo)+§dg4)’
.3 2.3 2,03 .6 2.3 2.3 .6 Ly 13 3 o e 13 ¢ 13 16 6
cg3):§ <29)_§dg1)7 Cg4):_§d<33)_§dg4)7 055):_§dg5)+§dg7)+dgs)’ cg6):§dg5)+§d<37), Cgs)zgdgg)‘ngz(u)"‘dz(tz)’
1 3 -3 1 1 -3 2 1 2 B 2 4
() §d39 2 d40 2 d41 —d43), Cz(to)__gdg9)+3dc(u)v Cé(t4)__§ 5;7)_§d4(t9)+3dgo)7 Cz(ts) §d4<t7)+3d48 +3 d49,
~4(16 ___d47 +3‘149 547 §d51 +3d52, 548 §d53 _§d54’ 549 §d55 _d56’
~ (3 (3 3 3 3) .03 3 3 3
&5 =—d§7)+gd§s), o) = =gl —dg . o5 ==2dh) —4dy) 125 B =dy) -~ di) v dy
(3 3 3 .3 3 3 3) =06 3 3 3
ch) :2dg0) +dg1)’ Céo) :—ng> _dgz)v é3 *_2d33 d34)’ 6(65) :_dgs) _dz(to) _dz(u>’
(3 3 3 3 .3 3 3 .03 3 3 3
2] ). -] 22
(3 3 3 (k) =B 3 3 . ; ;
C(73) :d4<19)+2dg4)7 c§4 2d48 d49 +2‘153 d54)’ 55) :—Zdz(ts)_dgo’ C76 :2d51 +dsz’
_(3 \/— \/— _(3 \/_ \/_ _3 2\/_ \/—
ng) —2dg3>+d§4>, Céo)— —d6 ) Cél):_—d _d6 ) Cé6)_ )_—ds )
-3 2\/_ \/_ -3 \/_ \/_ _3) V3 3 \/_ (3 \/_ \/_
Cgo)zz_—dl )_Tdn ) C(10>5:__d12>__d13v §o)s d&S)__dZI ) C§0)9 _d16 _dzzv
3 V3.8 V30 .o V3.3 V3a .G 3 3) .03 3 3
L)L, L), - Sl
(3 3 3 -3 3 3 3 3 3 3) .03 3 3
o2, o2 o). a0~ -
(3 3 3 .0 3 3) .3 3 3 .3 V33 2V3 5 V3
(=2l By 2kl e, =2 gy
2 2 2
5536)7 :_£d29 £d33) _£d34 ; 5536>8 £d29 +7\/—d2 )_£d23 £d34 _idm _id4 : _£d49 ;
3 3 3 3 3 3 3
&) :_i_d( )_ld _id id id \/—d G) &0 __ld \/_d (3)
169 3 %2 30 3 %3 3 47 3 48 3 Qa9 Cimi 33 3 9
) _ 2\f \/§ V3 a0 Zf dO_ V3 e V3m V3 V3 V3 e
172= 3% 3 Bes Gn= 33 3 @34y Cia= 35 Tgmdig g T dss s
&) :—id IEFORRER \/—d &%) ——id V340 V3w gl _ ——2\/-(1 & _V3 4
175 36 6 97 "¢ Y1 T 55’ €176 A 41 B 55’ 177 = 39 773 407
20) :ﬁd@)_ﬁ 0 _V3 0 V3,0 ~<3>:_£d<3>_£d<>_£d< 5<3>:_§d<3>_§d<3)_§d<3>
178 6 37 3 40 6 41 12 55 179 6 37 2 41 12 55 182 3 35 3 39 6 55>

~3) \/'

2 d) 48 PO f 0 f f 2\/_ f
183~ 7374 3 40 6 ssv

V3 3 f 3 2V3
gg%:—sz;)—wa’ Cig7= *d47 ?d@ +Td53 —d54,

2 23 3 2 2

=22 340, o 2B Dy 2 B o 2B V3
3 3 3 3 3

23 3 4+/3 23 23 3
(8= 23 V3w W3y V3 e o 230 V3

3 3 3 3 3 3
-3 2\/— \/— _3 2V3 3 V3 3
059)4:——‘153) 3 54’ 6592:__3 d§3) ng“)' (A1)
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(3 3 3.3 3.3 . .3 -3 3 3.3 3.3 . 1.3y .3 3.3 3.3
ng):_6cg1)+§Cg3)+50g4)+cg7)’ Cg9):_6C§1)_50g3)+50g4)+50g7)» 020)2_5059)"‘50&)’
(3 3.3) .-03) <03 “3) -(3) <03 B) ~(3) ~<(3
col =5 38y o =6ey) ~ag gl =128y 62k ~2e

~(3 -(3 -3) ~(3) (3 ~(3 -3 ~(3) (3
Cé7) = _SCgé) —3cg7) _Cés) +Cés)’ Cé9) = —3cg7) +3C£¥0) +Cé6)’

_(3 ~(3) . (3 3) -(3) =03) . 2.3) 2.3) .03 . ) .3) -3) l.3
L e T I e T

~(3 ~(3 ~(3 ~(3 ~(3 ~(3 ~(3) , =3 ~(3 3.3 3.0
c$3) = —364(15) + 6cg6) — 6c£8) + 2652), cg4) = —304(‘5) + cgz), Cgs) = ——cfm) ——cfls),

~(3 ~(3 ~(3 ~(3 ~(3 ~(3 ~3) _ =0B) =03) =03) =03 2.3 1.3 .G
C§7) - 604(17) 2056)’ C§9) = 604(18) 20%8)’ cés) = Cgs) Cgé) Cg7) Cg4) 3 Cés) 3 Cc(%) 0(68) ’

~(3 ~(3 ~(3 ~(3 ~(3 ~(3 ~(3

c§3)4 = \/gcgo)—\/gc% \/-c113 V3¢ 11)5, c§3)5 = \/gcgl)—ﬂcg3)+\/§cgl)3—|—\/§c(“)5,
3 3 3

&8 = —2v/3e8) V3.9 10 e V3 o) aee V3

Cla1 —— 3 Cro60  Cra2— 96 76‘106’ Clgs =V ICio0— ) = Cio06°
) ~(3) ~(3) -3 A3 _ za0) ~(3)
C151 \/_C108+\/_0114» g 52 \/§0109_\/§0113_2\/§C115» C§57—\/§C§12+\/§0114v

3 3 3
R R T e IRV NR )

5%)8:2\/56‘31 \/_C34 +\/_"45 _2\/_ 46 f 57) \/§5§32)—\/§5%),

55?9:4\/_3‘ &) - V3es) - fc45 +2/324 46 \/— 57 S+ V3E +V3e,
5?7)1 :6\/5031 _2\fc34 _\/_657’ 5172:_6\/_5331 +2\/§531 +\/§5537 ;
ey =—6v3ey) +2v3ey) +v3eL),
VA VA + 2V~ Ve + e + Vi) -2 - Vi) + D)
o) V3_3) \/gé(a) V3.3 V3.3 , V3.6 V3.3 V3.3

75:7C35 T €37 _?049 _?%5 +?c66 "’7668 g Cg0 »

0 __ VAo e Vim Vo Vo Vi Vo Vi

C36 37+?49 6 65 6 o6 T 68 8680’

3
5§37)7=—ﬁa§§>+2ﬁagﬁ)+§a§?,

20 __ V3.0 me f (V3 V3 V3 V3o V30
178 2 35 36 37 8 2 6 2 8 80
0) :\/55(3)_\@5(3) 3\/_ (3) \/_ (3) \/_ \/_ \/_ (3)_ \/_
179 2 35 36 37 8 49 2 2 2 68 8
3 3 3
\f \f~<3> \f~<3>+\f3~<3) V3.0

-3
028)2—\/- fc36 \/-037 +\/- 40 49 3 = %65 +TC66 Ces 4 Cg0 -

V3_3) 2\/_ \/_ 3, V3.5
o =—V3e +V3el +23e +— o+ 3 e - 3 Coq \/§cé8)+7c§0),
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3
el == 260 + 23 /A Vel -V, el =3vAe) v~ 2V -2V,
3
5%)7:_7\/_ Cys +2\/_~46 2\/}48 +\/_C72, 5 :_2\/_C47 +\/_C76’ 5538)9:2\/554(;37)_\/?5;36)’

3 -3 f~3 3f
59)0:_2\/7“47 +/3e5, 76’ C§9)1:7 4 T 45 ~2v/3¢; 46 \/_C72 \/_78’

2
& =3v3e) —4v3e) +4fc48 —2V3ey), &, =—2v3e —V3Ey,
Clon =2V3e +V3ER,  Es=2v3e +V3el. (A2)
C =30 +300 +30l +3D8. &) =2l —50ly + 5D,
€ = =30 =300 +3 0y =30 =3¢, € =30l + 5D =30l =301 ~304).
€y =300 -30l. e =308 4300 430l & =300 4100 4300,
¢ =300 =30 =300, el =Ipl 3ol ) =38+ 30k,
¢y=2p§ +2pg. &Y =30l -IpR+ 30l el =-2pf - 3pi +Sng.
& =308 +308 + 0. €0 =3p§ +3DY. €Y =500 +308 + {3,

3 1.3 1 3 1 3 3 -3 1 3 1 3 -3 2 3 1 .3 2 4
Céz) = gDél) ‘l‘gDéz) +§Dé3) _Dés)’ Cé3) = _gDél) +§Dé3), Cgo) = _ngz) _§D§4) +§D§5)’

- 2 4 1 ~(3 | N | ~ 2 2

Cgl) = ngz) + 3D§3) + 3D§4)’ ng) = _ngz) +§D§4)’ C§3) = §D§6) + 3D§7)»
~3) 2.3 2 (3 ~3) 2.3 3 ~3) 1. @3 3

C§4) = ngs) _§D§9)’ C§6) = gDéo) _Dél)’ Ct(az) = gDéz) - D§(§6)’

ey =20l ~20 + 208 4208, €)=l + DY~ Dl 420 4208

ey =i+ i ~0 +20 4208 ¢ =0l ~D 03
I ]

e =20 <20, E=pR-pi -pg. e =20l +a0. ey = oy + o)
) =D -DY.  C=-ap -2 20 € =208 -0 2

56
~(3 3 3 ~(3 3 3 3 ~(3 3 3 3
Cioy=-3D) =30, €y =-D§) -Dg) -D. Ty =-D - Dy - 2D,
~(3 3 3 ~(3 3 3 3 ~(3 3 3 ~(3 3 3
C50)7 = _Dg9) - Dé3)’ C§0)9 = _Dél) - Déz) - Dé3)’ CE 1)2 = Dés) + Dgo)» Cg 1)3 = _Dé9) + ZDgo)’

~(3 3 3 ~(3 3 3 ~(3 3 3 ~(3 3 3
eh=a0 12D, E=2pR DR elh= -0l DR, CR=20 +f.
2f

3 3 3 ~ (3 V3 3 2\/_ ~(3 3 3)
Csz)z = 2D§8) D§9)’ ng)e = _TDé ) _—D16 ) C§3)7 = _7Dg - D§6 )
(3 V3 5 2V3 ~(3 V3 5 2V3 ~ (3 2\/7 V3
C§3)8:_?D4(1)_ 3 Dg6)’ C§4)6:_TD54) 3 D§6)’ C55)3:_ 3 D17 _?D(m)»
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Cleo = —TD%) -3 Pa i = —TDQ —71)?3)’

G R TR T <
ey =D ~1pY, ey — 2Dl -DY. e —200+ Y.

&8 —-200) - -0l E8,—-niy -,
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== L0 + 20 -0+ 2nf), el =-Lof+ L0l - Lol - pf),
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e s o N T SRl
=200 -0l e=-2 0 -0l + ol

eu=-22pl -l el =2 0. el =-2 0 - of)

e =22 + 2, (a3
o =300 -300. el=-ef 300, e =—3e 35450,

o =300 -300 300 5. el =30l e ef =3 -,

oy =300 -3C0 +300. el =ecf-scrac). &) =-ac)-cf).

e —aefaef). e)--lef-aey. e -3 +ie

3 Lo 1.3 3.0 ~(3) = 1 ~(3)  ~3) 1= ~ (3
Lol hen e e len e, ol e ey
~3) 320,323 3203 203 3203, 323 206 >(3) A70)  A3) A0
C50)3 :Z 5‘5)+§C§6)—§Cg3), C§0)4:§ EL5)+ZC4(16)’ C§0)7:—3C§9)—3Céo) —C§0)5+C§0)6,
~(3 ~(3 ~(3) =3 ~(3 ~(3)  =(3 ~(3)  =3) A3) 223 2x3) =03
C50)9 = _3Céo) + 3Cé3) + C§0)6’ C(n)o = —ng) + ng) + 2Céo) - C(61) - Cé3) +§C§o)5 _§C§0)6 - Cgo)s»
~(3) _=0) 20 23 lx0 (3 33 3260 A0 >(3) Lm0
Cg 1)1 = Cc(so) _Céz) _Cé3) _§C§O)6’ Cgl)z = _Ecés) _Ecés)’ C§1)3 :3Cé7) _3Cé8)’
> (3 ~(3) | #03 (3 33 30
Cg )'5:_3C§1)+6C$2)+2C(11)4’ C(11)6:_3C§1)+C$1)4’ Cgl%:_icgo)_icgl)v
=3 =3 ~ (3 ~ (3 -3 =3
C51)9 = _6C§3) + 2C§1)8’ C§2)3 = _6C(74) + chz)z’
2 _ e _ el _ e _ e _2e0) et 50 w0 L Ae®) 50 _V3em)
Ci30=Csg —Cs9 —Cgp —Cy _§C105 +§C106+C108’ Cyp1 =V3Ci+ 3C148_7C174’
=3 ~(3 -3 V3 ~(3 ~(3 ~(3
202 —\/-C137+\/-C 8+\/'C174’ C50)3 :\/§C§3)6+\/§C54)8_7C$7)4’ Cgl)S = \/§C§4)6_\/§C24)8’
>(3 ~3) V30 V3 V320
C§2%=—2\/§C§5)4+7C§6)3, 221 \/—C153_7Cg6)3’ 224 me C§6)3’
~(3 ~ (3 ~(3 ~(3) ~(3) ~(3)
Cé2)9 \/gcgﬁ)s +\/_C(16)7’ C231 :\/_Cles _\/§C167» g :_\/_Cno \/_C174,
c0 __V3ee) _3V3em _V3ea _V3pe ) V346 +3fc V360 V360
253 — 2 4 4 4 2 55 2 85> 255 — 2 43 46 2 55 2 85>
(3 V3.3 V3.3 V3 -3 V3.3 V30
C§5)6:—7C§6) —7C§5)+7C§1)—\/§C(72)—7C§5)—7C§1)4,
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(3 3V3 (3
Cgé)() = _TC% \/_Css \/gcz(gs)’

~(3 V323, 3V3 & V3.3 3V3 (3
Cg())zz 7(748 Jr7(749 V3CY +V3Es), C5) :—Tng) _TC49 +V/3CY) - V3ES),
0 _ 0380 +v3EE —VACE, 8 — 308 - 30 4300
C49 + C56 Coy. Cxee Cyo Csg +V3Cy; .
o Vw Vaw o VR VB
sr = =3V3CE +2VACE —2VaCy. Cy=— "0 - O =T nCE -C

- ~ - ~ ~ 3 2
Cg37)4 - _\/§Cg3s) + \/§C§39) + 2‘/§Cg)) - \@Cé ! +\/T_C76 + \/7C105 _%Clos \/_CIOS +—C§2)4»

e, _V3p0 Ve V3po) V3po  V3po  V3em V)
275 2 58 2 60 8 76 6 6 106 2 108 8 124>
~(3 V3 V3 \/_ V3.3 V3 V3.0 V3.3
C§7)6:__C58 V3L - _C60 _C76) s +_C§0)6 oo+ T
2 8 6 6 2 8

~ - ~ 3.
=~V +2v308 + el
-3 V3.0 ) V320 V320) , V323 V3am V3.3  V3:a
Cg7)8:_7CgS)+\/§Cg9)+7céo)+?C(76)+7C§0)5_?C§0)6_7C§0)8+?C(12)4’
~3) V3 3v3.3 V3,3 V3 V3 V3 V3
CHy="-CR - V3L _—C60 |- 22O - O+ Gl + - Cl — T,

2 8 2 2 2 8
iy Vo Vo Vi J3
Chip = V3T - v3CY) - v3Cy) + V3L - —C76) Tclos +TC106+\/_C108 Tcgz)m
(3 p V3.6, 2V3 .3 V3.3 ~3) , V30
ngé:—\/_C +\/_C59 +2\/_C60 1 Cg6)+ 3 Cgo)s_?cgoé_\/gcgo)s*‘jcgz)m
3 V3am V3a3 ap . V3ap)  V3:0
Cg8)4 = _—Cés) - —Cés)’ C§8)6 = _—Cf%) +_C<(58)’

2 2 2 2

~ 3. 3 - ~ - -
e =L e 22 -2vae - Vael, e =3vael) ~4vac ~2vael),
~ 3v3 ~ ~ -
) :_T\/_Cﬂ +2v3C5) +V3C, :_2\/_C73 +V3CTy.  Chs=2v3C5 - V3L
= (3 (3 ~(3 ~3) V3.3 3V3
oy =—2V3CH + V3L Cg9)5 —7C7o —C71 —2V3CH - V3T,
Cloe=3V3CH —4V3C —2V3LY).  CF) =-2V3L + V3L, Chy=2v3CH) - V3T,
Clop =—2V3C5) + V30, (A4)

014027-23



70U, LIU, LIU, and JIANG

PHYS. REV. D 108, 014027 (2023)

TABLE VII. Independent Lagrangian terms in the heavy-quark limit at the O(p3) order.

0, SU(2) SU(3) 0, SU(2) SU(3)
(Bsutu,uty,) 1 1 i (i u,u’u,vy,) + Hee. 32 46
(Bsu'u’u,yp,) 2 2 ie"””(l/_/ﬂu"uvulvpt//,,) +H.c. 47
(Bsu'u u,y,) 3 e (g u,uyv,p°u’ ;) + Hee. 33 48
(Bsutu’utv,v,y;) 3 4 e (g u,u vy ,u’ ;) + Hee. 49
(Bsu'u uv,vp,) 4 5 e (g u,u vy ,u’ ) + Hee. 34 50
(Bsu'uutv,v,p,) 6 e (g u,uvpu’ ) + Hee. 51
(Bsutu,pu”,) 7 ie””’l”(l/_/ﬂu"u,,v,ll//,, T,)+Hec. 52
(Bsutuy,u’ ) 5 8 1€ (G, 0,y ) (U, U 1) 53
(Byu'utyu' ) 9 e (v, w°) (uzu,u,) + He. 54
(Bsu'u v, v,y u’ ;) 10 i€ (u,u®) (W, u;v,,) + He. 55
(Bsutu* v, v'y,u’) 6 11 1€ (u, u”) (W, u; 0,9 ,) 56
(Bsuu v, vty u’;) 12 it u, f_“v,p,) + Hee. 35 57
(Byy") (', ) 13 i utf_ o) + He. 36 58
By v ) 14 S o) + He. 37 59
(w'u,)(Bsuw, ) 15 i f_ oy,) + Hee. 38 60
() B, 0,05 16 e ) + Hc. M 61
" (B3, f_30,) 7 17 i u b, o) + Hee. 40 62
" (Byu, f_, 0,050, 8 18 i u b, oyp,) + Hee. 41 63
" (B3, h,v;0,y,) 9 19 i uh, o) + Hee 42 64
e (Bsu,w, f1;,) 10 20 i@ u kv, 0,0,y,) + He. 43 65
" (Byu, v, 0y, T ) 11 21 i@ u, vyt fT,;) + Hee. 44 66
" (B3 f _uit3yr,) 12 22 i oyt fT ) 45 67
e (B5f_uv0,,) 13 23 i vyt (u, f ) + Hee. 68
e By, ) (u, f_p) 24 () (uy f ) 69
e (B3 v, v°y,) () f o) 25 i) (u,h,;) + Hee. 70
e (B3v,0°w,) (u;h,,) 26 e (g, N, f_;7v,w,) + He. 46 71
(BsV*f_ ) 14 27 M (1o f U0, ) + Hee. 47 72
i(Bsf “uy,) 15 28 M (1 f 1V, + Hec. 48 73
i(Bsf it v, 0p,) 16 29 e (g, f 4, uv,w,) + Hee. 49 74
i(Bsf w,u’,) 17 30 (g, f 1, U, v,ly/p) +Hc. 50 75
i(Bsf v, vt p,u’;) 18 31 e (pf 1avwu’ ;) + He. 51 76
i(Bsu'f " w) 19 32 e (g, f v ,u’,) + He. 52 77
i(Bsu!f v, 0,y,) 20 33 e (g, v ) (f 1apts) + Hee. 53 78
i(Byy") (f 4 1) 21 34 W (0, )(f 1 251,) + Hee. 54 79
i(B5v" vy ) (f ) 22 35 WV, f P o) + He. 55 80
(Bsuty o w,) 23 36 VL o) 56 81
By ) % 37 (V£ ) 0,0 57

(Bsy s uiy,) 25 38 (VHf2) (W, 0,p,) + Hee. 58

(Bsy*) (i 4) 26 39 i (i, vy,) + Hee. 59 82
(1) (Bsu'w,) 40 i (v, 60 83
i(BsViy_w,) 27 41 i (7, 0,y (1,1 4) 61 84
(9} (Baw,) 28 2 e () v, 85
i€ (G, u,u% 0, y7,) + Hee. 29 43 (W u'y-v,p,) + He. 62 86
i€ (i u,uu vy ,) + He. 30 44 0 (i N vy, 63 87
i€ (i, u,u”u v,y ) + He. 31 45 0 (N N, op,) 64 88
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TABLE VIIL

APPENDIX B: O(p*) ORDER RESULTS

Independent terms in the relativistic Lagrangian at the O( p4) order. In columns 3, 5, 8, and 10, “I”” means that we choose

the term as an independent one when employing the heavy-quark symmetry. “P.” denotes the parity transformed part and “P.C.H.”
denotes the part obtained after the parity transformation, charge conjugation, and Hermitian conjugation are performed simultaneously.

o, su@) & su@E) EY o, su@2) &Y su@) EY
(Bsutu,u”u,Bs) 1 1 (B3uV ,h**D,,;B¢) + H.c. 621 1226
(Bsu'u’u,u B3) 2 2 (B3u*N'h*D,,,,Bs) + H.c. 622 1227
(Bsutu”u,u,B3) 3 i(Bsu*V*h*6,,D,,Bs) + H.c. 623 I 1228 1
(Bsu'u uvuﬂDM 5) + He. 3 4 (Bu'BgV*fT,,) + Hee. 624 1229
(Bsuu’u,u*D,;Bs) + H.c. 4 5 (B u'D,'BsVAfL ;) + Hee. 625 1230
(Bsu'u’u,u*D,,;B3) 6 i(Bsu's,*BgV*fT,)) + H.c. 626 I 1231 1
(Bsu!u*u*u,D,;B5) 7 i(Bsu"6* B¢V, fT,,) + H.c. 627 1 1232 1
(Bsu'u"u uﬁDﬂwB%> 5 8 (Bsf_*f_uBs) +H.c. 1233
i(Bsuu,u*u*c,)Bs) + H.c. 6 9 (B3f_"f_ ADMB() +H.c. 1234
i(Bsu*u’u,u*c,)Bs) + H.c. 7 10 i(Bsf_"f_/ 0,Bs) + H.c. 628 I 1235 1
i(Bsu!u*u,u*c,,Bs) 11 i(Bsf_"f_%5,,D,,Bs) + H.e. 629 1 1236 I
i(Bsu'u’utu,c,)B3) 12 (B3f_"h,*D,,Bs) + H.c. 630 1237
i(Bsu'u uu’o, DA/,B; +H.c. 8 13 i(Bsf_"h, 0,)Bs) + H.c. 631 I 1238 1
i(Bsu'u® u’lu/’a B3) + H.c. 9 14 i(B5f- f“’hﬂ/’a ,D,,Bs) + H.c. 632 1 1239 1
z(}uﬂu”u‘uﬂa DMB3) 15 i(Bsf_"h*o,,D,,Bs) + H.c. 633 1 1240 I
i(Bsu'u*u*u’c,,D,,B3) 16 i(Bsf_"0,'BsfT,)) +H.c. 634 1 1241 1
(Bsutu,u*Bsu”,) + H.c. 10 17 i(B5f_*o,'Bsh" ;) + H.c. 635 1 1242 1
(Bsu*uu,Bsu”,) 11 18 i(Bsf_"6,'D,"BefT,,) + Hee. 636 1 1243 1
(Bsutu,u*D,*Bsu” ) + Hec. 12 19 (B;VHf_," uDB6> Y Hec. 637 1244
(Bsu!u*u,D,*B3u” ) 13 20 (B5V*f_,*u*D,;Bs) + H.c. 638 1245
<Bzu"u”u*D Bsu™;) +He. 14 21 i(B3V*f_ u'6,,Be) + H.c. 639 I 1246 1
(Bsu!uu*D,;Bsu’ ) 22 i(BsVFf_**u,0,,B) + H.c. 640 I 1247 1
(Bsu'u*u’D,,;” Bsu” ,) 15 23 i(Bsh* f_,*c,,B) + H.c. 641 1 1248 1
I(Bgu"u”u o,/Bsu’;) + H.c. 24 (B3h*h,,Bg) + H.c. 642 1249
i(Bsufu’u JﬂnguT,Q +H.c. 25 i(B3sh*"h,'6,)Bs) + H.c. 643 1 1250 1
i(Bsu'u’u*c, Bsu’ ) 26 i(Bsh*o,*Bsh" ;) + H.c. 644 1 1251 1
i(Byutu’u (erA Bsu”,) +H.c. 27 <B3Bﬁ><u”V”f w) +He. 1252
i(Bsu'u’u*c,,D,”Bzu’ ,) 28 (B3Bg)(h*h,,) + H.c. 1253
i(Bsutuu o/’DMBguT/) +H.c. 29 (B3 "”BG><u VAf_,,) +He. 1254
<BguﬂuﬂB§unuT”> 30 (B3D"Bg)(u*V,f_,;) + H.c. 1255
(Bsu ”u”B;u u')) 16 31 (B3D" Bg){u ’IV ) +He. 1256
(Bywtu Byl o) 32 (Bs D" Bg) (4, ¥, hy,) + Hee. 1257
(Bsu'u DMB3uT L) 33 i(u'V,f_"*)(Bso,,Bs) + H.c. 1258 1
(Bsu'u’D,*Bsu” ,u” ;) + H.c. 17 34 iV f_ )Y (Bso MBG> +Hec. 1259 1
(Bsu*u’D,*Bsu” ;u’ ) + H.c. 35 i(u'NVY f_*)(Bso,,D,,Bs) + H.c. 1260 1
(Bsu*u’D,,* Bsu™ ju” ) 36 l(””VDf M><B%0w1D »Bs) + H.c. 1261 1
i(Bsu'u, 0 Bsu” u’)) 37 i(f_*h,*)(B3c,,Bs) + H.c. 1262 1
i(Bsu'u’o,’Byu” ju’ ) + H.c. 38 <B3V/‘Vﬂf_”y5beiBé> + H.c. 645 1 1263 1
i(Bsu'u’c,, D Bsu” ju” ) 39 i(Bsf *u,u,Bs) + H.c. 646 1264
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TABLE VIII. (Continued)

0, su@2) & su@B) EY 0, su@2) & su@3) EY
i(Bsu'u’c,*D,"Bsu” u” ) + H.c. 40 i(Bng”uﬂu’lDMBQ + H.c. 647 1265

(B3 u"Bs><u u'u,) 41 i(Bsf M utu,D,Be) + H.e. 648 1266
(B3u"D,* B3) (u,u'u;) 42 (Bsf " u,u 6,,,136> +H.c. 649 1 1267 1
(B3u! D**Bs) (u,u,u,) 43 (Bsf."u'u,0,,Be) + Hc. 650 1 1268 1
(B3u"D,** B3) (u,u;u,) 44 (Bsf " u*uy0,,Bs) + H.c. 651 I 12609 1
(B3Bs) (uu,,) (u”u,) 45 (Bsf"uu’6,,D;,B) + H.c. 652 I 1270 1
(B3Bs) (u!u) (u,u,) 46 (B; fwuﬂuﬂa .D,,Bg) + H.c. 653 I 1271 1
(B3Bs) (uu,u"u,) 47 (Bsf " uu’6,,D,;Be) + H.c. 654 1 1272 1
(B3D" Bs3) (u,u,,) (u*u,) 48 i(Bsf "u,Beu",) + H.c. 655 1273
(B3DH Bs) (u,u) (u,u,) 49 i(Bsf*u,D,*Beu" ;) + H.c. 656 1274
(B3D" Bs) (u, u,u" uy) 50 i(Bsf WD Beu”,) + He. 657 1275

(B3 D% By) (uy,u, ) (uzu,) 51 (Byf .1 uﬂa/Bﬁu )+ He. 658 I 1276 1
i(B30" B3) (u,u,uu;) 52 (B fﬂ”u”1 ,Beu® ;) +H.c. 659 I 1277 1
i(B30"* D" B3) (u,u,uu,,) 53 (Bsf " u*c, Bsu",) + H.c. 660 I 1278 1
i(u'u,)(Bsu“u'o,, B) 54 (B 3fﬂ”uﬂa ,D;*Beu”,) + H.c. 661 1 1279 1
i{u'u”)(Bsu'u’c,,D,,B5) + H.c. 55 (Bsf " uc,,D,”Bou” ) + H.c. 662 1 1280 I
(u'u,)(Bsu*Bsu" ) 56 (Bsf " ute,/ D ABGM L)+ He. 663 1 1281 1
(uu,)(Bsu*D,*Bsu’ ;) 57 (Bgfg‘”Bsu uuly) +Hc 664 1282
(Bsu'u, f_**ysy,D;Bs) + H.c. 58 i(Bsf ,#D,/Beu” u" ;) + H.c. 665 1283
(Bsu'u*f_,'ysy,D;Bs) + H.c. 18 59 i(Bsf "D, Bgu’ ) + He. 1284
(Bsutu*f_,*ysy,D,B3) + H.c. 19 60 (Bsf "0, Bou™ ") + Hec. 1285 1
(Byu'u’f_, ysy,D;Bs) + H.c. 61 (Bsf "o,/ Bsu, Tﬁ> +H.c. 666 1 1286 1
(Bsutu’f_,*ysy,D,B3) + H.c. 62 (Bsf "0,*Bgu” ju” ) + H.c. 1287 1
(Bsu!u f #ys5y,D,,B3) + H.c. 63 (Bsf #0,, D" Beu” ju ) + H.c. 1288 1
(Bsuu,h*ysy,D;Bs) + H.c. 64 (B5f4"6,'D,PBeu” ju” ) + H.c. 667 1 1289 1
(Bsu!u’h,*ysy,D;B3) + H.c. 20 65 (Bsf o lD JBeu ,u”;) + H.e. 1290 1
(Bsu'u’h, ysy,D,Bs) + Hec. 21 66 i(Bsutf ., u,B) + H.c. 668 1291
(Bsutu” hu vsruD;B3) + H.c. 67 i(Bsu* f+,, u'D,;Bg) + H.c. 669 1292
(Bsu'u*h,'ysy,D,Bs) + H.c. 68 i(Bsutf .*u,D,;Bg) + H.c. 670 1293
(Bsu"u*h*ysy,D,,,B3) + H.c. 22 69 (Bsu'f . ,“i'5,,Be) + H.c. 671 1 1294 1
(Bsu'u*h*ysy,D,;,B3) + H.c. 70 (Bsu"f,“u,0,)B¢) + H.c. 672 1 1295 1
(Bsutu*h*ysy,D,,,Bs) + H.c. 71 (Bsu"f"u,0,,Bq) + H.c. 673 I 1296 1
(Bsu'u*ysy,D*B5fT,;) + H.c. 23 72 (Bsutf . “uP,,D,,Be) + Hec. 674 1 1297 1
(Bsu"u*ysy*D,B5 ny1> + H.c. 24 73 (Bsu* f+ “u6,,D,,Be) + H.c. 675 1 1298 1
(Bsu'uysy’D,Bzh" ;) +H.c. 25 74 (Bsuf ,“uP6,,D,,;Be) + H.c. 676 1 1299 I
(Bsu"f_*uysy,D,B5) + H.c. 75 i(Byu ”f+”'“B6u )+ H.c. 677 1300
(Bsu ”f_ﬂ u'ysy,D,B3) + H.c. 76 i(Bsu"f,*D,*Beu” ;) + H.c. 678 1301
(Bsutf_,'ysy,D*Bsu” ;) + H.c. 26 77 i(Bsuf D, Beu” ) + H.c. 1302
(Bsu!f_,'ysy*D,Bsu’ ;) + H.c. 27 78 (Bsu'f ., 0, Beu”,) + H.c. 679 1 1303 I
(Bsu! f_**ysy,D,Bsu A) +H.c. 28 79 (Bsutf 6, Beu” ;) + H.c. 1304 1
(Bsut f _“*ysy,D,Bsu” ;) + H.c. 29 80 (Bsutf ,“6,,Beu’,) + H.c. 1305 1
(Bsu!f _“*ysy,D;Bsu” ) + H.c. 30 81 (Bsu'f¥0,,D,’Beu” ,) + H.c. 680 I 1306 I
(Bsu! f_“*ysy,D,,*Bsu” ) + H.c. 31 82 (Bsu'f,"6,,D,"Bou” ) + H.c. 1307 1
(Bsu*h,*u*ysy,D;B3) + H.c. 83 (Bsu'f *0,/D,;Beu” ,) + H.c. 1308 1
(Bsu!h, ysy,D*Bsu” ) + H.c. 32 84 i(Bsu'u“f ,,,Be) + H.c. 1309
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TABLE VIII. (Continued)

5(4)

su@3) E

et su@) EY

0, SU(2) & o, SU(2) &
(Bsu*h,'ysy*D,Bsu’ ;) + H.c. 33 85 i(Bsutu f+,,’1DMB6> +Hec. 1310
(Bsu'h**ysy,D,Bzu’ ;) + H.c. 34 86 i(Bsu'uf.,*D,;B) + H.c. 1311
(Bsu*h**ysy,D,Bsu’ ;) + H.c. 35 87 (Bsu'u,f,*c,,Bg) + H.c. 1312 1
(B3u!h**ysy,D,;”Bsu’ ,) + H.c. 36 88 (Bsu'u’f ., *6,,Bg) + H.c. 1313 1
(Bsuh**ysy’D,,;Bsu” ) + H.c. 37 89 (Bsuu*f,0,)Bs) + H.c. 1314 1
(Bsysy*D¥Bs)(u,u’f_,;) + H.c. 90 (Bsu'u’f ,*6,,D,,Bg) + H.c. 1315 1
(B3ysr"D*Bs){u,u’f_,;) + Hee. 91 (Bsuu*f*6,,D,,Be) + H.c. 1316 1
(Bsysy*D* Bs) (u,u*h,;) + H.e. 92 (Bsu'u? f ,#6,,D,,Bg) + H.c. 1317 1
(Bsysy*D*Bs)(u,u*h,;) + H.c. 93 i(B3Be)(f " u,u,) + H.c. 1318
(Bsysy" D" Bs)(u,u,h,,) + H.c. 94 i(BsD"™ Bf,><fﬂ, uyu;) + Hee. 1319

¢ (Bu,u, f_,,B5) + H.c. 38 95 z(B3D"”B6)<f+” uyu,) + Hee. 1320

" (Bsu,u,f_,°D,,B3) + H.c. 39 96 (B30"Bg)(f 1 wut'u;) + Hec. 1321 1
e (Byu,u® f_,,D,0B3) + H.c. 40 97 (B30" Bo) (f -, u,uz) + Hec. 1322 1
" (Bsu,u,h)° D ), B5) + H.c. 41 98 (B36™ Bg)(f 1, uu,) + H.c. 1323 1
e (Byu,u°D,,B5fT,,) + H.c. 99 (B36" DY Bg)(f 1 uut,) + Hec. 1324 1
E”MP< 3”/4f—w1u Dpsz}> +H.c. 42 100 < 3U”DDAPB6><]C+MMDM > + H.c. 1325 1
e (Byu, f_,;Bzu” ) + H.c. 101 (B36" D" Bg)(f +,au,u,) + Hec. 1326 1
e (Bsu, f_,,D, Bsu’ ;) + H.c. 102 i(f ") (Bsu,u,Bg) + H.c. 1327

e (Bsu, f_,°D,,Bsu’ ,) + H.c. 103 i(f")(Bsu,u’D,;Bg) + H.c. 1328

" (Bsu,h,”D,,B5u’ ) + H.c. 104 i(f.")(Bsu*u,D,,;Bg) + H.c. 1329

e (B3D,”B3) (u,u,f ;) + Hee. 105 (f+#)(Bsu,',;Bg) + He. 1330
" (u,u”) (B5f 13D 0 B3) 106 (f )¢ ;u’lu 6,,B¢) + H.c. 1331

" (u,f ;) (Bsu,Bs3) 107 (f+")(Bsu'u;0,,B¢) + H.c. 1332
e (u, f ) (B5u D,y B) 108 (f ) (Bsu'a, DAPB@ 1 He. 1333
% (u,h,”) (Bsu; D s B3) 109 (f+")(Bsu*u’6,,D,,Bg) + H.c. 1334
(BsuV'f_,,Bs) + H.. 43 110 (f+#)(Bsw'urc,, D 136> T He. 1335
(Bsu*Vf_,'D,;B3) + H.c. 44 111 i(f*)(Bsu, B6u ) + Hec. 1336
(B;u*V*f_,*D,;B3) + H.c. 45 112 i(f ) (Bsu,D," Beu” ;) + H.c. 1337
i(Bgu”V”f_“aMBg> +H.c. 46 113 (f")(Bsu,0,/Beu’ ;) + H.c. 1338
i(Byu*V*f_,6,,B5) + H.c. 47 114 (f+*)(Bsu*c,,D,’Beu” ,) + H.c. 1339
i(Bsu'V¥f_*0,,D,,B3) + H.c. 48 115 i( +w><1r§§1),, Be)(u,u;) + He 1340
i(Bsu*V'f_*6,,D,,Bs) + H.c. 49 116 (f+#){u,u*)(B36,)Bs) + H.c 1341
(B5utV,h**D,;Bs) + H.c. 50 117 (f+#)(u*u;)(B56,,Be) + H.c 1342
(Bsu VD wipB3) + Hec. 51 118 (f ") (u*u”)(Bs0, Dﬂp36> +H.c 1343
i(Bsu*V'h*¥c,,D,,Bs) + H.c. 52 119 (f ) (w*u’)(B56,,D,,Be) + H.c 1344

(B; u"BeV”fT V) 53 120 i(f #u,)(Bsu,Bg) + H.e 1345
(Bsu"D,*B;V*fT,;) 54 121 i(fu,)(Bsu'D,;Bg) + H.c 1346
(Bsf " f_,uB3) 122 i(f " u?)(Bsu,D,;Bg) + H.c 1347
(Bsf-*f_,/'D,;B3) 123 (f+"u,)(Bsu'c,,Be) + H.c. 1348 1
i(Bsf " f_,"0,,B5) 55 124 (f #u?)(B3u,0,,Be) + H.c. 1349 1
i(Bsf_*f_%6,,D,,B5) 56 125 (f#u?)(B3u;6,,Be) + H.c. 1350 1
i(Bsf_*h, 0,)Bs) + H.c. 57 126 (f*u")(Bsus,,D,,Be) + H.c. 1351 1
(Bsf-*BsfT,,) 58 127 (f *u*)(B5u’6,,D,,Be) + H.c. 1352 1
(Bsf*D,'BsfL,;) 59 128 (f " u?)(Bsu’s,,D,,;Be) + H.c. 1353 1
(B5h*“h,,Bs) 60 129 i(Bsf " f_, ySyDD,lB6> +H.c. 681 1 1354 1
i(Bsh*“h, c,B3) 61 130 i(Bsf " f_'vsr:D,Bs) + H.c. 682 I 1355 I
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0, su@2) & su@B) EY 0, su@2) & su@3) EY
(B3h**B3h" ) 62 131 i(Bsf . *h,*ysy,D;Bg) + H.c. 683 I 1356 1
(B3B3)(w'V¥ f_,,) 132 i(Bsf+"*h,*ysy;D,Bs) + H.c. 684 1 1357 1
(B3Bs3) (W h,,) 133 i(Bsf " h*ysy,D,;,Bs) + H.c 685 1 1358 1
(B3D*B3)(u,V*f_,;) 134 i(Bsf *ysy,D*BsfT,;) + H.c. 686 1 1359 1
(B3D"B3) ('Y, f_,,) 135 i(Bsf *ysr'D,BsfT.;) + Hee. 687 1 1360 I
(B3D* B3)(u*V ,h,;) 136 i(Bsf *ysy'D,Bgh" ;) + H.c. 688 I 1361 1
(B3D** B3) (u,V ,hy,) 137 i(B5V*f. u'ysy,D,Bg) + H.c. 689 I 1362 1
i(B sf M uu vB3) + Hee. 63 138 i(B vﬂfﬂl u'ysy,D,Be) + H.c. 690 I 1363 I
i(Bsf " u,u'D,,Bs) + H.c. 64 139 i(B3VFf Y u,ysy,D;Bg) + H.c. 691 1 1364 1
i(Bsf *u*u,D,;Bs) + H.c. 140 i(BsVAf ysy,D*Bsu’ ;) + H.c. 692 I 1365 1
(B3 f *u,u*c,,B5) + H.c. 65 141 i(BsV*f ., ysy*D,Beu’ ;) + H.c. 693 I 1366 I
(Bsf "u uﬂamB3> + H.c. 66 142 i(B3VHf P ¥sv.D,Beu ) +H.c. 694 I 1367 1
(Bsf " u*u;0,,Bs) + H.c. 67 143 i(Bsu*V, f *ysy,D;Bs) + H.c. 695 I 1368 1
(Bsf " u*u’o,,D,,B;) + H.c. 68 144 i(Bu*V*f, ysy,D;Bg) + H.c. 696 I 1369 1
(Bsf *u*u’o,,D,,B3) + H.c. 69 145 i(Bsu*V'f 1, ysy,D;Bs) + H.c. 697 I 1370 1
(Bsf ,*u*u’s,,D,;B3) + H.c. 70 146 i(Bsu*V'f ., ysy;D,Bs) + H.c. 698 I 1371 1
i(Bsf "u,Bsu’,) + H.c. 71 147 i(B3u'V"f *ysy,D,,,Bs) + H.c. 699 1 1372 1
i(Bsf *u,D,*Bsu’;) + H.c. 72 148 i(Bsf " f., rsr,D;Bs) + H.c. 700 1 1373 1
(_Bg f*u'D,;Bsu”,) + H.. 73 149 l(_ f*f . rsyaD,Bs) + Hee. 701 1 1374 1
<1_95f+””u”o',,’135urj) + H.c. 74 150 i(Bsh* f ., *ysy,D,;Bs) + H.c. 702 1 1375 1
<l_%§f+wmo,w33u2) +H.c. 75 151 i(f ") (Bsf_, vsv,D;Bg) + H.e. 703 1 1376

<§g f"uo,,Bsu’,) + H.c. 152 i(f ") (B5 f_,, vsv.D,Bg) + H.c. 704 1 1377
(Bsf **u’0,, D)’ Bsu” ) + H.c. 76 153 i(f*)(Bsh,"ysy,D,Bs) + H.c. 705 1 1378
(Byf 10D ByuTy) + He. 77 154 i(f #f_,") (Bsysy,D,Bg) + He. 1379 1
(Bsf *u*e,’D,;B5u’ ) + H.c. 155 i(f *f_*)(Bsrsy,D,Bs) + H.c. 1380 1
i(Bsf Bl ) 78 156 i(f " h,*)(Bsysy,D;Be) + H.e. 1381 1
i(Bsf "D, Bsu” ,u” ;) + H.c. 79 157 i(f*h,*)(Bsysy,D,Bs) + H.c. 1382 1
(Bsf 0, Bsu"u;) 158 i(f*h*)(Bsysy,D,,Bs) + H.c. 1383 1
<B§f+,w6”ﬂB§MTDMTl> =+ H.c. 159 i(vﬂf+}lb>< 3 ySyuDlB6> + H.c. 706 1 1384
(Bsf 10, DV Byu® ) 160 i(VA£ 1,0 ) (Buysy,D,Be) + He. 707 11385

<B3 f"0,/D,’Bsu” ,u’ ) + H.c. 161 i(VAf ) (Bsu,ysy,D,Bs) + H.c. 708 1 1386

i(B 3u"f+,4 u,B3) 80 162 i(VEf, u?)(Bsysy,D;Be) + Hee. 1387 1
i(Bsu!f,*u"D,,B3) + H.c. 81 163 i(V¥f ., u*)(Bsysy,D,Bs) + H.c. 1388 1
<1:% wf., utc,,Bs) + He. 82 164 i(Vif tvﬂu”><33y5yy1)436> +H.c. 1389 1
(Bsu"f ,*u,0,,B3) 83 165 i (B5f uf-ipBs) + H.c. 709 1390
(Bsu*f *u’0,,D,,B3) + H.c. 84 166 i (B5f  uf -1°D ,Bs) + H.c. 710 1391
(Bsu!f**u’5,,D,,Bs3) 85 167 im0 (Bsf 1, h,7D o Bg) + H.c. 711 1392
l(_ B3><f+ u u > 168 ie”ylp<33f+yuB6f /1/J> +H.c. 712 1393
i(B3D" B3)( f+,, u,u;) + H.e. 169 ie" (B5f 1 ,,D,"BsfT ,5) + H.c. 713 1394
(B30 B3)(f ' u) 86 170 i (B3u,V, f . ,°D ,,Be) + H.c. 714 1395

(B30 Bs)(f 1, u,uz) + H.c. 87 171 i€ (B3 f _uf +ipBs) + H.c. 715 1396
(B36"' D" B3)(f , usu,) 88 172 i€ (B3 f _f+1°D,oBs) + H.c. 716 1397

(B30 D" B3)(f 1, tt,u,) + Hec. 89 173 i€ (B3Bo)(f 1 f —ip) + Hec. 717 1398
i(f*)(B3u,u,Bs) 174 ie"*(B3D,°Be){f 1uif -po) + H.c. 718 1399
i(f4+)(Bsu,u'D,;B5) + H.c. 175 i€ (B5D,° Bo){f 1,11 ,q) + H.c. 1400
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0, su@2) & su@B) EY 0, su@2) & su@3) EY
<f+/w>< :3uﬂu O-U/IB§> +Hc 176 ieﬂmp<f+/w><l:;3f—i/)B6> +H.c. 1401
<f+lw>< _§M'1MAO'”DBg> 177 ie_”Mp <f+;w> <B§f—AGD/)0B6> +H.c. 1402
(f+#)(Bsu'w’6,,D,;,B5) 178 (B5VHV, f,“5,,Be) + H.c. 719 1 1403 1
(fJ”)(}uM”a,,ED,,pBg) +H.c 179 (V”V f+")(B30,,B6) + H.c. 1404
<f+}w>< 3”}461//1B§MTA> 180 < 3f+” f+;4bBé> +H.c. 720 1405
(f++*)(Bsu'o,,Bsu";) 181 (Bsf* f 1, Dy:Bg) + Hec. 721 1406
(f+#)(Bsu'0,,D,"Bsu’ ,) 182 i(Bsf. " f ., 0,1Be) + H.c. 722 1 1407 1
M\ Byt ?Bx 183 i[(Bxf MV F 723 I 1408 1
(f+")(Bsu'c,,D,fBsu’ ,) iB3f " f*6,,D,,Bs) +H.c.
<f+’“’><u”u’1> (B30,,B5) 184 i(Bgfﬂ”oﬂ’lB(;fibﬁ + H.c. 724 I 1409 I
(f ") (u'u;)(B30,,B3) 185 i(Bsf *,’D,"Bsf" ) + H.e. 725 1 1410 1
<f+”y><uiup><?30ulepB3> 186 <B B6><f+wf+;w> + H.c. 726 1411
<f+lw><uil'fﬂ><B§6MDupB3> 187 <B DMUBi6><f+ﬂ/1f+M> +H.c. 727 1412
{F ) (B o,:B5) 188 (F)(BsfoBe) + He. 1413
U ) B, 189 (f(Baf L, DB + He 1414
(f *u*)(B3u,;0,,B3) 190 i(f*)(Bsf 1, 0,,Bs) + H.c. 728 1 1415
{F ) (Bsio, Dy B3) 191 if ) (Bf PouD, By + He 729 1 1416
(F ) By, D,y B) 192 (/.#)(f ) (BsBe) + He. 1417
() By, Dy Bs) 193 (F (7L N BsDuB) + He 1418
i(Bsf M f_ ySyDD,lB3> + H.c. 90 194 (B3u*u,y. Bg) +H.c. 730 1419
l<B'3f+”bf : vsv,D,B3) + H.c. 91 195 (Bsutu'y . D,,Bg) + H.c. 731 1420
i(Bsf " h, ysy,D;Bs) + H.c. 92 196 i(Byu'u'y 0, Bg) + Hec. 732 1 1421 1
i(Bsf *h,*ysy,D,B3) + H.c. 93 197 (Bsutu,Bey" ) + H.c. 1422
l(B’;f+”bl’l ”ysyﬂDMpB3> + H.c. 94 198 (Bsutu’D,, Bey') + H.c. 1423
i(Bsf "ysy,D'BsfL,;) 95 199 i(Bsu'u’c,,Bey") + H.c. 733 1 1424 1
i(Bsf \"y5y*D,BsfT,;) 96 200 (Bsu'y u,Bg) + H.c. 734 1425
i(Bsf *ysy'D,Bsh" ;) 97 201 (Bsuty, u*D,,Bg) + H.c. 735 1426
i(B5V*f . u'ysy,D;B3) + H.c. 98 202 i(Bsu'y .u*c,,Bs) + H.c. 736 1 1427 1
i(BsVAf , Yutysy,D,Bs) + H.c. 99 203 (}E}guﬂx+BﬁuTﬂ> +H.c. 737 1428
i(BsV £ u,,ysbeAB3> +He. 100 204 (Bsu'y, D,*Beu”,) + Hee. 738 1429
i(BsVAf, ysy,D*Bsu’ ;) 101 205 i(Bsu'y . 0,"Beu’,) + H.c. 739 1 1430 1
i(B3VAf  ysy* D, Bsu” ;) 102 206 (Bsu*Beu” ") + H.c. 1431
i(Bs V"fﬂ’lysyﬂD Bsu”)) 103 207 (Bsu*D,*Beu” xT) + H.c. 1432
i(f ") (B5f- —u *ysy,D,B3) 104 208 i(_Bgu”Uﬂ”BéuTb)ﬂ) + H.c. 740 I 1433 1
i{(f *)(Bsf_,'rsy,D,B3) 105 209 (l_?g;@ru/‘uuBG) +H.c. 1434
i(f " ><thﬂ ys7.D,B3) 106 210 (Bsy,u'uD,, Bg) + H.c. 1435
i(f *f_")(Bsrsy,D;B3) 211 i(Bsy u"u“c,,Bs) + H.c. 1436 1
i(f"f-y “Y(B3ysy;,D,B5) 212 (1:93Bﬁ><u”uyj(+> + H.c. 1437
i<f+wh;4 ><?37’57uD,133> 213 <B_3D”DBG><”;4”1/)(+> +H.c. 1438
i(f*h,*)(Bsysy,D,B3) 214 i(B36" Bg)(u,u,y.) + H.c. 1439 1
UF 100) (B, ) 25 (uwu,) (B Be) +He. 1440
i(VFf 2 (Bsutysy,D;Bs) 107 216 (u"u”)(Bs3y,D,,Bgs) + H.c. 1441
i(V#f ") (Bsuysy,D,Bs) 108 217 <uﬂx+><§?3u,,36> +H.c. 1442
i(VHf ) (Byu,ys7,D;Bs) 109 218 (uy.)(Bsu* D, Bg) + H.c. 1443
i(VAf . “u*)(Bsysy,D,Bs) 219 i(u'y.)(Bsu’c,,Bg) + H.c. 1444 1
i(v”f+”ybt2><:§ 5]//1D Bg) 220 <X+><t:?§u”uﬂ36> + H.c. 1445
VT 4, ) (Bayop, DB3) 21 G B D, By + He. 1446
le”Mp <B3f+/41/f—/1pB3> +H.c. 110 222 l<%+> <B§M”M"G”DB6> + H.c. 1447 I
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0, su@2) & su@B) EY 0, su@2) & su@3) EY
i€ (Bsf 4, f-1°D,.B3) + H.c. 111 223 i(x.)(Bsu'o,'Beu”,) + H.c. 1448 1
i (B5f ,,h,°D,,B3) + H.c. 112 224 (B3u"Vy  ysy,D,Bs) + H.c. 741 T 1449 1
(B5VHV, f“c,,Bs) 113 225 (B5u"V¥y,ys7,D,Bs) + H.c. 742 1 1450 1
(V¥V,f **Y(B30,,B3) 226 (Bsu!ysy*D,BsV,x") + H.c. 743 1 1451 1
(B5f " f 1 uB3) 114 227 (Bsf_"y.ysr.D,Bs) + H.c. 744 1 1452 1
(Bsf *f,*D,;B5) 115 228 (Bsf _*ysy,D,Bex’) + Hee. 745 1 1453 1
i(Bsf *f,, 0,,Bs) 116 229 (Bsy f-*ysy,D,Be) +H.c. 746 1 1454 1
i(Bsf " f1#6,uD,,B3) 117 230 (Bsy "*ysy,D,Bs) + H.c. 747 1 1455 1
(Bsf #BsfT,,) 118 231 (B5Viy u*ysy,D,Bg) + He. 748 1 1456 1
(Bsf*D,’B3f",)) 119 232 (u"V"*y ) (Bsysy,D,Bg) + H.c. 1457 1
(B3B3)(f * [ 1) 120 233 (u"V"x ) (Bsysy,D,Bs) + H.c. 749 1 1458 1
(BsD*B3){f 1" f 1ua) 121 234 (f-*x1)(Bsrsy,D,Bs) + H.c. 750 1 1459 1
(f+")(B5f 0 B3) 235 (¢ )(Bsf*vsr,D,Bg) + H.e. 1460 1
(f*)(B 3f+;/1 1iB3) 236 (Viy.)(Bsuysy,D,Bs) + H.c. l461 1
(f7)( f+,,,,)(B3B3> 237 (B5VFV 1, Bg) + H.c. 751 1462
() (f1,") (BsD,;B5) 238 (VAV} (B3Bg) + Hec. 752 1463
(Bsu*u,y . Bs) + H.c. 122 239 (B3f "y, 0,,Bs) + H.e. 753 1 1464 1
(Bsutu'y D, Bs5) + H.c. 123 240 (Bsif " 0,,Bsx") +H.c. 754 1 1465 1
i(Bsu'u'y ,0,,B5) + H.c. 124 241 (B ;(+f+" 0,,Bs) +H.c. 755 1 1466 1
(Bsu'u,Bsz%) 242 (f ") (Bsx0,,Be) + Hec. 756 1 1467
(Bsu'u*D,, Biys) 243 (f++*){(x+)(B30,,Bs) + H.c. 757 1 1468
i(Byu'u*o,,By’) 125 244 (f+"x1)(B30,,Bs) + H.e. 758 1 1469 1
(Byu''y u,Bs) 126 245 () (Bsf /wBé) +H.c. 1470 1
(Bsuty  u*D,,B3) 127 246 (Biy2 Bg) + H.c. 759 1471
i(Bsuty u",,Bs) 128 247 (B3Be) (#%) + H.c. 760 1472
(Bsu'y, Bsu",) + H.c. 129 248 (r+)(Bsx,Bs) + H.e. 1473
(Bsu'y D,*Bsu”,) + H.c. 130 249 (r.)(r+)(B3Bg) + H.c. 1474
i(Bsu'y . 0,'Bsu’,) + H.c. 131 250 i(Bsu'uy_ysy,D,Bs) + H.c. 761 1 1475 1
(B3B3)(u'u,x . ) 132 251 i(Bsu'u"y_ysy,D,Bs) + H.c. 762 I 1476 1
(B3D" B3) (u,u,x ) 133 252 i(Bsu'uysy,D,Bey™) + H.c. 763 1 1477 1
i(Bga“”Bg)(u”uU)(_,_) 253 i(Byutu” Ysr.Dy BeyT) + Hec. 1478 1
(u"w,)(Bzy,B3) 254 i(Bsu'y _u"ysy,D,Bs) + H.c. 764 1 1479 1
(u*u*)(Bsy . D,,Bs) 255 i(Bsu'y_u"ysy,D,Bg) + H.c. 765 1 1480 I
(u'y . )(B3u,B3) 256 i(Bsuy_ysy,D"Beu’,) + H.c. 766 I 1481 1
(u*y.)(Bsu*D,,B3) 257 i(Bsu'y_ysy*D,Bgsu’ ) + H.c. 767 1 1482 1
(x+)(B3u"u,B3) 258 i(Bsu!ysy,D"Beu" ") + H.c. 768 1 1483 1
(x+)(B3u*u*D,,B5) 259 i(Bsu!ysy*D,Besu” ) + H.c. 1484 1
i(xy)(Bsuu’c,,B3) 260 i(Bsy_u'u’ysy,D,Bs) + H.c. 1485 1
(r+)(Bsu*Bsu’,) 261 i(Byy_u*u’ysy,D,Bs) + H.c. 1486 1
(x+)(B3u"D,"Bzu’ ) 262 i(Bsysy* D" Bg) (u,u,y_) + H.c. 1487 1
(B5uV*y,ysy,D,Bs) + He. 134 263 i(Bsysy"D*Be) (u,u,x_) + H.c. 1488 1
(Bsu'V “x+vsr,D,B3) +H.c. 135 264 i(w'u’) (Byy_ vs7uDyBe) +H.c. 1489 1
(Bsf_"x.ysr,D,Bs) +H.c. 136 265 i(uy_)(Bsu"ysy,D,Bg) + H.c. 1490 1
(B3VHV x, B3) 137 266 i(uy_)(Bsu"ysy,D,Bg) + H.c. 1491 1
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0, su@2) & su@B) EY 0, su@2) & su@3) EY
(V/‘V”;(+)<B3Bg> 138 267 i(y_)(Bsu*u*ysy,D,Bg) + H.c. 1492 1
(Bsf "y 10,,B3) + 139 268 i{x_)(Bsu'u"ysy,D,Bg) + H.c. 1493 1
(Bsf o B3;(+> 140 269 i(y_)(Bsu'ysy,D*Beu",) + H.c. 1494 1
(f+ ><B3)(+6WB3> 141 270 i(B3u'V,y_Bg) + H.c. 769 1495
(£+**)(x+)(B50,,Bs3) 142 271 i(Bsu*V*y_D,,Be) + H.c. 770 1496
<f+ “x+)(B30,,B3) 143 272 (B5u"V¥y_0,,Be) + H.c. 771 1 1497 1
(x+)(Bsf"0,,B3) 273 z(B3u”B6V},;( )+ H.c. 772 1498
(B3yiBs) 144 274 (Bsu's,*BgV,xT) + H.c. 773 1 1499 1
(Bsx.B3x") 145 275 (Bsf_"y_0,,B) + Hec. 774 1 1500 I
(B3B3) (%) 146 276 (Bsf_*0,,Bex") + H.c. 775 1 1501 1
() (Bsx+Bs) 277 (Bsy_f_"6,,Be) + H.c. 776 1 1502 1
(1) (r4)(BsBs3) 278 i(Byy_h* D,,,,B6> +Hec. 777 1503
i(Bsu'u’y_ysy,D,Bs) + H.c. 147 279 i(B3V*y_u,Bs) + H.c. 778 1504
i(Bsu'u’y_ysy,D,Bs) + H.c. 280 (B;V¥y_u*c,,Bg) + H.c. 779 1 1505 1
i(Bsu'u’ysy,D,Bsx") + H.c. 148 281 i(B3Bg)(u'V,x_) + H.c. 780 1506
i(Bsu'y_u"ysy,D,Bs) + H.c. 149 282 i(B3D* Bg)(u,V,y_) +H.c. 1507
i(Bsu'y_ysy,D*Bsu’,) + H.c. 150 283 (u*Vy_)(Bs0,,Bs) + H.c. 781 1 1508 1
i(Bsu'y_ysy*D,Bsu’,) + H.c. 151 284 (f-*x_)(B30,,Bs) + H.c. 782 1 1509 1
i{Bsysy* D" Bs) (u,u,x_) +H.c. 285 (x_){(Bsf_*6,,Be) + H.c. 1510 1
i(y_)(Bsu'u*ysy,D,Bs) + H.c. 286 i(V#y_)(Bsu,Bs) + H.c. 1511
i(BsuV _Bs) + H.c. 152 287 (Viy_)(Bsu“c,,Bs) + H.c. 1512 1
i(B3u"V'y_D,,Bs) + H.c. 153 288 (Bsf+*x_ysy,D,Bg) + H.c. 783 1 1513 1
(B3u*V*y_0,,B3) +H.c. 154 289 (Bsf*ysy,D,Bsy") + H.c. 784 1 1514 1
(B3u/‘B;Vﬂ)( ) 155 290 (Bsy_f+"ysy,D,Bg) + H.c. 785 1 1515 1
(Bsf_"x_0,,B5) + H.c. 156 291 (f+*Y(Bsx—rsy,D,Bs) + H.c. 786 1 1516
i(B3B3) (' V 1) 157 292 (f+#)(¢_)(Bsrsy,D,Be) + H.c. 787 1 1517
i(B3D* Bs) (u, V) 293 (f "y _)(Bsysy,D,Be) + H.c. 788 1 1518 1
i(Viy_)(Bsu,Bs) 294 (x=)(Bsf+*ysr,D,Bs) + H.c. 1519 1
(B3f+ “x-ysv.D,B3) + H.c. 158 295 (B3x2Bg) + H.c. 789 1520

(B3 f *ysy,D,Bix™) 159 296 (x_)(Bsx_Bs) + H.c. 1521
<f+*‘”><B3;( vs7,D,Bs) 160 297 (DD, F;*)(B56,,Be) + P.C.H. 790 1

(F#) =) (Bsysy,D,Bs) 161 298 (Bs B6)<FL/“’FLW) +P.CH. 791 1522
(f*x_)(Bsrsy,D,B3) 162 299 (B3D*Bg)(Fp,*Fy,;) + P.C.H. 792 1523

(=) (Bsf #¥sy,D,B3) 300 (FL)(FL,,)(B3Bs) + P.CH. 793

(B3x*Bj3) 163 301 (F ")(F;,*)(B3D,,Bg) + P.C.H. 794

(Bsx-BsxlL) 164 302 (B3Bg) (xx') + H.c. 795 1524
(y_){(B3y_Bs) 165 303 (B3 det ;(Bf,> +H.c. 796

(x-){x-)(B3B3) 304 (Bsu'u,u’utysy,By,) + He. 797 1525
<D”DMFLM><B§6WIB§> +P. 166 <B3u"u u’u'ysy,B;,) + H.c. 1526
(B3B3)(F " Fp,,) +P. 167 305 (Bsu'u’u,u'ysy,By,) + H.c. 798 1527
(B3D"Bs3)(Fp,*Fp,;) +P. 168 306 (Bsu"u¥u u’ly5yiBé )+ H.c. 799 1528
(F*)(Fpu)(B5Bs) + P. 169 (Bsutu’u,u’ysy,Bg,;) + H.c. 1529
(Fp*)(Fp,*)(B3D,,B3) + P. 170 (Bsu'u¥u u‘ysnB ) +He. 1530
(B5B3) (xx") 171 307 (Bsu'u¥ utu LYs7aBg,) +Hee. 1531

(Bs detyB;) + H.c. 172 (Bsuu’utu,ysy,Bg,;) + H.c. 1532
(Bou! u,u’u,Bg) 173 1 308 1 (Bsu'uu u,,y;y”B&Q +H.c. 1533

(Table continued)
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TABLE VIII. (Continued)

0, su@2) & su@B) EY 0, su@2) & su@3) EY
(Bgu*u” u,u,Bg) 174 1 309 I (Bsu'uu'uysy,B;,)+H.c. 1534
<1?6u”u”upuﬂ36> 310 1 @i wutuyysy,Be,) + Hee. 1535
(Boutu,u”u “D,;Bs) + H.c. 175 | 311 I (Bsu'u’u u/lYSVuBsﬂ> + H.c. 1536
<?6uﬂu uﬂulDbiB6> + H_C. 176 I 312 I <? Aul)yS}IMDl/lng> + H.C. 800 1537
<§6uﬂu”uyu4DMB(,> 313 1 (B u*u’ysy,D,,Bg,) + H.c. 801 1538
(Bgu"u*u*u,D,,Bg) 314 1 (Bsufuu u/’ysyﬂDM,Bﬁﬁ +H.c. 1539
(Bgu'u*w'u’ D, Be) 177 1 315 1 (Bsulutululysy,D B+ He 802 1540
i(E6u”u”u u ()'MB6> + H.c. 178 I 316 I (Bsuuwu'u’ysy,D,,B;,) +H.c. 1541
i(Bgu!u’u,u'c,)Bs) + H.c. 179 1 317 I (Bsu"u’u upysyl,D,lﬂBG ) +H.c. 1542
i(Bgutu”u,uc,;Bg) 318 I (Bsuu'u'u’ysy;D,,B;,) + H.c. 1543
l(?s“”“””'lu 6,,Bs) 319 1 @3 “u ””75)’/1D;¢p ) +He 1544
i(Beu"u*u*u’c,,D,;,Bs) + H.c. 180 I 320 I (Bsu'uu*u’ysy,D,,B 6u) T Hee. 1545
1(1:36u"u u*u’c,,D,,Bs) + H.c. 181 I 321 I (1:93 utu’ysy,D,,Bg,) + H.c. 1546
l(_ﬁu/‘u u*u’c,,D,,Bg) 322 I (l_? “utulysy, MB()I) +H.c. 1547
i(Bgutu*u u"aMD 6) 323 1 (Bsu!uu u"ySyPDMBéﬂ> +H.c. 1548
(Bgu!u,u*Bsu’ ) + H.c. 182 1 324 1 (Byu'u,u’ysy,Bi*u’,;) +H.c. 803 1549
(Bgu*u’u,Bou' ) 183 I 325 I (Bsu'u,u ysyiBmu 1) +Hec. 1550
(1:96u”u u’D,*Bgu” ;) +H.c. 184 1 326 1 (1:9 wulu,ysy,Btu® ;) + He. 804 1551
(Bgu!u’u,D,*Beu” ;) 185 I 327 I (Bsu"u’u,ysy’Bi,u’,;) + H.c. 805 1552
(Bgu*uu*D,,,Bsu” ;) + H.c. 186 1 328 I (Bsu*u’u,ysy,Bg*u’”,;) + H.c. 1553
(Bf,u”u”u’lDMBﬁu 2 329 1 (Bsu"w uby5yﬂBﬁﬂuT ) +H.c. 1554
(B_(,u”u u*D,,," Bu” ,) 187 I 330 I (}?3 W utu y5yﬂB6u ) +H.c. 1555
l(f} u'u,u’e,*Beu’ ;) + H.c. 331 I (l_? wut ut 757 Bm” 7))+ H.c. 1556
i 6u"u u 6”1,361/! 1) +Hec. 332 1 (Bsutu'ulysy,Biu’,) + H.c. 1557
1(1:9614”14 u'c,;Beu”,) 333 1 (1:33 ”u u ySy,/BgAu ”> +H.c. 1558
i(Bgu"u*u aﬂbD{’Bﬁu T)+Hec. 334 I (Bsu* y5y,136”u ,) +H.c. 1559
1(1:361,[/‘1,[ GMDDPBMAT,,) 335 I <?3 Yu 757,136,, u) +He. 1560
i(Beu'u’u*c,”D,;Beu’ ,) + H.c. 336 I (Bsu'u‘u ySyI,DMB /’uT/,> +H.c. 806 1561
(Bgu'u, Beu™u' ) 337 1 (B ”u w'ysy,D,’Biu’ ) + H.c. 807 1562
(]?6u/‘u”B6uT”uTU> 188 I 338 I ({3 Yu ysy”D/’Bzy T,)+Hec. 808 1563
(Bgu!u*Bu” ,u’ ) 339 I (B /‘u utysy,D,;BgPu’ ) + Hee. 1564
(Bgutu,D"*Bgu” ,u” ;) 340 I (Bsu*w*u'ysy,D,’B,u’,) +H.c. 1565
(Bgu'u’D,*Beu” ,u” ;) + H.c. 189 I 341 I (Bsu"v’u ysbelpBgﬂ T,)+Hec. 1566
(Beuu D,/ Bou” ju”,) + Hee. 3421 @;3 Y ysylpﬂy& Wl )+ He, 1567
(B_ wu’D,, " Beu" ju” ) 343 1 (Bsu ”u utysy,D,/Bi,u’,) + H.c. 1568
(1_9 utu, 6" Beu” u’;) 344 1 (1_92 u'ysy,D,”Bg,u”,) + H.c. 1569
i(Beu'u'o, ABeulu’)) + He. 345 1 ({g “utysy’D, BMMT/Q +H.c. 1570
i(Bgu!u’c,, D" Beu" ju” ,) 346 1 (Byu*u*uysy’D,;Bi,u’,) + H.c. 1571
i(Bgu'u’c, AD S Beu"u”,) +H.e. 347 1 (Bsw'u*u'ysy’D,B;,u’,) +He. 1572
(Béu”Bﬁ)(u u’u,) 348 I (Bsu'u ;/5;/"3*’1 T, Tﬂ> +H.c. 1573
(1? u*D," Bg) (u,utu;) 349 1 (}E} wu,ysy’ Betu u” ) + Hee. 1574
(BGM”D”BG)(MMM,,W) 350 I (Bsu'u’ysy,Bi*u” u”;) + Hec. 809 1575
(Bu" D, Bg)(u,uyu,) 351 I (Bsuuysy,B; A T uTD> +H.c. 1576
(BgBg) (utu,,) (u”u,) 352 1 (Bsututysy, B*Au u’;) + H.e. 1577
(1:96B6)<u”u”)<uﬂu ) 353 1 (l:? u'u'ysy,Bitu ,lu >+H c. 1578
(BsBe) (u'u,uu,) 354 1 (Bsu'u’ysy,D,*Biu” u” ) + H.c. 810 1579
(BsD" Bg) (u,u,) (u*u,) 355 I (Bsu"u"ysy,D ’136/’14 Lu';) +He. 1580

(Table continued)
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TABLE VIII. (Continued)

0, su@2) & su@B) EY 0, su@2) & su@3) EY
(BsD" Bg) (u,u*) (u,u;) 356 1 (Byu'uysy, D’V’B6 u';u’ ) +H.c. 1581
(Bg D/‘”Bﬁ)<u u,utuy) 357 1 (Byu*u'ysy,D,'Bgu”ju”,) + H.c. 1582
<B D* B (u,u,) (uyu,) 358 1 (Bsu'uysy,D, By’ u” ,,u 7)) +H.c. 1583
i(Bo" Bg) (u,u,u’u,) 359 I (Bsu'u* y5yDD’1”B6 ulyu’ ) + H.e. 1584
i(Bgo"* D" Bg) (u,u,uu,) 360 I (Bsysy*Bg")(u,u,utu;) +H.c. 1585
i(u'u,)(Bgu*uc,)Bg) 361 1 (Byysy"B")(u,utu,u;) + H.. 1586
i(u'u)(Beu*u’c,,D,,Bg) + H.c. 362 1 (Byysy"D"*B)(u,u,uu,) + Hee. 1587
(u*u,)(Bu”Bgu' ) 363 1 (Bsysy"D"Bg)(u,u,u,u;) +H.e. 1588
(uu,)(BguD,*Beu’ ;) 364 I (uwu,)(Bsu’u’ysy,B,) +H.c. 1589
(Bgu!u, f_“*ysy,D,;Bg) + H.c. 365 I (uw'u,)(Bsu’u’ysy,B;,) + H.c. 1590
(Bgutu* f_,'ysy,D;Bg) + H.c. 190 1 366 1 (uu)(Bsu,uysy,B;;) +He. 1591
(Bgu'u”f_,'ysy,D,Bg) + H.c. o1 1 367 1 (uu)(Bsu'u’ysy,D,B;,) + Hec. 1592
(Beuu*f_,*ysy,D;Be) + H.c. 368 I (wu)(Bsu'wysy,D,,B;;) + H.c. 1593
(Bou'u’f_,*ysy,D,Be) + H.c. 369 I (wu)(Bsu* uﬂy5y,,D,1pBGu> +H.c. 1594
(Bsu'u* f_*ysy;D,,,Bs) + H.c. 370 1 (utw,)(Bsu'ysy, B u”,) + Hee. 1595
(Bgu!u,h**ysy,D,Bg) + H.c. 371 I (wu)(Bsu'ysy,D,,Bi"u’ ) + H.c. 1596
<Bﬁuﬂuvh Yysy,D,Bg) + H.c. 192 1 372 1 (Bsu'u,f “*D,B;)+H.c. 1597
(Beu"u*h,ysy,D,Bg) + H.c. 193 1 373 1 (Bsuwwf_,/'D,B;)+Hec. 811 1598
(Bou ”h,/ysy”D ,Bg) +H.c. 374 1 (Bsu'w'f_,'D,B;,) +H.c. 812 1599
(Bgu*u*h,*ysy,D,Bs) + H.c. 375 1 (Bsu'wf_/D,B;,) +H.c. 813 1600
(Bgu"u*h*ysy,D,,,Bs) + H.c. 194 1 376 I (Bw'uf_’'D,B;,)+Hec. 814 1601
(Bgu"u*h*ysy,D,,,Bs) + H.c. 377 I (Bsu'u'f_*D wiBs,) + H.c. 1602
(Bgu"u*h*ysy,D,,,Bs) + H.c. 378 1 i(Bsu'urf- ﬂ/’a D)Bg,) +H.c. 815 1603
(Bgu'u"ysy,D*BsfT,;) + H.c. 195 I 379 1 i(Byu'u’f_ ﬂ/a uDyB,) + He. 816 1604
(Bgu'u'ysy*D,, Bﬁf ) +He. 196 1 380 1 i(Bsu'u'f_*6,D,B; )+ H.c. 817 1605
(Bou"u ysy’lD Beh™,;) +H.c. 197 | 381 I i(Byu'u'f_*6,,D Bﬁp) + H.c. 818 1606
(Bouf_,u'ysy,D;Bg) + H.c. 382 1 (Bsuw'u,h*D,B,) + H.c. 1607
(Bgu!f_,*u*ysy,D,Bg) + H.c. 383 I (Bsu*u’h,'D,B;,) + H.c. 819 1608
(Bou'f_,"ysy,D'Beu’ ) + H.c. 198 I 384 I (Bsuwuh,D,B})+H.c. 820 1609
(Beu!f_,"ysy*D,Beu” ;) + H.c. 199 1 385 1 (Bsuu’h,/D,B;,)+H.c. 1610
(Bou f_ M;/5;/,,D Beu',) + H.c. 200 I 38 1 (Bsuuh,’D;B;,)+Hec. 1611
(Beu" f _“*ysy,D,Beu’ ;) + H.c. 201 I 387 I <B3u/‘u”hiﬂDmlBgﬂ> +H.c. 1612
@ utf _“ysy,D,;Beu’ ) + H.c. 202 I 388 1 @WMMWPDWBgD) +H.c. 821 1613
(Bsuf _“ysy,D,"Beu” ,) + H.c. 203 1 389 1 (Bsuuh¥D,,B;,) + He. 1614
(Bgu*h,*u*ysy,D;Bg) + H.c. 390 I i(Bsu*u'h*s,, D,;B;,) + H.c. 822 1615
(Bgu!h, ysy,D*Bsu’ ;) + H.c. 204 I 391 I i(Bsu ”u”h"’a AD Bg,) + H.c. 823 1616
(Bgu*h,*ysy*D,Bsu’ ;) + H.c. 205 I 392 1 (B wu'h*c,,D,B;,) + H.c. 1617
(Bg uﬂh“ysy,,D Beu”,) + H.c. 206 I 393 1 uﬂu”hﬂ/’aMD B;,) +H.c. 1618
(Bsuh**ysy,D,Bsu” ;) + H.c. 207 1 3% 1 (Bsu'u'D,BifT,;) +H.ec. 824 1619
(Bgu*h**ysy,D,,”Bsu’ ,) + H.c. 208 I 395 1 (Bsuwu'D,B{*fT,) +Hec. 1620
(Bgu"h**ysy’D,,;Beu’ ,) + H.c. 200 1 3% 1 (Bsu'u'D'Bg,fT,)+Hec. 825 1621
(Beysy" D" Be) (u,u*f_,;) + H.c. 397 1 (Bsu'wD'BL,fT,;) + He. 1622
(Bgysy" D" Bg) {u,u f_M) +H.c. 398 I i(Bsu'uo, iD By fT,,) +H.. 826 1623
(Bgysy"D*Bg)(u,u*h,;) + H.c. 399 1 i(Bsu'u'o, ‘DﬂB S, +He. 1624
(Bgysy"D*Bg){(u,u*h,;) + H.c. 400 I i(Bsutu‘o, /ID B*PfT ,) +He. 1625
(Bgysy" D" Bg)(u,, uth +H.c. 401 I (B u'f_, ﬂDDB6 ) +He. 827 1626
" (Bgu,u,f_;,Bs) + H.c. 210 1 402 I (B 3uﬂf_”b w'D,B;,) +H.c. 828 1627
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TABLE VIII. (Continued)

0, su@2) & su@B) EY 0, su@2) & su@3) EY
e (Beu,u,f_1°D,,Bg) + H.c. 211 1T 403 1 (Bsu!f Mu .D,B;,) +H.c. 1628
e;wﬂﬂg:e u,u’f_,,D,,Bg) +H.c. 212 1 404 I (1:9 w'f_“u,D,B;,) + H.c. 1629
% (Bgu,u,h;°D,sBg) + H.c. 213 1 405 1 (Bsu'f “u,D,B;,)+H.c. 1630
e (Beu,u’D,,Bsf";,) + H.c. 406 1 (Bju'f_ MuﬂDWB ) +He. 1631
e (Bgu, f_Mu D,,Bg) + H.c. 214 1 407 1 i(Bsuw'f_*w6,,D,B;,) +Hec. 829 1632
e (Bou,f;Bsu’ ,) + H.c. 408 1 i(Bsu'f Yo, D ,B;,) +He. 830 1633
" (Bu, f_,,D,"Bsu’ ;) + H.c. 409 T i(Byu'f uﬂa ,D,B;,) + H.c. 1634
e (Bou, f_,"D,sBeu’ ) + H.c 410 1 i(Bsu'f_ uraMD,,ng> +Hec 1635
"% (Bgu,h,°D,,Beu’ ,) + H.c. 411 1 (Bsu'f_'D,Bu’,) + He. 831 1636
" (BgD,"Bg) (u,usf _;,) + H.c. 412 1 (Bsutf_ VDABMM ) +He. 832 1637
& (u,u) (Bof -1 o Be) 413 1 (Bsu'f_“'D,Bu",) +Hec. 833 1638
e (u, f_,;)(Bou,Bg) 4141 (Bsu'f_“'D,Biu",;) +H.ec. 834 1639
e (u, f_,;)(Bsuu" D,y Bs) 415 1 (Bsu'f D BgMT ) +H.c. 835 1640
"% (u,h,”)(Bgit; D ) By) 416 1 (Bsu'f_ ‘D SB,u” )+ He. 836 1641
(Beu'V"f_,,Bg) + H.c. 215 1 417 1 (B w'f_Yo,,D;B¢u’ ) + H.c. 837 1642
(Bu'V*f_,*D,;Bs) + H.c. 206 1 418 T i(Byu'f_ % DB u ,,> +He. 838 1643
(B_ﬁuMV”f_/DMB@ +H.c. 2171 419 1 i(Bsutf ‘6,/D,Bgu’ ) + He. 839 1644
i(Bgu'V, f_*6,,Bs) + H.c. 218 1 420 1 i(Bsu'f_“o,D, B6"qu> +Hec. 840 1645
i(Bu"V*f_,'6,,Bs) + H.c. 219 1 421 1 (Byu'h}'u’D,B;)+H.c. 1646
i(Bgu'V*f *6,,D,,B5) + H.c. 220 1 422 1 (B; mh v *DAB* )+ H.c. 1647
i(BeuVVf_ ‘/’6,,,1D »Bs) +H.c. 221 T 423 1 (B u"h u,D,B;) +H.c. 1648
Beu'V,h**D,,;Bs) + H.c. 222 1 424 I (Bsu*h**u,D,B;,) + H.c. 1649
3 64
(B ﬂVWﬂDM,BG) +H.c. 223 1 425 1 (Bsu"hu D,IBW) + H.c. 1650
BsuV'h*6,,D,,Be) + H.c. 224 1 426 1 (Bsu"h*w’D,,;B: )+ H.c. 1651
p 3 WAL 6p
<1'9 w'BeV fL,,) 25 1 427 1 (B u/‘h”uPDM,BM> +He. 1652
(Beat D, BV 7,5) 226 1 428 1 (Byu'hwD,,B;,)+Hc. 1653
(Bof " f_,uBs) 429 1 i(Bsuh*u’s,,D;B;,) + H.c. 1654
B v suth"*ul e, )+ H.c.
(Bof-*f-u"D.;Bg) 430 1 i(Bsu'h*ws,,D,B;,) +H 1655
i(B f_””f_,, 0,1Bs) 227 1 431 1 i(B; ﬂhvﬂuﬂa ,D,B;,) +H.c. 1656
i(Bef " f_*6,,D,,Bg) 228 1 432 1 I(B uh uP GW,D B;,) +H.c. 1657
i(Bsf_*h,'0,)Bs) + H.c. 229 1 43 1 (Bsu'ht'D B*lum +H.c. 841 1658
(Bef - ””Bﬁf ) 230 I 434 1 (Byu'h ”D‘Béu ,) +He. 842 1659
(Bof D, *B6fTM> 231 1 435 1 (Bsu'h*D,Bju’,)+H.e. 843 1660
(Boh* h,, B) 232 1 436 1 (Byu'h”D,Bju’;) + He. 1661
i(Bsh*"h,’c,,Bg) 233 I 437 I (Bsu"h"*D Bglu . +He. 1662
(Bs h"”BﬁhT v) 234 1 438 I (Bsu'hD,,Biu’,) +H.c. 844 1663
(BsBe) (u' V¥ f ) 439 1 (Bsuh“D, /’Bmu ) +He. 845 1664
(BeBs) (" 1) 440 1 (Bj WD, By u,) + He. 1665
BsD" Bg) (u,V*f_,, 441 1 i(Bsu'h*s, DAB*/’u +H.c. 1666
3U
(Bg D Bg) (1 v 42 1 i(Bsu'h*o,,D’Bg,u p> +He. 1667
(BsD" Bg) (u*V ,h,,;) 443 1 i(Bs uﬂh% ’D,B;,u’,) + H.c. 846 1668
(BsD** Bg)(u,, V Jhp) 444 T i(Bs u"h”’la ’D,B¢,u’ ) +H.c. 1669
i(Bof #u,u,Bg) + Hee. 235 1 445 1 (Bsu'D,B;*u™fT,) +H.c, 1670
i(Bg f+””u uﬂDMB6> +H.c. 236 1 446 1 (B u”D”B* TafT ) 4+ Hec. 1671
i(Bgf *u*u,D,;Bg) + H.c. 447 1 (B uﬂDvB*‘ T fLu) +He. 1672
+ 3
<1_96f+’“’uﬂu 6,,Bs) + H.c. 237 1 448 I (Bj ﬂD”B*AuT fT ) +H.c. 1673
(Bof #*u'u,0,,Bg) + H.c. 238 1 449 1 i(Bsu'o, ”D’lB*f’u AT, + He. 1674
(Bgf *u*u;0,,Bq) + H.c. 239 1 450 I i(Bsu'o, ”DAB*/’u ,fL,) +He. 1675
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TABLE VIII. (Continued)

0, su@2) & su@B) EY 0, su@2) & su@3) EY
(Bﬁfﬂ”u'{u/’o”DDlpBQ + H.c. 240 I 451 I i(B; ”g”‘D B u',fT;,) +He. 1676
(Bgf*u*u’o,;,D,,Bg) + H.c. 241 1 452 1 (1:93f MbuﬂuiD B;,) + H.c. 1677
(Bef " u*u’5,,D,,;Bg) + H.c. 242 1 453 1 (Bsf_*™u,u’D,B},) +H.c. 1678
i(Bof M u, B6u L)+ He. 2431 4541 (Bsf mutu,D,By,) + He. 1679
i(}?(, f*u,D,*Beu’ ;) +H.c. 244 1 455 1 (Bsf_™ulu DABM> +H.c. 1680
i(Bof " u'D,;Beu" ) +H.c. 245 1 456 1 i(Bsf_"u'v's,D,B;,) +Hec. 1681
(Bef 1 uﬂa ‘Beu,) +H.c. 246 1 457 1 i(Bsf- ﬂvuﬂuﬂg D, B,) + He. 1682
(Bgf " u*c,,Bsu” ;) + H.c. 247 I 458 I i(Bsf_ ””uﬂu/’a}wD B, +H.c. 1683
(Bef i "™u G/MB6M ) +H.c. 459 1 (BsD'By*)(uu*f_,;) + H.c. 1684
(Bgf*u*c,,D)’Beu” ) + H.c. 248 1 460 T (BsD"By)(uu*f_,;) + He. 1685
<{?ef+"”ula,quB@qu> +H.c. 249 1 461 1 (Bj D"Bg”)<u u,f_,;) + He. 1686
(Bof “u'o "DMBéuTM +H.c. 462 1 (B; D"B*”>< u,f )+ He. 1687
i(Bgf #Beu" ,u’,) 250 1T 463 1 (B3D'Bi“){u u/lf_}w> +H.c. 1688
i(Bsf *D,*Bu” ,u” ;) + H.c. 251 1 464 1 (B; D"B*”)(u u*h,;) + H.c. 1689
(Bof " 0,,Bou"u’ ;) 465 1 (BsD"Bg)(u,uhy;) + Hec. 1690
(Bsf "o, Bu” ,u”;) + H.c. 466 1 (BsD"B)(u'u ;M> +H.c. 1691
(Bof " 0,, D Bou ;u’ ) 467 1 (B; D/‘”B*/’><uﬂuy fi) +He. 1692
(Béfﬂ”a *D,’Beu” ju” ) + H.c. 463 1 <B3D"”B*p>(u u,hy;) + H.c. 1693
i(Beu"f 1", Bg) 252 1 469 1 i(B30™D'BY)(u,u,f_,,) +Hu. 1694
i(Beu"f,*u’D,;Bg) + H.c. 253 1 470 1 i(B3o"D'B)(u,u,f-,) + He. 1695
(Bouf ., W', Bg) + H.c. 254 1 471 1 i(Byo" DB (wu,f_,;) + He. 1696
(B¢ uﬂfﬂuﬂamBG) 255 1 472 1 i(Byo"D'BY ><u u,f,,) +He. 1697
(Bou!f . “*uf5,,D,,Bg) + H.c. 256 1 473 1 z<BgaﬂVDﬂB* ) hy,) + Hee. 1698
(Beu'f. " u’c lDﬂpB6> 257 I 474 I i(B3o"D*B)(u,u;h,,) + H.c. 1699
i(BBg) (f " u,u,) 475 1 z(Bga””D’lBg/’Mu”u,,h ,) + He. 1700
i(BoD" Bg)(f 1, u,u;) + H.c. 476 1 (ww)(Bsf_,/D,B:,) + H.c. 1701
(Beo™ Bs){f ' tt) 258 1 477 1 (w'w)(Bsf., D;B;,) +He, 1702
(B0 Be)(f " u,u) + Hec. 259 1 478 1 i(wu)(Bsf_¥0,,D,B;,) +Hec. 1703
(Boo" DY Bg)(f 1 ttty) 260 1479 1 i(uu”) (B?zf 6,,D,Bg,) + H.c. 1704
(Bso"* D" Bg)(f yuat ) + H.c. 201 1 480 I (u'f_*)(Bsu'D, BZD + H.c. 1705
i(f++)(Beu,u,Be) 481 (w'f_*)(Bsu'D,B;,) + Hee. 1706
i{(f ) (Bgu,u'D,;Bs) + H.c. 432 i(utf_ ”‘)<B3u/’ DlBép> +H.c. 1707
(fJ”}(B(,u u'6,,Bg) + H.c. 483 i(u*f_**)(Bsu’s,,D,B;,) + H.c. 1708
(f ") (Bou’ um Bg) 484 (Bsu'V, f y;yyBgﬁ +He. 847 1709
(f ") (Beu’ DA,,BO 485 (B5utN* f_ ysy,Bg,;) + He. 848 1710
{f#)(Bgu u”(f D,,Bs) +H.c. 486 (BzutV* f_ ysy,Bg,) + H.c. 849 1711
(f++*)(Beu,0, Bsu ) 487 (Bsu'V* [, frs7Bg,) + Hee. 850 1712
Hy Bél/t O' Bﬁl/l 2 488 u"V” _Ap}/SJ/ DMB* +HC 851 1713
+ H 6p
(f ) (Bgu'c,, D’ Bsu" ) 489 (B5utNV* f_*ysy,D,;Bg,) + He. 852 1714
<f+’“’)<B6u 6,,D,/Beu’ ) 490 (B5utN* f_*ysy,D,,Bg,) + H.c. 853 1715
Y (u B6GMB6 491 ByuNYf_*ysy,D,, B, ) + H.c. 854 1716
+ ult P 6p
(f ") (u*u,) (B¢, Bg) 492 (B3u*V . h**ysy,Bt,) + H.c. 855 1717
Y (utuP 860 DA,B() 493 B;u*NV h*ysy,D,,B: ) +H.c. 856 1718
+ Z H 6p
#)(u*u’)(Bgo,,D,,Bq 494 Byu*N h*ysy,D,,B: ) + H.c. 857 1719
+ HAZ 6p
(F 7w,y (Bou de 495 1 (Bsu'V*I*ysy,D,,B;,) + He. 858 1720
(f++*u*)(Bgu,0,,Bq) 496 1 (Byutysy,Bi*VAfL,,) + He. 859 1721
fu*)(Bgu,0,,Bg 497 T (Bsutysy*BE V'fT,) +He. 860 1722
+ 4 6u
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0, su@2) & su@B) EY 0, su@2) & su@3) EY
(f *u*y(Bsu’0,,D;,Bs) 498 1 (Bsu'ysy'Bi*V,fT,) + He. 861 1723
(f*u ‘><Bﬁuﬂa,,sz,,Bﬁ> 499 1 (B; uﬂySbe;ﬂv hT,;) + H.c. 862 1724
(f+*u*)(Bsu’c,,D,;Bs) 500 T (Bsf_*f_ ysr.Bg;) +He. 863 1725
i(Bef " fu'v57,D;Bs) + H.c. 262 1 501 I (Bsf_Mf_/tysy,Bi,) + He. 1726
i(Bof " f_,'vsr,D,Bs) + H.c. 263 1 502 1 (Byf_mf_ ﬂﬂysyﬂDMBép> + H.c. 1727
i(Bf *h,*ysy,D;Be) + H.c. 264 I 503 I (Bsf_"h, ysy,B;) + H.e. 864 1728
i(Bef*h,'ysy,D,Bs) + H.c. 265 1 504 1 (Bsfh/ysy,Bg,) + He. 865 1729
i(Bof " h*ysy,D,;,Bs) + H.c. 266 1 505 1 (Bsf_*h"ysy,D,B;,) +H.c. 866 1730
i(Bof " ysy,D*BofT,;) 267 1 506 1 (Bijf_Mh*ysy,D,,B;,) +H.c. 867 1731
l<36f+””757/1D;¢36f Vi) 268 I 507 1 (Bsf_MysyBg'fL,) +He. 868 1732
i(Bgf "ysy'D,Bgh" ;) 269 1 508 1 (Bsf_*ysy,B:hT,;) + He. 869 1733
z(B(,V”f+ u }/SyuDiB6> + H.c. 270 I 509 I (B; VrF_ u Yysy,BE,) + H.e. 870 1734
i(BgV*f " u'ysy,D,Bg) + H.c. 271 1 510 1 (B3VAf. i ‘ysy,BL,) + Hec. 871 1735
i(BVHf Y uﬂ}/S}/,,D,lB@ +He. 272 1 511 1 (B3VFf_Yuysy,B,) + He. 872 1736
i(B¢VFf 1, ysy,D*Beu” ;) 273 1 512 1 (B3h™ f_M vsv.Be,) +Hee. 873 1737
i(BeVHf 1 vsr*DuBeu’ ;) 274 1 513 L (Byh"h/rsy,By,) + He. 874 1738
i(BgVHf ¥s7uDyBeut ) 275 1 514 I (B h/‘”hﬂ vsv.Bg,) +H.c. 875 1739
i{f+*)(Bef—u"rs7.,D;Bs) 276 1. 515 <B h }’5}’,43* h',;) +H.e. 876 1740
i(f+*)(Bef—u"rsv,D.Bs) 277 1 516 (B;V*h* uMySyme) +H.c. 877 1741
i(f ) (Bshy"rs7,D,Be) 2718 1 517 (W'V, f-" ><B375}’u86/1> + H.c. 1742
i(f £ -") (Beysy,D;Bs) 518 1 (u'V¥f_,*)(Bsrsy,B,) + H.c. 1743
i(f#f-")(Bsrsr,D,Be) 519 1 (w'Vf_ /) (Bsysy,B 64> +Hec. 1744
i(f#hy, >< Boysy,D,B) 520 1 (urVrf J)( s7s71Bg,) + Hee. 1745
i(f+*h,*)(BgysyD,Bs) 521 1 (uV*f_*#)(Bsysy,D,;B;,) + Hee. 1746
i{f #1%)(BeysyuDy,,Bs) 522 1 (u'Vf_%)(Bsysy,D,uBg,) + Hec. 1747
iV ") (Bou'ysy,DiBs) 279 1 523 (N f ) (B3ysyiD,,B;,) + He. 1748
i(VAf ") (Bouysy,D,Bg) 280 1 524 (u"V , h**)(Bsysy,Bg,) + H.c. 1749
i(VEf ) (Beu VSYDDABﬁ> 281 1 525 <M”vyhlﬂ><B3J/5}’M MBG/;> +H.ec. 1750
i(VAf b u')(Beysy,D;Bg) 526 1 (f_*h,")(Bsysr,B;,) + H.c. 1751
(VA f o u*)(Beysy,D,Bg) 521 1w ><B375}’y %) +H.c. 1752
i(VAf “u,)(Beysy,D;Be) 528 1 i(B; fJ w,u'ysy,BL,) + He. 878 1753
i€ (Bgf uf-pyBs) + H.e. 282 1 529 1 i(Bsf Muu ysnB6y> T Hec. 879 1754
i€ (Bs [+ f-1°D o Bs) + H.c. 283 1 530 1 i(Bsf ™utuysy,B,) + He. 880 1755
i (Bef 1 ,,h,°D,,Bs) + H.c. 284 1 531 1 i(Bif,™u u,,ymB6y> + H.c. 881 1756
(B¢VHV , f Y6, Bg) 285 I 532 I i(Bsf "u'uysy,Bg,) +He. 882 1757
(VAV, f ) (Bs0,1Bs) 533 i(Bsf *u'u’ysy,D,,;B;,) +H.c. 883 1758
(Bof ++*f1uBs) 286 I 534 I i(Bsf, ””u’lu/’ysyﬂDyme) +H.c. 884 1759
(Bof " f 44" DuBs) 287 1 535 1 i(Bif Mu Au”ysyﬂDM,Bm) +Hec. 885 1760
i(Bsf " f,'0,,Bs) 288 I 536 I i(Bsf "u*wysy,D,,B;,) +H.c. 886 1761
i(Bsf " f*0,,D,,Be) 280 I 537 I i(B3f "u u”ysprMBéw) +H.c. 887 1762
(Bof "By fi,w> 290 T 538 1 i(Byf uﬂySy,,B6 u’;) + He. 888 1763
(Bof +*“D,/Bof,;) 291 I 539 I i(Bsf.m sy B(wu T,) +H.c. 889 1764
<BeBs><f+ Yf ) 292 1 540 I i(Byf.mut y5yﬂ u’;) + H.c. 890 1765
(B6D" Be)(f " f1u2) 293 I 541 I i(B3f "u ysyﬂBmu T))+H.c. 891 1766
<f+lw><B6f+/4yBé> 542 i(Bsf "u ysnB T))+H.ec. 892 1767
(f +*)(Bsf1,'D,,Bs) 543 i(Bsf "u ysy,,DMBgu ,) +H.e. 893 1768
<f+””><f+,w>(BsBs> 544 l(l:?3f+” u }’57/,,D ’Bu’,) +H.c. 894 1769
(f ) f 4")(BeD,1B) 545 i(Bsf *utysy,D,Bi,u’ ) + He. 895 1770

014027-36

(Table continued)



CHIRAL LAGRANGIANS FOR SINGLY HEAVY BARYONS TO ... PHYS. REV. D 108, 014027 (2023)

TABLE VIII. (Continued)

0, su@2) & su@B) EY 0, su@2) & su@3) EY
(Bgu*u,x Bg) + H.c. 294 1 546 1 l<B3 f*utysy; DBy u’ ) + He. 896 1771
(Beu"u*y D, Bs) + H.c. 295 1 547 1 i(Bsf,™utysy’D ABéb ) +He. 897 1772
i(Bsu'u"y ,0,,Bs) + H.c. 296 I 548 I i(Bsf "ysy,Bs, ””MT/O +H c. 1773
(Bgut'u,, Bm) 549 1 i(Bsf Mysy,BiuT u”;) + He. 898 1774
(Bgu*u* D, Bey’) 550 I Z(B3f+ )/SJ/MB*’1 oul,) +Hee. 1775
i(Bgutu? o'MBﬁ;(+> 297 I 551 I i(Bsf.* y5y’lB* ul u ,1) +H.c. 899 1776
<B(,u/‘)(+u”36> 298 1 552 I i(Bsf.* ysy’lB* ulyu’)) + H.c. 1777
(Bouyu"D,,By) 299 1 553 1 i(Bsf "ysyD ﬁB*ﬂ u’ ) + He. 900 1778
i(Bou!y .u"0,,Be) 300 T 554 T i(Bsf,* ySy,,D/Bgﬂu ,u ) +Hec 1779
(Beut'y Beu',) +H.c 301 I 555 L i(Bsf "ysy,D¥Bi,u”ju”,) + Hc 1780
<36””Z+D;4U36”Tu> +He. 32 1 556 T i(Bsf Mysy'D,’Bju” m L)+ Hee 901 1781
i(Bguy .0,'Bsu’,) +H.c. 303 I 557 I i(Bsf "ysy’D,/ B u” u”;) + He. 1782
(BgBg) (uu,x 1) 304 I 558 L i(Byu!f,,“uysy,B,) + Hec. 902 1783
(BsD" Bg) (u,u,x 1) 305 1 559 1 i(Bsu* fﬂ, utysy;BE,) + H.c. 903 1784
i{Bso" Be) (1,1 1) 560 1 i(Bsu'f “u,ysy,B;,) + He. 904 1785
<“M“;¢><B6)(+Bﬁ> 561 L i(Bsu"f " u,ysy,Bg;) + He. 905 1786
(u"u”)(Bey D, Bs) 562 1 i(Bsu'f " u,ysy,B;,) +He 906 1787
(u'y ) (Bou, Be) 563 1 i(Bsu'f,“uysy,D,,BL,) + He. 1788
(u'y)(Beu*D,,Be) 564 1 i(Byu'f,“uysy,D,;B;,) + He. 907 1789
(r+){Bouu,B) 565 1 i(Bsu'f,“u’ysy,D,,BL,) + He. 908 1790
(x+)(Beu"u*D,, Bg) 566 1 i(Byu'f,"u’ysy,D,,B;,) + He. 909 1791
i{x+)(Bsuu”c,,Be) 567 1 i(Bu f+’“’1u/’y5yl,DﬂbBﬁ ) +Hc 1792
(x+)(Beu*Bgu" ) 568 1 i(Bsu'f.,tysy,Bitu;) + He. 910 1793
(x+)(Beu*D,*Beu" ) 569 I i(Bsu "fﬂ, ysy'Bg,u';) + Hee. 911 1794
(BsuV’y ysy,D,Bs) + H.c. 306 I 570 I i(Bsu'f “ysy,Biu’;) +He. 1795
(Beu"V “x+vsv,D,Bg) +H.c. 307 1 571 I i(Bsu'f.” y57/"Bfwu 7)) + He. 1796
(Bof " x+r57,D,Bs) + H.c. 308 1 572 T i(Bsu'f Mysy,Bu’,) + He. 1797
(BgVHV x, Bg) 309 I 573 I i(Byu'f,” ySyDDMB ’u’ ) +H.c. 912 1798
( /‘V”;(+><B636) 310 I 574 I i(Bsu'f Y ysy,D,/Bi,u” ) + He. 1799
(Bof "% +0,,Bs) + H.c. 311 1 575 1 i(Byu fﬂysyDDfBéﬂ 7)) +He. 1800
(Bof "0, Bex’) 321 576 1 i(Bsu'u,f "ysy,B,) + He. 1801
(fs Mu><B6)(+6WBé) 313 1 577 i{Byu'u® f+;4 vsv,BE,) + Hee. 1802
(F+#){x+)(Bs0,,Bs) 314 1 578 i(Bsu'u* f'ysy,Bt,) + H.c. 1803
(f+#x+)(B60,,Bs) 315, 1 579 1 i(Bsuu'f, ysy,B:,) + He. 1804
(r+)(Bef+*“6,,Bs) 580 1 i(Bsuu'f,, rsBy,) + He. 1805
(Box*Bg) 316 1 581 1 i(Bsu'u’f,%ysy,D,B;,) + He. 1806
(Box +Bexl) 317 1 582 I i(Bsuu'f *ysy,D,,B;,) +Huc. 1807
(BsBs){(x3) 3188 1 583 1 iByu'u'f,%ysy,D,,B;,) + He. 1808
(r+)(Bsx+B) 584 T i(Bsysy"BiY)(famutu) + He. 1809
(1) 0+ )(BeBs) 585 1 i(Bsysy"Bg)(f, uyuy) + Hee. 1810
i(Bou'u’y _ysy,D,Be) + H.c. 319 1 586 1 i(Bsysy"B)(f i, uau,) + He. 1811
i(Beu*u*y_ysy,D,Bs) + H.c. 587 1 i(Bsysy"Bg¥)(f 1, u,u;) + He. 1812
i(Bu'u"ysy,D,Bey’) + H.c. 320 I 588 1 i(Bsysy"BiY)(fi uu,) + He. 1813
i(Bouty_u"ysy,D,Bg) + H.c. 321 1 589 1 i(Byysy*DYB){f 4 uau,) + He. 1814
i(Bguy_ysy,D*Bgsu’ ) + H.c. 322 1 590 1 i(Bsysy*D"Bi’)(f 1 uwit,u;) + Hee. 1815
i(Beu"y_ysy'D,Beu” ) + H.c. 323 1 591 I i(Bsysy" DY BiP)(f opuyus) + Hee. 1816
i{Bersy" D" Bg) (u,u,x_) + H.e. 592 1 i(Bsysy*D**ByP)(f 1 ,pu,u;) + He. 1817
i{x_)(Beu"u"ysy,D,Bs) + H.c. 593 1 i(Bsysy* DB )(f y,puau,) + Hee. 1818
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0, su@) & su@B) EY 0, su@) & su@3) EY
i(Bu'V,x_Bg) + He. 324 1 59 1 i(f.m)(Bu i ‘ysy,BL,) + He. 1819
i(Bu*V*y_D,,Bs) + H.c. 325 I 595 L i(f ) (Bsu,u y5ij6 ) + H.c. 1820
<Bﬁuﬂvv _o, BG>+H.C. 326 1 59 1 i(f ) (Bsutu,ysy,B;,) + He. 1821
l(Bsu"st,lx ) 327 1 597 1 i(fJ”)(Bgu‘uMysnBéb) +Hec. 1822
(Bof *y-0,,Bs) + H.c. 328 1 598 1 i(f.#)(Bsu'uysy,Bg,) + He. 1823
<B6Bs><u"v},}(_> 329 I 599 I i(f ) (Bsu* u/’y5y”DMB6p> + H.c. 1824
i(BsD" Bg)(u, V) 600 T i(f ) (Bsu'uysy,D,,B;,;) + He. 1825
i(V¥y ) (Bt Be) 601 I i(f ") (Bsu'u’ysy,D,,B5,) + He. 1826
(Bsf " x_ysr.D,Bs) + H.c. 330 1 602 I i(f ) (Bsu'u’ysy,D,,B;,) + He. 1827
(Bof +*vsv,DyBexL) 331 1 603 I i(f,m)(Bsu urysprMB6y> +He. 1828
(£ )(Bex-7s1,D,Bs) 3321 604 i(f ) (Bsu,ysy,Bs'u /1> +Hec. 1829
(f+#) (=) (Bgrsy,D,Bs) 333 1 605 i(f \#) (Bsu,ysy B u" ) + H.c. 1830
(f+#x-)(Bersy,D,Be) 334 1 606 I i(f#‘”)(f?iu‘ys}/,, ABE”MT,,) +H.c. 1831
<)(—><Béf+/w}’5}’;4DuB6> 607 1 i(f. ) (Bsu'ysy,D,’Bg,u’,) + Huc. 1832
(Bgy*Bg) 335 1 608 I i(f.#)(u,u')(Bsysy,B;) + He. 1833
(Box-Bex™) 336 1 609 1 i(f ") (u,u')(BsysyiBg,) + He. 1834
(-} (Bex-Bs) 337 1 610 I ilf.m)(u'u)(Bsysy,B,) + He. 1835
(=) (r-)(BeBs) 611 T i(f ™) (u'u”)(Bsysy,D,B;,) + H.e. 1836
(D*D,F,**)(Bg0,,Bg) + P. 338 1 i(f*)(u*u’)(Bsysy,D,,B;,) + H.c. 1837
(B Bﬁ)<FL" Fr) +P. 339 | 612 1 i<f+’w><”A”/)><B§75}’/1D,4p36,,> +Hec. 1838
(BeD*Bg)(FL, Fp.2) + P. 340 1 613 T i(f.*u,)(Bsu'ysy,B;;) + He. 1839
(Fr! ><FLMD><B6B6> +P. 341 I i(er””uﬂ)(Bg utysy,B;,) + H.c. 1840
(F ") (Fp,")(BsD,,Bg) + P 342 1 i(f #u*)(Bsu,ysy,Bt,) + He. 1841
(BsBe)(xx") 343 1 614 1 i(f,ut)(Bsu,ysy;BL,) + He. 1842
(Bg detyBg) + H.c. 344 1 i(f #u*)(Bsu,ysy,Bg,) + Hec. 1843
(Befu,utu,u' BY,) 35 1 615 T i(f i) (Bsuwysy,D,B;,) + He. 1844
(Bg'u,ututu,B)) + 36 1 616 1 i(f . »u')(Bsu’ysy,D,,B;,) +H.c. 1845
(Bg'u,u'u ”ABﬁ )+ 617 1 i(f "u’)(Bsu’ysy,D,,B;,) + He. 1846
(Bg#u¥w,utu,BY) 347 I 618 L i(f,*u*)(Bsuysy,D,,B;,) + Hec. 1847
(Bgru¥ uﬂuﬁuﬂB6 )+ H.c. 348 1 619 1 i(f ™) (Bsu’ysy,D,;B;,) + He. 1848
(B uu,u'u;By,) 3499 1 620 1 i(Bsf™f_ D,B;)+Hc. 913 1849
(Bt u vtu,u Bm) 621 l( SfPf iDiB ) +H.e. 914 1850
<B*ﬂuvuﬂu ujB* )+ 622 (Bsf\*f_*5,,D,B},) + H.c. 915 1851
(Bg!u*u'u,u; By ) 350 I 623 (Bsf " f_ '1/’0- ﬂD B;,) +Hec. 916 1852
<Bzf‘u”u'1u4u Bm) +H.c. 624 i(Bsf.*h,'D,B;,) +H.c. 917 1853
(Bu*wuju,By,) + H.e. 625 i(Bsf"h, D,B;,) + H.c. 918 1854
(BZ”ul,u”u'lu/’leB* ) 351 1 626 I (_§f+””h’1/’DM/, B:) +H.c. 919 1855
(Bg#u,u*u*u’D,,B;,;) + H.c. 352 1 627 I (Bsf "h*o DiBép) +H.c. 920 1856
(B! u,uu u/’DMBéD) +H.c. 628 I (Bsf"h"c ;MDvBép> +H.c. 921 1857
(Bi'u'u,u’u D, ,BL,) 353 1 629 1 i(Byf *D,BfT,,) +He. 922 1858
(Bg!u¥u,u uf’D,lpB6 ) + H.c. 354 1 630 I i(Bsf,D'Bg,fL,) +He. 923 1859
(By'u u,u'w’D,,B;,) + Hee. 355 631 (Bsf *0,D, B fT,,) + H.e. 924 1860
(Bg"uu'u,u’D,,B;,) + H.c. 632 1 i(B;V*f, u'D,B;,) +Hc. 925 1861
(Bt u u'u, u/’D,,/,B6 )+ H.c. 633 i(B5VFf. u'D;B;, ) + H.c. 926 1862
(Bg'u*w'u,u’D,;,B;,) + H.c. 356 634 i(BsVAf,,*D,Bi*u” ;) + He. 927 1863
<Bzf‘u’“u'{u4u/’D 6u) + Hec. 635 I i(B;V*f,,*D'B; u",;) +H.c. 928 1864
(B u utu’u DM,BM + H.c. 636 i(B5u*V,f . **D,B,) + H.c. 929 1865
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0, su@2) & su@B) EY 0, su@2) & su@3) EY
(Bg'u*w'u’u,D,,B;,) + H.c. 637 i(BsuV'f . *D,B;,) + H.c. 930 1866
(Bg'u' w'u’u D, 0B, ) 357 1 638 i(Bsu*V'f,,*D,B;,) + H.c. 931 1867
i(Bg'u, u”u’lu”JMng) 358 639 z(Bgu”V”er,/DiBéﬂ) +H.c. 932 1868
i(Bg'u,u*u*v’o,,B;,;) + H.c. 640 (B5u*V*f.*q,,D,B;,) +H.c. 933 1869
i(Bg'u*u,u'u’o,,By ) 359 641 (Bsu'V¥f ,#6,,D,B;,) +H.c. 934 1870
(B*”u"uﬂu u”dﬂl,BsJ + H.c. 642 (B5u"VYf . *6,,D, Bép) +H.c. 935 1871
(Bt u,u’u B*Aum + H.c. 360 I 643 1 i(Bsf *f, D,Bg,)+He. 936 1872
(B*”u wi'B: ul,) + He. 361 1 644 1 i(Bsfmf, DB+ He. 937 1873
(Byu, u”u‘Bgﬂu ) 362 645 1 i(BsD'BI)(f,, o) + He. 938 1874
(ByFu"u,u B*‘um + H.c. 646 1 i(BsD"Bi*)(f., f—_u) + He. 939 1875
(Bgu'u MB6 1) +He. 647 i(BsD*B)(f 1, *h,;) + Hec. 1876
(Bg#u¥u,u,Bg*u” ;) + H.c. 648 i(BsD"B*)(f,*h,;) + H.c. 1877
(B*”u u, ulB* u 1) +He. 363 1 649 1 i(BsD'BL ><vlfwu ) + Hec. 940 1878
(B*”u”u’lu B* 7)) +H.c. 650 i(BsD*Bg*) (VA f . u,) +He. 941 1879
(Byutuu,By,u" ;) 364 651 i(Bs D" BY(f 1ph,s) + Hec, 1880
(Bibuu Doy BT ) + He. 365 1 652 1 i(f.m)(Bsf_,'D,B.) + He. 1881
(B*”u W'D, Bl ) 366 1 653 1 i(f.m)(B;f_ D,B,) + He. 1882
(Bi#u,uu’ D2 By u”,) + Hee. 367 1 654 1 (f #)(Bsf “0,D,B;,) + He. 942 1883
(Bg#uu,u’D,,Biu’ ) + H.c. 655 1 (f.mf_*)(Bs0,D,;B;,) +H.c. 1884
(Bgtuu,u* D, By u” ) + H.c. 656 (f P f_%)(Bs MD Bﬁﬂ> +Hec. 1885
(Bg'utu,u’ D, By,u”,) + He. 368 1 657 1 (f k) (Bso,D,B;,) +He. 1886
(Bg#uutu,D,, B¢ u’ ) + H.c. 658 (f W) (Bso ,1D 36/) + H.c. 1887
(Biu'uu, DBy’ ,) + Hee. 659 i(Vif ) (BsutD,BL,) + Hee. 1888
(By'u*u'u,D By u”,) 369 1 660 1 i(Vif, ") (BsutD,By,) + He. 1889
(B*u'uwu’D,;By,u”,) + H 370 661 1 i(ByVAV,f."ysy,BL,) + He. 943 1890
(Bgtuu'u’D,, B u”;) +H 662 i(VAV, f “*)(B3ysy,Bg,) + H.c. 1891
(B*ﬂu”uﬁuﬂDW”BéﬂuT ) 371 663 (Baf f . rsruBLy) + He. 944 1892
i(Bi*u,u’u*c,, B u” ) + H.c. 372 664 (Bsf " fu'rsvaB,) + Hee. 945 1893
i(Bg'uu,u*e,, B u’ ) + H.c. 665 (B 3fg“’)‘+’1/’;/57/”DMBW> +H.c. 946 1894
(B u,u”B;; u”um + H.c. 666 1 (Bsf "ysy,Bf1,,) +He. 947 1895
(Bt u, u”B*AM u’;) + He. 373 667 I (B 3f+/wy5y” D,/Bi’ f+/1p> +H.c. 948 1896
(B B ) + He. 668 1 (£, ") (Bsf rsr,Bly) + He, 949 1897
(Bgtubu, B* JuTu’ ;) + Hee. 669 (f ") (Bsf 1, vsv.Bg,) + Hee. 950 1898
(B*”u u BJ T,u";) +Hec. 670 (F++)(B5f*ysy,Dy,Bg,) + H.e. 951 1899
(BiFu’u,B; u“uﬂ) + H.c. 671 (f*Y(Bsf *ysr.D,,B;,) + H.c. 952 1900
(Bgﬂmm_?6 ul ,u A) 374 672 (f "V (f+")(Bsysr,Be,) +He. 1901
(By“u'uBj,u” ju”,) + Hee. 673 U9V (F 2 (Bsysy,DyiBg,) + Hue. 1902
(Bg#u,u*D, ’IB*”M ﬂ> + H.c. 375 674 1 (f mf, (Bsysy,B;) + He. 1903
(Bi'u,u'D, ‘Bg”u 7)) + He. 675 1 (f #f #)(Bsysy,D,,B;,) + He. 1904
(Bg#u,u*D¥ B u" u” ) + H.c. 676 I (Bsu'u’y,ysy,Bg,) + H.c. 953 1905
(Bg#u¥u,D, ﬂB*ﬂu u’,) + H.c. 677 (Bsutu“y.ysy,Bg,) + H.c. 954 1906
(Bgu u DA”BgDu au’,) +He. 678 (Bsutu'ysy,Bg xt) + H.c. 955 1907
(Bg!u*u,D¥ B u” ju”,) + H.c. 679 (Bsutu*ysy,Bg, ") +H.c. 1908
(Bg*u*u'D, ”B* ul,u /,) +H.c. 376 680 (Bsuty  uysy,Bg,) + H.c. 956 1909
<B*/‘u’“u1D /’Bwu )+ H.c. 681 (Bsuty  u¥ y5yu36”> +H.c. 957 1910
<B*”u”u’1DM/’”B* u” u’,) +He. 682 (Bsuty  ysy,Bi‘u’ ) + Hee. 958 1911
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0, su@2) & su@B) EY 0, su@2) & su@3) EY
i(Bg#u,u’e,*ByPu” ju” ) + H.c. 377 683 (Byu'y.ysy'Bg,u’,) + Hee. 959 1912
i(Bi*u,u’c,*ByPu” ,u”;) + Hee. 684 (Bsutysy,Bgtu” x') + Hee. 960 1913
l(B*”u u,0,'BPu” ju’ ) + H.e. 685 (B3u”y5y”B6ﬂ Tx5)+He. 1914
(Bi''u Bg”) u,u'u)) + H.c. 686 I <B§x+u”u”y5yﬂBgD> + H.c. 1915
<B*”MVB* Yu,utu,) + H.c. 687 I <By{+u/‘u"y5yyBgM> + H.c. 1916
(B*”u”Bg’lﬂu u,uy) + H.c. 688 (Bsysy"Bg¥) (u,u,y ) + Hee. 1917
(Bg*u*Bg*) (u,uyu,) + Hee. 689 (Bsysy"Bg¥) (u,u,x ) + H.c. 1918
(Bg#u,D**B) (u,uyu,) + H.c. 690 T (u'u)(Bsyx,rsr.B;,) +H.c. 1919
(Bg#u*D,'Bg,)(uu’u,) +H.c. 691 I (wy,)(Bsu’ysy,Bg,) + Hec. 1920
(B*u’D, iB*ﬂ)(u uyu,) +H.e. 692 (w'y . )(Bsu*ysy,Bg,) + H.c. 1921
(Bg#u*D,*Bg’) (w,u,uy) + Hee. 693 (r+) (Bsutuysy,Bg,) + H.c. 1922
(B*”u”D"’B* )(uyuyu,) +H.e. 694 ()(+)(B§u/‘u”y5yyBg”> +H.c. 1923
(B*u*D A/’”Bw)(ulu u,) + H.c. 695 (r+)(Bsu'ysy,Bgu”,) + H.c. 1924
(ByBj,) (u'w,)(uwu;) + Hc. 696 1 (Bsu*Vey, D,BL)+H.c. 961 1925
(By'By,) (u'u’) (u,u;) + He. 697 1 (Bsu'V,D,B;,)+He. 962 1926
(B*”B*”)( u,) (utuy) + He. 698 1 (B, f_"D,B.)+H.c. 963 1927
(BB ) (u,u) (u, ;) + Hec. 699 (Byy. " D,By,) + H.c. 964 1928
(B*”Béﬂ)@t " ulm +He. 700 1 (B;D'B)(u,V,y.) +He, 1929
(Bg# By (uyu,utuy) +Hc 701 (B3D/4B6 )(u,V,xi) +He. 1930
(Bg*BEY) (u,utu,uy) + 702 i(Bsf "y ysy,.Bg,) +H.c. 965 1931
(Bg“D* By, ) (u,uy) (u” u,,) +H.c. 703 T i(Bsf*ysyBext) +He. 966 1932
<B*"D”’IB* ){u,u”)(uu,) +H.c. 704 I i(Byy, f*"ysr.B;,) +Hec. 967 1933
(B*”D”B*”) (w,u,)(uyu,) + Hee. 705 T i{f ") (Bsy,rsr.B;,) +He. 968 1934
(Bg* DBy’ ) (u,u,) (u,uy) + H.c. 706 i(f*)(x+)(Bsysy,Bg,) + H.c. 969 1935
(B DM B, Yy, + Hic. 071 il ByrsnB,) + He. o0 1936
(Bg*DY*By’) (u,u,uyu,) + H.c. 708 i(xy)(Bsf " vsr.Bg,) + H.c. 1937
(Bg* DBy’ ) (w,u,u,u;) + H.c. 709 i(Bsu*u*y_D,B;,) + H.c. 971 1938
(BgD*7°Bg,) (u,u;) (u,u,) + H.c. 710 i(Bsu'u’y_D,B;,) +H.c. 972 1939
(B*”GMBE"MM Uy, > +H.c. 711 i(Bsu'u’D,B; x") + H.c. 973 1940
i(u! )(B* u u”aMB6 )+ H.c. 712 i(B3u"u’D, By~ Ty + He. 1941
(uu,)(Bg¥u,Bi*u”;) + H.c. 713 1 i(Bsu*y_u’D,B;,) + H.c. 974 1942
(uu,)(Bgu'By,u”;) + H.e. 714 i(Bsuty_u*D Bg,) +Hee. 975 1943
() (Byu ﬂD/’Bgy )+ He. 715 i(Byu'y_D,B:'u’,) + H.c. 976 1944
(w'u”)(Bg,u'D,; B u” ﬂ> +H.c. 716 i(Bsuty_D*Bg,u”,) + H.c. 977 1945
i(ut >(B* uc,,Biu’ ) + H.c. 717 i(Bsu*D,Bgu” xT) + H.c. 978 1946
(Byu,u'f_Pysy,D,B;,) +He. 378 1 718 1 i(BsuwD'Byul,yT) + He. 1947
(Bi'u,u f_ysy,D, 36 ) + H.c. 379 1 719 1 i(By. u”u”D B* )+ He. 1948
(Bi'u,utf_*ysy,D,By,) + H. 380 1 720 1 i(Byy w'u'D,B;,) + He. 1949
<B*/’u u,f- /’7/5;/DD/136 )+ H.c. 721 I l<_3D"B*”><M uy_)+ Hec. 1950
(Bg'u*u,f_*ysy,D,Bg,) + He. 381 1 722 1 i(B3D"B*)(u, ”M )+ H.c. 1951
(Bg#ubu, f_*ysy,D,B;,) + H.c. 723 i(u'u)(Bsy_D,B;,) + H.c. 1952
(Bg'u u,f _*ysy,D,Bg,) + He. 724 i(u'y_)(Bsu*D, B ,) +Hec. 1953
(Bgturu' f_,fysy,D,B;,) + Hec. 382 1 725 i{w'y_)(Bsu*D,Bg,) + H.c. 1954
(BFuru'f_ pysy,,D,l ,) +He. 383 1 726 I iy )(Bsu*u’D Bgl) +H.c. 1955
(Bg#uu' f_,fysy,D,By,) + H.c. 727 i(y_)Y(Bsutu’D vBs,) +H.c. 1956
(B f Pyst Bf,,,> 1 He. 728 1 ily_)(Bsu'D,Bu’,) + He. 1957
(Bgruuf_,ysy,D,Bg,) + H.c. 384 1 729 i(B3u"V'y_ysy,B;,) + Hec. 979 1958

(Table continued)

014027-40



CHIRAL LAGRANGIANS FOR SINGLY HEAVY BARYONS TO ...

PHYS. REV. D 108, 014027 (2023)

TABLE VIII. (Continued)

0, SU(2) su@3) EY 0, su@2) & su@3) EY
(Bgruruf_lysy,D;B;,) + H.c. 730 i(B3u*V?y_ysy,B 6u) T He. 980 1959
(Bgru v’ f_Pysy,D ,Bg,) +Hec. 731 i(Bsu* ysyﬂB*”Vb;( )+ H.c 981 1960
(B uuoysy, DB} + He, 385 721 iBsutysr By, V) + Hie 982 1961
(Bg'u,u*h*ysy,D,B;,) + H.c. 386 733 1 z(_ f "y _ysy,Bg,) + He. 983 1962
(By“u,ui*?ysy,D,By,) + H.. 387 341 i(Bsf sy, Bial) + He. 984 1963
(Bgu u,h*ysy,D;B;,) + H.c. 735 1 i(Bsh"y_ysy,Bg,) +H.c. 985 1964
(Bg'utu,h**ysy,D,B;,) + Hee. 736 1 i(Bshysy, Bl + He. 986 1965
(Bg'u'u,h*ysy,D,Bg,) + H.c. 737 i(Bsy_f_* rsnBsﬁ +Hec. 987 1966
(BFubu h’lf’yst B;,) +H.c. 738 i(Bsy_h"ysy,Bg,) +H.c. 988 1967
(Bg#uuh,Pysy,D,Bg,) + H.c. 388 739 l(l:? Viy_u'ysy,Bg,) +H.c. 989 1968
(Bg'u*u'h rsv,DBg,) + H.c. 389 740 i(B3Viy_u"ysy,Bg,) + H.c. 990 1969
(B *”u”u‘h "vs7,D,Bg;) + H.c. 741 i(u*NV'y_)(Bsrsy,Bg,) + He. 991 1970
<B*ﬂu”uih ’ysviD,B;,) + He. 742 iy _) (Bsysy,By,) + He 992 1971
(Bg#u*u*h,"ysy,D,B;,) + H.c. 743 i(f_"x_)(Bsysy,B;,) + H.c. 993 1972
<B*ﬂu"u*h Pvsr,D;B,) + Hee. 744 i(hy_)(Bsysy,BL,) + Hee. 994 1973
(Bg#uu'h, ysy,D,B;,) + H.c. 390 745 i(x_)(Bsf *ysy,Bg,) + He. 1974
(Bi'u*u’h, Pysv,D;Bg,) + H.c. 746 i(x_)(Bsh*ysy,B;,) +H.c. 1975
(Bg'u*u*h°ysy,D WBGM) +H.c. 747 i(Viy_)(Bsu“ysy,Bg,) +H.c. 1976
<B*”u u ySle B6ﬂf lp> + H.c. 391 748 I (v#l)( ><B3MD}/57/V g;l> +H.c. 19717
(Bg#u¥u,ysy*D,Bi" fT,,) + H.c. 749 (Bsf *y_D,B;,) + H.c. 995 1978
(BLu,f_* upygy,,D B:,)+Hec. 392 750 (B+f #D,Bi,z") + H.e, 996 1979
(B'uf_ uysy,D,By,) + He. 751 (BsD!B)(fuz-) + Hee. 997 1980
(Bg'u, f-¥ ySyDD,lBG/’u ,) +He. 393 752 I (f~ ><B;)(_D B;,) +H.c. 998 1981
B*”u Yysy, DB u” ) +H.c. 394 753 I _W(B3D,B: ) + H.c. 999 1982
sr P bl 3D,b¢,
<Bgﬂu fo Mysy/’D B;,u’,) +H.c. 395 754 1 (4 ><B3 f+*D,B;,) + H.c. 1983
(B*”u”f ” ySy,,D,lBg” Tp> +H.c. 396 755 I z(D”D FL”’1>(B3;/5)/,,BM> + P.C.H. 1000 I
(B Suf, Yysy,DP Biu p) +Hec. 756 I (F, "L, ><?37’57’VBZ,1> +P.CH. 1001 1984
(Betuf_, rsvaD, B u’ ) + He. 397 757 (FL*F *)(Bsysy,D,;,Bg,) +P.CH. 1002 1985
(Bg'u f_'ysyD’Bg,u' ,) + H.e. 758 (F1*){F1,")(Bsrsr,Bg;) +P.C.H. 1003
(Bgru'f_'ysy’D,Bg,u’ ) + H.e. 759 (F, ””)(FLW}(Bgysy”DMng) +P.CH. 1004
(B*”u”f - *ysy’D,;B¢,u’ ) + H.c. 760 (Butu,u*u'ysy,B;,;) + H.c. 1005 1986
(Bruvf_, 75“D"B u’,) +H.ec. 398 761 (Bgu*u,u*u y57,lBGU> +H.c. 1006 1987
(B'u’f_,'ysy’D;B; Tp> + H.c. 399 762 (Beu'u¥ u, utysy,Bt,) + H.c. 1007 1988
(B*”u”f ’1/’7/5be,1 T,,) +H.c. 763 (B u¥ uﬂu’lysn ,) +Hec. 1008 1989
(Bghuf _*ysy,D,B; T,,) +H.c. 764 (B v’ u,, u’lySyﬂ ) +He. 1990
(Bgtu'f *ysy,D, Bﬁu u’,) +He. 765 (Beu"u*u u’lySyABﬁ )+ H.c. 1991
(Bg#u,h*ysy,D;BgPu’ ) + H.c. 400 766 (Beu"u” u* ”ySyiBé ) + H.c. 1992
(Bg/u,h*ysy, D" Bg,u" p> +He. 401 767 (Bou'uu* 51, Bs 61) T He. 1993
(B; Fu, h**ysy?D B, u l,) +H.c. 402 768 (§6u"u u’ u,,ysyﬂ i) +He. 1009 1994
(B*”u”h Yysy,D,BePu T,)+Hec. 769 (Beu#'u’u ubysle6 ) + H.c. 1995
(B*”u”h AyS}/"DlB u p) + H.c. 403 770 (B u¥ u* ul}’;yﬂ B;,) +H.c. 1996
(Bg#u*h*ysy,D,B; u” ) + H.c. 404 771 (Beu" v’ utu,ysy, Bg,) + H.c. 1997
(B *ﬂuvhlp},sbeipnBG”uT ) +H.c. 405 772 <Bﬁu”u”ulu"y5yﬂDngp> + H.c. 1010 1998
<B*”757UDABE,4><“ uﬂf iﬂ) +H.c. 773 I <B6uﬂubuﬂuﬁ/5y;t y/) > +H.c. 1011 1999
(Bg'ysy*D*Bg,) (wu’ f_,,) + H.c. 714 1 (Bgutu'u u/’ysyﬂDﬂ,,Bﬁg +H.c. 2000
(B *”ysy”DAB*/’ﬂuﬂu,,f ) +He. 775 (B’ u*uysy,D /MB() )+ H.c. 1012 2001
(BiFys 7”D‘B*”)<uﬂulf ) +He. 776 (Beu" v’ u u"ySy,,D »B,) +H.c. 1013 2002
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0, su@2) & su@B) EY 0, su@2) & su@3) EY
(Bgtysy*D*B ) (uyu,f ,,) + H.c. 777 (Beu" v’ u u”ySyDDM,BG”> + H.c. 1014 2003
(B*”y;y”D‘B* )(u,u’hy,) +H.e. 778 (Bgu'u’u*u’ysy,D,, B 6,) + Hec. 2004
(Bg'ysy*D*Bg’ ) (u,u,h,,) + Hec. 779 1 (Beu'uu*u’ysy,D,,B;,) + H.c. 2005
(Bg#ysy*D*Bi’ ) (u,uzh,,) + He. 780 (Boutu*u'u’ysy,D,,Bg,) + H.c. 2006
(BiF'ys 7”D‘B§”)<u u,hy,) +H.e. 781 (Beu" v’ u u"ys}/po,B6 ) +H.c. 2007
(u'u’)(Bg f _*ysyiD, B;,) +H.c. 782 I (Beuu’u'u’ysy,D,;B;,) +H.c. 2008
(w'f* >(B* wysy,D;Bg,) + H.c. 783 1 (Beuuu'u’ysy,D,,B;,) +H.c. 2009
(ut f_)(Bg,uysy,D,Bg;) + Hee. 784 1 (Beu'u,u’ysy,Bi*u’;) + H.c. 1015 2010
(' f_*)(Bg,w’ysy,D,Bg;) + Hec. 785 (Bgutu,u’ysy* By u” ;) + H.c. 2011
(wf_**)(B; u’ysy,D,B,) + He. 786 (Bouu’u,ysy,B*ul ;) + H.c. 1016 2012
(Bgru, Vv f_ AB%‘A)I; H.c. 406 1 787 1 (Bﬁu”u”uZ}/SyiBguuT ) +H.c. 1017 2013
(B:#uV,f_/B.,) + He. 407 1 788 1 (Beuu'uysy,Biu’,) + He 2014
(Bg*uN,f_, B;,) + H.c. 408 789 (Bgu'u u,ysy*Bg,u’ ;) +H.c. 2015
(BgtuN*f_,;B;,) +He. 409 790 (Bgu*u*u'ysy,Bg,u";) + H.c. 1018 2016
(B'u'N*f_, By ) T He. 410 1 791 I (Beu'u*u'ysy,Bi,u’",) +H.c. 2017
(Bgru, Vv f_ ’If’DMB6 )+ H.c. 411 792 1 (Beuw'u‘u ySy,,Béﬂ 7)) +H.. 2018
(Bg'uN,f_*D,;B; ) + H.c. 412 1 793 1 (Beu'u*ulysy,Biu ”> +H.c. 2019
(BFurVAf_ ”DMB@)) + H.c. 413 794 (Beu"u* u 7/57/136/4 ,) + Hec. 2020
(Bgru'N*f_,’D,,B;,) + Hec. 795 (Bguu’utysy,Bg,u’ ) + H.c. 2021
(BgrurV* f_DPDA,, ) +He. 414 1 79 1 (Beu*u*uysy,D,;Bi"u’,) + H.c. 1019 2022
(Bg#u'N*f_y’D,,B;,) + H.c. 415 797 (Bgu'u*utysy,D,’Bg,u” ) + H.c. 1020 2023
i(Bu, V' f_ MGMB@) +H.c. 416 798 (Béuﬂu"uiygyﬂDfBéb u’,) +H.c. 1021 2024
i(Bg#u'N , f *6,,B;,) + H.c. 799 (Bgu'u’utysy,D,,Bg’u” ) + H.c. 1022 2025
(Bg#uN ,h,*By,) + H.c. 417 300 (Bgu!u*utysy,D,”Bi,u” ) + H.c. 2026
(Bg'u,N*h*D,, B ) + H.c. 418 801 (Boutu*u'ysy,D,’ By u" ,) + H.c. 2027
(By"uV, ¥ D,,B},) + Hue. 419 1 802 1 (Beuu'u'ysy,D,,Biu”,)+He. 2028
(Bg*u*N*h°D,,,,B: ) + H.c. 420 803 (Beu"u*uysy,D,’ By, u’,) + H.c. 2029
i(Bgru'V, hiﬂ(;wlpB* >ﬂ+ H.c. 421 804 (Beu'u*utysy,D, ”BﬁﬂuTZ> +H.c. 2030
(Bg'u,B*VAfT ) + Hee. 422 1 805 I (Beu*u’uysy’D,,Biu’,)+H.c. 2031
(Bg'u*Bg, V' fL ) 423 1 806 I (Beu'u’u'ysy’D,Bi,u’,)+H.c. 2032
(B*u'D, le* NV, 424 1 807 1 (Beu'uu'ysy’D,Bg,u",) +H.c. 2033
(B f . f - 43&) 425 808 I (Bgu'u,ysy*Bgtu’, 5) +H.c. 2034
(Be'f_“*f _,uBg,) +Hee. 809 (Boutu,ysy'Bg*u" u”,) + H.c. 2035
(B“f *f_,;By,) +H.e. 810 (Bewtuysy, BT yuTy) + Hc. 1023 2036
(Bg'f-“f_.'D,,B;,) +Hee. 811 (Bgutu'ysy,Bg'u" ju ,,) + H.c. 2037
Bi#f_YBi'fT,,) +He. 426 1 812 I (Beu'u'ysy,Bi'u” u’;) +H.c. 2038
éB*”f ”’IB* fTM; 427 I 813 I EBGM”M YysY. B*Au ul §+H C. 2039
(Bg'f-“'D,Bg, f15,) 428 1 814 1 (Bewuysy,D,/Biu” u”,) + Hu. 1024 2040
(Bgh“*h,,B,) 429 815 (Bgu'u'ysy,D,*Bi’u’ ,u” ;) + H.c. 2041
(Bg"h**Bg, hTM) 430 1 816 I (Beuwu'ysy,D¥Bju” Au T,)+Hec. 2042
(Bg'Bg,) (VA f_,;) + He. 817 T (Bgu"u’ysy,D,*Bgu” ju”,) + H.c. 2043
(BB (u, V' f_,,) + He. 818 1 (Beu'u'ysy,D, B*/’quu 2+ He. 2044
(Bg*Bg¥) (u*V,f _,;) + H.c. 819 I (Beu'u* ]/57/,,Dﬁf’B6 u"u’ ) +He. 2045
(B*"Bg”><uﬁvﬂhu> +H.c. 820 I (Bgysy*Bg¥)(uu,utu;) +Hee. 2046
(Bg"Bg,)(h**h,;) + H.c. 821 (Beysy"Bg") (u,utu,u;) + H.c. 2047
<B*”D”ﬂB* Hu,VPf_;,) +H.c. 822 I (Bersy"Bg")(u,utuzu,) + Hee. 2048
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0, SU(2) su@3) EY 0, su@2) & su@3) EY
(Bg" DBy, ) (w'V,f ;,) + H.c. 823 (Boysr" D By ) (uu,uu,) + He. 2049

(B DB ) (u,V, f_,,) + H.c. 824 (Boysy"D* B ) (w,u,u,u;) + Hec. 2050
(BgD*Bg,)(u’V,h,,) + H.c 825 (Bgysy"D"*B;) (u,u,u,u;) + H.c. 2051
<B*ﬂDMB*/’>< WV, h,) +He. 826 (uu,) (Bou*u ySyyBgA) +Hec. 2052

(B *”D”’lf’”Bﬁ ><uyv/1h/m> + H.c. 827 <u”ul><B6u”u1y5yﬂBw) + H.c. 2053
l(B*”f_Hl u u’lBgﬁ + H.c. 431 828 (u'u” ><B6u u 757y36/1> +H.c. 2054
i(Bg'f., u*u,B,) + H.. 432 829 (utu”)(Bou,u'ysy,B;,) + H.c. 2055

i(B: "fw u'u;B; ) + H.c. 433 830 (utu”)(Bou'uysy,Bg,) + H.c. 2056
i(Bg*f Y u,u,B,) + H.c. 434 831 (wu*) (B ulu"y5yﬂD AB;,,) +H.c. 2057
i(Bg*f Y u,u,B,) + H.c. 832 (u"u”)(Bsu*u’ysy,D,,B;,;) + H.c. 2058

(B f. " u uABW) +H.c. 435 833 (" u”) (Bgu u/’ysyﬂDiﬂBGJ + H.c. 2059
i(Bg f o u'u’D,; B ) + H.c. 436 834 (w'u”)(Bou'uysy,D,,Bg,) + H.c. 2060
i(Bg"f .,/ u'w'D,,B;,) + H.. 437 835 (w'u*)(Bgu'u’ysy,D,,B;,) + H.c. 2061
i(Bg”fﬂl”uﬂu/’DlpBg) +H.c. 438 836 (uu,)(Beu’ysy,Bg'u' ;) + H.c. 2062
i(Bg " u,u’D,;,B;,) + H.c. 439 837 (uu”)(Bgu*ysy,D,;Bi"u” ) + H.c. 2063
'(B*”er”u/’ul,DﬁpBg”) +H.c. 838 (Bgu*u,f_**D,Bj,) + H.c. 2064 1
(Bg!f 1 u'we,,B;,) +He. 440 839 (Bgw'u’f_,*D,B};) + Huc. 1025 1 2065 1
(Bg!f 1 w'wo,,Bg,;) + Hec. 441 840 (Boutu*f_,*D,By,) + H.c. 1026 1T 2066 1
(B f 4, u,Bg*u” ;) + Hee. 442 841 (Bguu*f_,*D,B;,) + H.c. 1027 1 2067 1
i(Bgf ., u'Bg,u";) + He. 443 842 (Bou'u*f_,*D,;B;,) + H.e. 1028 1 2068 1
i(Bg#f.u*Bg,u’ ) +H.c. 444 843 (Bew'uf_ PD,MBGP) +H.c. 2069
i(Bg"f ¥ u, By, u";) + Hec. 445 844 i(Bou'u* f *5,,D,;B;,) + H.e. 1029 1 2070 1
i(Bgfu, By, uT;) + He. 446 845 i(Beu'u’ f_*o MD 36p> +H.c. 1030 1 2071
i(Bg#f Y u,By,u”,) + H.c. 846 i(Bgu'u’f_*c,,D,B;,) + H.c. 1031 2072
i(Bg*f y, u*D,;Biu” ) + H.c. 447 847 i(Beu'u*f_*o,,D,B;,) + H.c. 1032 1 2073
i(Bef DB uT ) + He. 848 (Beu"u,h**D,B;,) + H.c. 2074
i(B*” fu'D;” By u” ) + Hee. 448 849 (Bgu"u*h,*D,B},) + H.c. 1033 2075
i(BYf ¥ u,D, By’ ) + Hee. 449 850 (Bou'u*h,*D,B,) + H.c. 1034 2076
l(B*”f+"Au/’D,//,B6 u’;) + He. 450 851 (Bguu*h,*D,B},) + H.c. 2077
(Bg'ftute,,BiPu’ ) + Hee. 451 852 (Bou'u*h,/D;By,) + H.c. 2078
i(B fﬂ,’/BéUu“uT ) +He. 853 (Bgu'uh*D,,;B;,) + H.c. 2079
(B f, Bul u”;) + He. 452 854 (Bouu*h*D,,,B;,) + H.c. 1035 2080
l(B*”fw”B” u’,) +He. 855 (Bou'u*'"D,;,B;,) + H.c. 2081
i(Bg . Bg,u" u’;) 453 856 i(Bgu'u*h*c,,D,;B;,) + H.c. 1036 2082
i(Bf D, ‘Bg”u p> +He 454 857 i(Bouu* ¥ ,,D,B;,) + H.c. 1037 2083
i(Bf D,/ B’ ,u” ;) + H.c. 858 i(Bou'u"h*6,,D,B;,) + H.c. 2084
l(B*”erM”DAﬂBGDu lu T,)+Hec. 859 i(Beu"u*h*c,,D,B;,) + H.c. 2085
i(Byf D, By, u" ju”,) + H.c. 455 860 (Bouu*D,Bi*f7,;) + H.c. 1038 2086 1
(B f b0, B*”uT uT,,> +H.c. 456 861 (Bgu'u*D,Bg* T ;) + H.c. 2087
(Bg'f b0, BePu” ,u”;) + Hee. 862 (Bou'u*D*By, fT,;) + H.c. 1039 2088 I
i(Bg#u, f " u,B,) + H.c. 457 863 (Bgu'u*D'*By, fT,;) + H.c. 2089
(B u¥ [, u,BY)) 458 804 i(Bsu'u'c, ’ID VB fL,,) +He. 1040 2090
i(Bi#u'f y, u;By,) + Hec. 459 865 i(Beu'u’c,*D’B}, fT,,) + H.c. 2091
i(Bg'uf ., u;Bg,) 460 866 i(Bu'u'c,"D,Bi’ fT;,) + H.c. 2092
i(Bi u,f,“u’D,,BL,) + He. 461 867 (Bouf_,*u’D,By,;) + H.c. 1041 2093
i(By"u'f1,'u’ Dy, Bg) 462 868 (Bouf_,'u*D,B;,) + H.c. 1042 2094
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0, su@) & su@B) EY 0, su@) & su@3) EY
i(By*u’f,,*u’D,,B;,) + H.c. 463 869 (Bguf Mu .D,B;,) +Hec. 1043 2095
i(Bu'f u’D,,B;,) +H.c. 464 870 (Bgu" f _**u,D,B},) + H.c. 1044 2096
(Bg'u,f " u6,,Bj,) 465 871 (Bou!f_**u,D,;Bj,) + H.c. 1045 2097
(B! f . ulo,,By,) 466 872 (Bgu'f_“*wD,,,B;,) + H.c. 1046 2098
i(Bg By, ) (f“u,uz) + Hee. 873 1 (B w'f_*u’c,,D,;B;,) +H.c. 1047 2099
(BB )(f it uy) 467 874 i(Beu'f_ vﬂu/a ,D,B;,) +H.c. 1048 2100
i(Bg# B )(f 4, u,uy) + Hee. 468 875 i(Beu!f_**w’c,,D,B;,) + H.c. 1049 2101
(BB )(f 4, ugu,) + Hee. 876 i(Bgu* f_’”lu/’()'MD B;,) +Hec. 1050 2102
i(Bg" D" B, ) (f 1, u;u,) + Hee. 877 1 (Beu'f_,*D,Bi*u";) +H.c. 1051 2103 I
(B DV B ) (f 4 witau,) + Hee. 469 878 (Bgu'f_,*D*B; u”;) + H.c. 1052 2104 1
i(B* DV B )(f 4wt uy) + Hee. 879 (Bgu'f_**D,B; u”;) + H.c. 1053 2105
i(By“ DBy (f ity 07) 470 880 (Buf_D,Bg,u"}) + Hee. 1054 2106
(Bg'c*" By ) (f suttzuy) + Hec. 471 881 (Bou f_”’lDngluT )+ H.e. 1055 2107
(Bg#o"* B ) (f +witpyuy) + Hec. 882 (B f_¥ D W' Be,u’,) + He. 1056 2108
i{f ¥ ><Bﬁ,4u u'Bg;) +H.c. 883 i(Bgut f_V DD,IBg"uT/) 1 He. 1057 2109
i(f+)(Bg,u'u,Bg;) + He. 884 i(Bgu!f_**0,,D’Bg,u’ ) + H.c. 1058 2110
i(f 1) (Bg,u ulBél) +H.c. 885 i(Beu!f_**6,’D,B;,u’ ) + H.c. 1059 2111
i(f*)(Bg*u,u,Bg,) + H.c. 886 i(Beu!f_**06,,D,Bi’u’” ,) + H.c. 1060 2112
z(fﬂ”)(BG w'u’D,,;B;,) + H.c. 887 (Bgu"h,'u*D,B},;) + H.c. 1061 2113
i(f4)(Bg,uw'u’D,,Bg,;) + H.e. 883 (Bgu!h,*u’D,B;,) + H.c. 2114
l(fﬂ")(BG”u w'D,,B;,) + H.c. 889 (Bgu"h**u,D,By,) + H.c. 2115
i(f *)(Bg*u,u’D,,B;,) + H.c. 890 (Bﬁuﬂh u,D,B;,) +H.c. 2116
(f+#)(Bg,u'u’s,,B;,) + H.c. 891 (Bguh**u,D;B;,) + H.c. 2117
(F ) (B0, Bl + M. 892 (Bsuh*u’D,,;B;,) + H.c. 2118
i(f#)(Bg,u,Bg'u" ;) + H.c. 893 (Bgu"h**u’D,,,B;,) + H.c. 2119
i(f+)(Bg,uw'Bg,u";) + Hee. 894 (Bou!h**u’D,;,Bg,) + H.c. 2120
i(f")(B;,u'D,,Bg’u" ) + H.c. 895 i(Bou'h**u’o,,D,;B; ) + H.c. 1062 2121
z(fJ”)(BG” u*D;’B; u’ ) + H.c. 896 i(Bg uﬂhﬂuﬂo ,D,B;,;) + H.c. 2122
(f*)(B 6”u *6,,Bi"u’ ) + H.c. 897 i(Bgu*h**u’c,,D,B;,) + H.c. 2123
i{f#)(Bg,Bg,) (w'u;) + Hec. 898 i(B 6uﬂhvﬂuﬂabﬂz)”3m> +H.c. 2124
i(f ") (B B*’1>(uuu,1> +H.c. 899 (Bgu"h,"D,By*u” ;) + H.c. 1063 2125
z(fﬂ”)(Béﬂ VB ) (uyu,) + Hee. 900 (Bgu"h, ”D‘B* u’)) +H.c. 1064 2126
i(f+)(Bg, D" By, ) (u;u,) + H.c. 901 <BéuﬂhMD B, u’;) 4+ H.c. 1065 2127
(f++)(w'u)(B§,0,:B5,) + H.c. 902 (Beu"h**D,Bg u" ;) + H.c. 2128
i(f *u,) (B, u'Bg,) + H.c. 903 (Beu"h**D Bgﬁu ) +Hee. 2129
i(f " u*)(Bg,u,Bg;) + He. 904 (Bg u"h”DﬂMB*”u ,) +Hec. 1066 2130
i(fu*)(Bg,u;B,) + He. 905 (Bgu*h**D,,,’ B¢ ,u” ) + H.c. 1067 2131
i(f*u*)(Bg,u’D,;B;,) +H.c. 906 (B uﬂhMDMﬂBgﬂ u’,)) +H.c. 2132
z(fwu*)(BG”u D,,B;;) +H.c. 907 i(Bgu*h**c,,D,Bg’u’ ) + H.c. 2133
z(fﬂu*)( (D;,B;,) +He. 908 (Bﬁuﬂh% ,D’Bg,u” ) + He. 2134
(fs ><BéﬂuﬂmBﬁp> +Hec. 909 i(Bsu*h**c,”D,B,u” ) + H.c. 1068 2135
l(B*”f+ vf_ /’ySyDDﬂB* )+ H.c. 472 910 i(B6u”h”’Iab”DﬂBgAu ») +He. 2136
(B fo . f - rsyiD, B6ﬂ> + H.c. 473 911 (Beu"D,B*u™fT,)) + H.c. 2137
i(Bg f f_"rsr,D;Bg,) + H.e. 474 912 (Beu"D* B, u™fT,;) + H.c. 2138
(B ff_rsv,D,Bg,) + H.e. 475 913 (Bg u"D”B*‘ T fr.) +He. 2139
i(Bg f " WPysy,D;Bg,) + Hee. 476 914 (Bg uﬂDvB*‘uT L. +He. 2140
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0, SU(2) su@3) EY 0, su@2) & su@3) EY
i(Bg f 1 h*ysyiD,Bg,) + H.c. 477 915 i(Bgu'o,*D*Biu” ) fT,,) + H.c. 2141
i(Bg " h, ysy,D;Bg,) + He. 478 916 i(Bsu'o,"D*B*u” ,f7 ;) + H.c. 2142
i(Bg*f ", ysy,D,B;,;) + H.c. 479 917 i(Bgu'c**D,Bg’u” ,fT;,) + H.c. 2143
i(Bg!f " ysy.D,Bg,) + He. 480 918 (Bof_Mu,u’D,By,) + H.c. 2144
i(Bf 1 vsy' DB f1,,) +Hee. 481 919 (Bof M u,uD,;B;,) + H.c. 2145
i(BeV f, ulysy,D;B;,) +He. 482 920 (Bof *u'u,D,B,) + H.c. 2146
i(Bg!V f 1, ysy"D;Bg,u ) 483 921 (Bof u*u,D,B;,) + H.c. 2147
i(f ) (Bg, f-*ysyiD,B,) +He. 484 922 i(Bof " uu’0,,D;B;,) + H.e. 2148
i(f o) (B rsr,DyBg,) + Hee. 923 i(Bof- Wi, aD,B;,) + He. 2149
i(f # f-) (B vs7,D,Bg,) + Hee. 924 i(Bef_"uu’c,,D,B;,) + Hec. 2150
i(f ) (Bysy, DB} > +He. 925 (BeD"B;*) (u, uﬂf )+ He. 2151
i(f " h,2)(BysyD, 36p> +He. 926 (BeD" B ) (u,uf_,;) + Hee. 2152 1
i(f " h*) (B G”ySyUDA ;) +He 927 (BeD"BY) (uwhu, f_,;) + Hec. 2153
i{(f 4 1)(Bg,rsy,D,B;,) +H.c. 928 (B¢D"B¥)(utu, f_,;) + Hee. 2154
i((VFf i, “Y(Bt'w vsY,DuBg;) 485 929 (BsD*BY) (u? “/If—;w> L+ Hec. 2155
i((Vif L ut) (B ysyiD,Bg,) + Hee. 930 (B¢D*Bg*)(u,u*h,;) + H.c. 2156
(Be'f 4"+ By) 486 931 (BeD"B2¥) (u,uthy,;) + Hec. 2157
(B&"f+f vuBiy) 487 932 (BsD*B:¥) (u'u hM) +He. 2158
(B&"f " f +0aBg,) 488 933 (B DﬂviB*ﬂxuﬂuy fo,) +He. 2159
(Bg'f " f< Dy, Bg,) 489 934 (BeDM™B2P) (,u,h,;) + H.c. 2160
(Bg'f ¥ f 1./ Dy Bg,) 490 935 i(Beo" D*BL’) (u,u,f_,,) + H.c. 2161
(B 1 f 7 06,,B5,) 491 936 i(Beo" D*B ) (w,u,f_,,) +H.e. 2162
(Bg'f,Bs'f1 ;) +He 492 937 i(Bgo" D' By’ ) (u,u,f ) +H.e. 2163
(Bg"f B, f1 ) 493 938 i(Beo" D*B) (uu, f ) + He. 2164
(Bg“f1,'D,/'Bi f1;,) + Hee. 494 939 i(Bgo* D*Bi’ ) (u,u,h,,) + H.c. 2165
(Bg“f "D, B, f1,,) 495 940 i(Beo™ D*BP) (u,uzh,,) + H.c. 2166
i(Bg'f 1, 0,/ B f1,,) + He. 496 941 i(Bgo" D*B) (u,u,h,;) + H.c. 2167
(B3 Biy) (f+*f 1) 497 942 (w'u’)(Bof ' D,By,) + H.c. 2168 1
(BB ) (f 4 f12) 498 943 (w'u”)(Bsf_,/D;B;,) + H.. 2169 1
(Bg DBy, )(f 1./ f 1) 499 944 i(w'u’)(Bof *0,,D,B;,) + H.c. 2170
(B DB )Y (f syt +2p) 500 945 i(w'u”)(Bsf_*0,,D,B;,) + H.c. 2171
(f+#)(Bg, [+, Bg;) + Hee. 946 (u"f_,*)(Bou'D,By,) + H.c. 2172
(f+#)(Bg' f1uBs;) + Hee. 947 (uf_,")(BeuD,BY,) + H.c. 2173
(f++)(Bg,f+*D,;B;,) + H.c. 948 i(w'f_**)(Bgu’s,,D,;B;,) + H.e. 2174
(fv "”><32”f+u D, Bm + H.c. 949 i(u f_*") (B’ c,,,D Bm) +H.c. 2175
i{(f#)(Bg,f*"06,,B;,) + H.c. 501 950 (BeutV, f ¥ ysbew +H.c. 1069 2176
(f ) f o) (B§'Bg,;) + H.c. 951 (Beu'V* f_,*ysy,Bg,) + H.c. 1070 2177
(Fr ) f o ><B* Bg;) +Hec. 952 (Beuw'V'f_tysy,By,) + He. 1071 2178
(F) (1) (BE D,y Bg,) + Hec. 953 (BN f_, ysy;Bg,) + Hee. 1072 2179
(f ) (f77)(Bg, D, Bg,) + Hee. 954 (Beu'V* f_*ysy,D,B;,) + H.e. 1073 2180
i +/4v><f+/1/’><BG”()',J,1B* ) + H.c. 955 (Bgu" V¥ f _ p}’syuDﬂﬂBép> +H.c. 1074 2181
i(f*f)(B;,0.,,B;,) +H.. 956 (Bou'V*f_**ysy,D,,B;,) + H.e. 1075 2182
(Bg'u,u'y . Bg,) +He. 502 957 (Bou"V*f_*ysy,D,,B;,) + He. 1076 2183
<BZ"u”uﬂx+Béu> +He. 503 958 (BouV, h*ysy,B;,) + H.c. 1077 2184
(By'uu,y.B;,) + He. 504 959 (BouV***ysy,D,;B;,) + H.c. 1078 2185
(Bg#uu’y . D,B;,) + H.c. 505 960 (Bou“N“It*?y5y,D,,;B;,) + He. 1079 2186
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0, su@2) & su@B) EY 0, su@2) & su@3) EY
(B u,u* B %) 506 961 1 (Beu'V*I*ysy,D;,B;,) + He. 1080 2187
(Bg'u’u, B x") + Hee. 962 (Bgu!ysy,Be*V* fT,)) + Hee. 1081 2188
(Bguu,By,x%) + He. 963 (Bou'ysy* By, VAfL,;) + Hee. 1082 2189
(Biru¥ MDMBG”;M +H.c. 964 <Béuﬂy5y”Bgﬂvy fT.) +He. 1083 2190
(Bg'u,y  u”By,) 507 I 965 I (Beu!ysy*Bi*V,h" ;) + H.c. 1084 2191
(Bgruby su, BGU> 508 966 (Bsf-*f_ rsv,B,) + H.c. 1085 2192
(Bg'u*y su,Bg,) 509 967 (Bef " f_ ysr,B,) + Hee. 2193
(B*u’y .u*D,,; B ) 510 968 (Bef_tf_ ’V’ysyﬂDmBG/}) +H.c. 2194
(Btu,x BeuT ) Y He 511 1 969 T (Bef_*h, ysy,B;,) +He. 1086 2195
(Bg!uvy B,ul,) + He. 512 970 (Bof " h,'ysy,B;,) + Hc. 1087 2196
(Bgruty Biu”,) + He. 513 971 (Bof_"W?ysy,D,B;,) + H.c. 1088 2197
(Bgtuy . D, 'Bg,u";) + He. 514 972 (Bsf_"h*ysy,D,,B;,) +H.c. 1089 2198
(Bg"Bg,) (' u ) 515 973 1 (Bef_Mysy,BifT,.) + He. 1090 2199
(BeF B ) (uux ) 516 974 (Bef_m ysyﬂBé’lhTWO +H.c. 1091 2200
(Be* B ) (uuy ) + He. 975 (BeVFf_ ulysy,B,) + He. 1092 2201
(Bg“D* By, ) (u,uzp ) 517 976 (BeV¥f_ u'ysy.Bg,) + He. 1093 2202
(uu,) (B; ;”ng) +H.c. 977 1 (BeVFf_u,ysy,B,) + He. 1094 2203
(w'u”)(B,x +Bg,) +H.c. 978 (B h"”f_ﬂ vsv.Bg,) + He. 1095 2204
(u "><Bgﬂ;(+DWBg ) +He. 979 (Bsh*"h,*ysy,Bg,;) + H.c. 1096 2205
(u'y.)(By,u"Bg,) + He. 980 1 (Bgh™ hM ysyaBL,) + He. 1097 2206
(w'y . )(Bt'u,B;,) + H.. 981 (Bsh*ysy,BE*hT ) + H.c. 1098 2207
(uy ) (Bi*u’D,,By,) + H.c. 982 (BeVFh"u,ysy,B;,) + Hee. 1099 2208
<;(+>(BﬁﬂuﬂungU> +H.c. 983 1 (u'V,f_“")(Beysy,B,) +H.ec. 2209
(r+)(Bg!u"u,Bg,) + H.c. 984 ('Y f ") (Beysr,Bg,) + He. 2210
(x+)(Bg'u’u,Bg,) +He. 985 (V" ") (BsysruBg,) + Hee. 2211
(1 )(Bg!u'u'D,,Bg,) + H.c. 986 (W'Y f_2) <Bsy5nB6#> +H.c. 2212
(x4 )(Bgtu, B u',) + Hec. 987 1 (u'V*f_%)(Bersy,D,;Bg,) + He. 2213
{r+)(Bg"u'Bg,u',) + Hee. 988 (w'V* f %) (Bgysy,D,uBg,) + He. 2214
(x+)(Bg"uD,'Bg,u";) + H.c. 989 (uNYf_#)(Bgysy,D,uBj,) + H.c. 2215
(Bg'uN’y ysr,D;Bg,) + Hee. S18 990 (', i) (Bgysy,Bs,) + H.e. 2216
(BgtuNy ysy,D,Bg,) + He. 519 991 <uﬂvvhlﬂ><36y5y,,DMBgﬂ> + H.c. 2217
(Bg'f -y rsr.D;Bg,) + Hee. 520 992 (f-"h,*)(Bgysy,B,) + H.c. 2218
(BgV*V 1, Bg,) 521 1 993 1 (Wh*)(Beysy,B;,) + He. 2219
(V¥  V(B:BS,) 522 1 994 I (B, f P uutysy,B,) + He. 1100 2220
i(Bf . x BL,) + He. 523 995 i(Bof " u,utysy,B;,) + H.. 1101 2221
i(Bg f 1 Be,xh) 524 996 i(Bof *“uu,ysy,Bg;) + Hee. 1102 2222
(BB f vt ) 525 997 i(Bof " u uﬂySle&) +H.c. 1103 2223
i(f+ ’w><36,4)(+36y> 526 998 i(Bof *u'uysy,Bg,) +H.. 1104 2224
i(f ) 0 ) (Bg, Bg,) 527 999 i(Bef " utulysy,D 1iBs,) +H.c. 1105 2225
i( )(Bg'f,,“Bg,) + He. 1000 i(Bof J"uﬂuﬂysyMDwB6 ) +Hec. 1106 2226
(Bg"x%Bg,) 528 1001 i(Bf " utu’ysy,D,,B;,) + H.c. 1107 2227
(Bg'x+Bg, %) 529 1002 i(Bgf " utu’ysy,D,,B;,) +H.c. 1108 2228
(Bg"B,) (%) 530 1 1003 I i(Bef,mut uﬂysprMBm) +H.c. 1109 2229
() (Biiy.Bg,) + Hec. 1004 i(Bof " u,ysy, B u”;) + He. 1110 2230
(r) (i) (BEBg,) +Hee. 1005 i(Bf *u,ysy*Bg,u’ ;) + H.c. 1111 2231
i(Bgtu'u'y_ysy,D,B;,) + H.c. 531 1006 i(Bgf " u'ysy,Bg,u";) + H.c. 1112 2232
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0, su@2) & su@B) EY 0, su@2) & su@3) EY
i(Bgtu'u'y_ysy,D,Bg,) + H.c. 1007 i(Bof " u ysyﬂBMu ) +He. 1113 2233
i(BFu’u ySy,,DABW;( )+ H.c. 532 1008 i(Bef " u'ysy,Bg,u",) +H.e. 1114 2234
i(Bgtu'y_u'ysy,D,Bg,) + H.c. 533 1009 i(Bef ””uiygyﬂDﬂB6 7)) +Hec. 1115 2235
i(Bg"u’y_ysy,D'Bg,u' ;) + Hee. 534 1010 i(Bsf " u'ysy, D,/ B! ) + Hee. 1116 2236
i(Bg'u*y_ysy'D,Bg,u";) + H.e. 535 1011 i(Bof " uysy, DB, u” ) +H.e. 1117 2237
(B*”ysy"DﬂB*”Mul,uM_) +H.c. 1012 i(Bsf " uysy,D,’ By, u”,) + H.c. 1118 2238
i(x_)(Bg'u*u'ysy,D;Bg,) +H.e. 1013 i(Bof M utysy” D,y By u ,,> +Hec. 2239
i(B'u,V'y_B:,) + He. 536 1 1014 1 i(Bof."ysy,B, u“um Y Hec. 2240
i(Bu*V ,y_B;,) + H.c. 537 1015 i(Bef " ysy,Bg'u" u”;) + He. 1119 2241
i(Bg#u'V,x_Bg,) +H.c. 538 1 1016 1 i(Bef,* ysyﬂB” aul) +He. 2242
i(Bg#uNy_D,,B;,) +H.c. 539 1017 i(Bof #ysy'Bg,u" u 1) +H.c. 1120 2243
l(B*”u”B* Vb 540 I 1018 I (B, f+””y5yiB* ulu’,) +H.c. 2244
i(By'By,) (V) 541 1 1019 1 i(Bef ysy,D, ’IB*”u u” ) +He. 1121 2245
i(Bg*Bg¥)(u,V,x_) + H.c. 1020 i(Bsf *ysy,D,*B"u” ,u”;) + H.c. 2246
i(Bg* D" Bg,)(u,V,x_) + H.c. 1021 i(Bsf *ysy,D¥ B u”u” ) + H.c. 2247
i(Viy_ ><Bg”u B;,) +H.c. 1022 T i(Bgsf *ysr'D,/Bi,u” u’,) + H.e. 1122 2248
<B ”f+ xX- YSYuDABg,) +H.c. 542 1023 I(B6f+’“’y5y D /’B6Du ol 7))+ H.c. 2249
(Bgf myDlBﬁﬂx ) 543 1024 i(Bou!f ., 'ysy,BL,) + Hee. 1123 2250
(f ") (B x—ysr,D.Bg;) 544 1025 i(Beu! f, utysy,B;,) + H.c. 1124 2251
(fe) - ><Bs Ys7uDyBg) 545 1026 i(Bgu!f.“ uﬂysy,,B6 )+ H.c. 1125 2252
(f*x_)(Bg'rsv,D,Bg;) 546 1027 i(Bou' f " u,ysy,Bg,) + He. 1126 2253
(- ><B*”f+”75nDaB ) +He 1028 i(Bou " u,ysy,B5,) + He. 1127 2254
(Bg'x2Bg,) 547 1029 i(Beu f . uysy,D,,B,;) + H.c. 1128 2255
(Bg”;(_BgM;(_> 548 1 1030 I i(Beu'f. “u’ysy,D,;B;,) +H.c. 1129 2256
(x-)(B&x-Bg,) 549 1031 1 i(Beu'f “uysy,D,,B,) + H.e. 1130 2257
(x-){x-)(Bg"Bg,) +H.c. 1032 i(Bou"f ' ulysy,D;,Bg,) + H.c. 1131 2258
(Bg"Bg")(F L' Fri;) +P. 550 1 1033 I i(Beu'f Yu ysprwa +H.c. 1132 2259
(B By, ) (FL" F L) +P. 551 1034 i(Bu! f 1, vy, Bg'u" ) + Hee. 1133 2260
(Bi*D"*ByP)(F 1, Fy,,) + P. 552 1 1035 I i(Bgu" f+,, ySy’lBGyu )+ He. 1134 2261
(B D BL,) (L FLyy) + P 553 1036 i(Bu f “ysy,Bi,u’ ;) + Hee. 1135 2262
<FL”DFL/1/)>< .0.:Bg,) +P. 554 1037 i(Bou'f " ysnBG,,u ")) + He. 1136 2263
(F)(Fr,’ ><BﬁuBm> +P. 55 1 i(Bu! f sy, Bg,u” ) + H.c. 1137 2264
(FL")(F ><B*ABZ,1> +P. 556 i(Bouf ;**ysy,D,;Bg u” ,) + He. 1138 2265
(F " )(F,*)(Bg,D,;Bg,) +P. 557 1 i(Bouf*ysy,D,’Bi,u’ ) + Hee. 1139 2266
(FL™)(F /><B*"D 2B;,) +P. 558 i(Bou f;ﬂysyDDwau L) +He. 1140 2267
i(F ") (FL p><36,4"w136p> +P. 559 i(Bouu,f ,*'ysy,B;,) + H.c. 2268
(Bg*Bg,) (xx") 560 1038 i(Bou'u"f /vy, Bi,) + Hec. 2269
<B*” det)(Bgl) + H.c. 561 i(Boutu* f+M ysyaB¢,) + He. 2270
(B3u*u,u*u,Bg) + H.c. 1039 i(Beu'u’f ., ysy,Bg,;) + H.c. 2271
(B3u*u’u,u,Bg) + H.c. 1040 i(Bouu"f 1., ysy,Bg,) + H.c. 2272
(Bsutu’u,u,Bg) + H.c. 1041 i(Bouu* f *ysy,D,,Bg,) + H.c. 2273
(Bsu!u,u*u*D,;Bs) + H.c. 1042 i(Bu'u’f *ysy,D,,B;,) +H.c. 2274
(Bsu!u*u,u'D,;Bs) + H.c. 562 1043 i(Bouu*f *ysy,D,,Bg,) + H.c. 2275
(Bsu"u*u uﬂD,MB6> +H.c. 1044 i(Bg yﬂ/“B*”)(fﬂwu u;) + He. 1141 2276
(Bsuu’u*u,D,;Bs) + H.c. 1045 i(Beysy" Bg¥) (f 1, uyu;) + Hee. 1142 2277
(Bgu”u”uﬁu,,DMBQ +H.c. 1046 i(Bgysy" Bg¥) (f 1, uzu,) + Hee. 2278
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0, SU(2) su@3) E 0, su@) & su@) EWY
(Bsu'u’u*u;D,,Bs) + H.c. 1047 i(Bsysy" B ) (f 1+, u,u;) + Hee. 1143 2279
(B; /‘u”u’luf‘Dﬂw,BQ +H.c. 1048 i(Beysy* B )(f ., uu,) + Hec. 2280
i(Bsuu,u*u*c,)Bs) + H.c. 563 1049 1 i(Beysy"D**By?)(f 1 usu,) + H.c. 1144 2281
l<: u'uu,u O'MB(,> +H.c. 564 1050 I z(}? YY" DByl ) (f 1 u,u;) + Hee. 2282
z({? utuu,uc,;Bg) + H.c. 1051 1 z(z_; ¥sr*D*BEF ) (f 1 pu,uy) + Hee. 1145 2283
i(Bsutué wu,0,,B) + He. 052 1 ilBors DYBIWS ityi) +He, 1146 2284
i(Bsu!u’u*u,0,,Bs) + H.c. 1053 T i(Bgysy*D"*B; ")(fﬂ,,,u,lu ) +Hec 2285
l(B3u"u u*u,0,,B6) + H.c. 1054 T i(f,*)(Beu,u'ysy,Bg,) + H.c. 2286
i(Bsu'u*u*u’s,,D,,Bs) + H.c. 565 1055 T i(f*)(Beu,u'ysy,B;,) + H.c. 2287
z(:gu” u’ iu”o’ D,,Bs) +H.c. 566 1056 T i(f ") (Beu*u,ysy,B;) + H.c. 2288
i(Bsutuu Aupo DMBG) +H.c. 1057 T i(f#)(Beu*u,ysy,B;,) + H.c. 2289
i(Bu'u? uiu”aMD Bg) + H.c. 1058 1 z(fJ”)(BGu uysy,Bg,) + He. 2290
i(Byutuu Au/’awDMBG) +H.c. 1059 I i(f ") (Beu'u’ysy,D,,Bg,) + H.. 2291
i(Bsu'u*u*u’c,,D,,Bs) + H.c 1060 T i(f,#)(Beu*u’ysy,D,,B;;) + H.c. 2292
(l_?gu/‘u u’Bgu”,) + H.c 1061 z(f+””><l_3 utu’ysy,D,;,B;,) +H.c. 2293
(Bsu'u’u,Bsu™,) + H.c. 1062 i(f*)(Beu*u’ysy,D,,B;,) + H.c. 2294
(Bywuu,BeuT,) + H.c. 1063 i(f ) (Bu u/’ysprMB6U> +He. 2295
(}?3 wu,u’ D ’1B6u .+ He. 1064 z(fJ”)(l:% u,ysy,Bgtu® ;) + Hee. 2296
(B u,D,*Bgu” ) + H.e. 567 1065 i(f ") (Bq ﬂysymébu ) +He. 2297
(Bsu'u*u,D,/Beu’ ;) + H.c. 1066 i(f ) (Bou'ysy,Bg,u' ;) + H.e. 2298
(B5 "u”ulD JBeu®;) +H.c. 1067 i(f ") (Bou'ysy, MBG/’u ,) +Hec. 2299
<B§ ”MDM/{D/MBﬁ > + H.c. 1068 l(f+’”‘><f_36u VSVﬂDA/}Bﬁ,, > + H.c. 2300
(Bsu"u*u*D,;Bu” ) + H.c. 1069 i(f *)(Bgu'ysy,D,’ By u’ ) + H.c. 2301
(Byuué 1 Dy, B ) + Hie. 070 i(f ) Borsr, Big) + Hc 2302
l<B3u”uﬂu 6,/ Beu”,)) + H.c. 568 1071 1 l(er””)(uyu’l)(B(,ySleéD) + H.c. 2303
i(Bsu'u’u,0,"Beu’ ;) + H.c. 569 1072 1T i(f ") utu, ><B67’57,436y> +Hec. 2304
i(Bsu"u’u,0,'Beu” ;) + H.c. 1073 T i(f ") (u*u”)(Bgysy, D,B;,) +H.c. 2305
1(1:9314”14 u G”DB6M 7))+ Hec. 187451 I z(f+‘”’><uiu”><B6y5yﬂD@Bﬁb) +H.c. 5286
l( sufutu G;MBGM > +H.c. 7 I l<f+/w>< up><BGJ/5y/1Dﬂ/)BGy> + H.c. 7
l(l:?3u”u O'MBﬁu T,)+Hec. 1076 I i(f"u M}(I:Béu rsv,BE,;) +H.c. 2308
i(Bsu'u’u*c,,D;’Beu” ) + H.c. 570 1077 T i(f #u,)(Bsu'ysy,B;,) + H.c. 2309
i(Bsu*u*u*c,,D,’Beu” ) + H.c. 1078 T i(f "u*)(Beu,ysy,By;) + H.c. 2310
l(: u'uu'c,’D,;Beu’ ) + H.c. 571 1079 1 i(fﬂ”u’l)@ u,ysy,Bg,) +H.e. 2311
i(Bzutu’u ayﬂDﬂﬂBﬁuT,,) +H.c. 1080 T i(f *u*)(Beu,ysy,B,) + H.c. 2312
i(Bsu'u*ue,” D aBeu® ) +H.c. 1081 1 i(f *u*)(Bg w’ysy,D, ABE,,> +H.c. 2313
i(Bsu'u’u*c,”D,,Beu’ ,) + H.c. 1082 T i(f »u")(Beu"ysy,D,,B;;) + H.c. 2314
(Bsu'u,D"*Bgu” ,u” ;) + H.c. 1083 i(f " u*)(Bg u/ySyﬂDipB&) +H.c. 2315
(B5 ”u"D ABﬁuT,luT )+ H.c. 1084 i(f *u*)(Bgu’ysy,D,,B;,) + H.c. 2316
i(Bsutu, a”’lBéu ) +H.c. 1085 T i(f "u*)(Beu’ysy, MB6u> +H.c. 2317
i(Bsu!u’c ABGM 7)) +H.c. 572 1086 1 1<B6f+””f_/D B;,) +H.c. 1147 2318
i(Bsu'u’o,’Beu” ju” ) + H.c. 1087 1 i(Bef " f_,*D;B;,) + Hec. 1148 2319
i(Bsu'uc,’Beu” ju”,) + H.c. 1088 T (Bef. *f_*0,D,;B;,) + Hec. 1149 2320
i(Bsuuc,,D¥Beu" ;u” ) + H.c. 1089 I (Bef *f_"6,,D,B;,) + H.c. 1150 2321
i(Bsu'u’o, D P Bgu”, p> +He 573 1090 1 i(Bgf.*h,'D,B;,) + Hec. 1151 2322
z(_ w'u'e, ’1D S Beou” ,u’ ;) +H.e. 1091 T i(Bgf *h,'D,B;,) + H.c. 1152 2323
i(Bsu*u’o, ‘D /Beu” ju” ) +H.c. 1092 1 i(Bsf,*h*"D,,B;,) +H.c. 1153 2324
(B3uD,"Bg) (u,uuy) + H.c. 1093 (Bof " 1t*,,D;B;,) + H.c. 1154 2325
(B3Bg)(u'u,) (u”u,) + H.c. 1094 (Bof#“N*6,,D,Bg,) + H.c. 1155 2326
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5(4)

su@3) E

5(4)

su@3) EY

0, SU(2) ey 0, SU(2) e

(B3Bg) (u'u”) (u,u,) + H.c. 1095 i(Bsf *D,BfT,;) + Hee. 1156 2327
(B3D" Bg) (u,u,) (u*u;) + H.c. 1096 i(Bof " D*B,fT,;) + H.ec. 1157 2328
(B3D* Bg) (u,u’) (u,u;) + H.c. 1097 <Béf+*‘”a,/DuBzf’f5p> +H.c. 1158 2329
(B3D"*? B) (u,u,) (uzu,) + H.c. 1098 i(BVFf.  u'D Béﬂ + H.c. 1159 2330
i(w'u,)(Bsu*u*c,;Bs) + H.c. 1099 1T i(BV*f,,'u’D,;B; ) + H.c. 1160 2331
i(uu”)(Byu,u GMBG> +H.c. 1100 1T i(BsV*f,,*D,Bi*u o ) +He. 1161 2332
z(u”u”><B3u u’c, B6> + H.c. 1101 1 l(B V”fﬂl”DﬂBgyu 1) + Hee. 1162 2333
i(u'u”)(Bsu'u’c,, MB6> +Hec. 1102 I i(Beu*V,f.**D,B;,) +H.c. 1163 2334
i(u'u, Y(Bsu’o,/Beu’ ;) + H.c. 1103 I (B, u”V”f+/D B:,) +H.c. 1164 2335
i(u'u)(Bsu'c,,D,/Beu” ) + H.c. 1104 1 i(Beu'V“f,,*D,B;,) + H.c. 1165 2336
(Bsutu, f_" *ysy,D;Bg) + H.c. 574 I 1105 I (B u”V”fﬂﬂDiBgM) +H.c. 1166 2337
(Bsu'u? f_*ysy,D;Bg) + H.c. 575 1 1106 I (BeuV“f,*c,,D,;B;,) +H.c. 1167 2338
(Bsutu*f_, ysy,D,Bs) + H.c. 576 1 1107 1 (Beu*V“f."s,,D,B;,) +H.c. 1168 2339
(Bsutu’f_,*ysy,D,;Be) + H.c. 577 1 1108 1 (Beu'V“f,*0c,D,B;,)+ Hec. 1169 2340
(Bsutu*f_,'ysy:D,Bs) + H.c. 578 1 1109 T i(B 6f-"”f+,/DuBa> +H.c. 1170 2341
(Bsu'u’f_*ysy;D,,,Bs) + H.c. 579 1 1110 1T i(Bef_*™f., D,B;,) + Hec. 1171 2342
(Bsu!u,h**ysy,D,Bg) + H.c. 1L T i(BsD*BE*)(f+u*f-ua) + Hec. 1172 2343
(Bsu*u*h,*ysy,D;Bg) + H.c. 580 I 1112 1 z(B6D/‘B MLt —;a) +H.c. 1173 2344
(Bsu'u*h,*ysy,D,Bg) + H.c. 581 1 1113 I i(B¢D"B){(f,,/ h,) +Hec. 2345
(Bt hyrag, DB + Hie W14 1 iBaDB) ([ ) + e 2346
(B u”u’“h/ysleﬂBQ +H.c. 582 I 1115 I (B D”B*"><V’1f+ﬂ,1u )+ H.c. 1174 2347
(Bsuu*h*ysy,D,,,Bs) + H.c. 583 1 1116 1T i(BsD*By¥)(V*f,,u,) + Hec. 1175 2348
(Bsw'u’h*ysy,D,,,Bs) + H.c. 117 T i(BeD"™ B ){f y,phu1) + He. 2349
(Bsu!u*h*ysy,D,,,Bs) + H.c. 118 1 i(f ") (Bsf_, 'D,B,) + H.c. 2350
(Bsu'u,ysy*D*BsfT,;) + H.c. 119 1 i(f ") (Bsf_,'D;B},) + Hec. 2351
(Bsuu“ysy, D' BofT,;) + H.c. 584 1 1120 1 (f #)(Bef_*0,,D,B;,) + He. 1176 2352
(Bsu'u*ysy,D*Bef",;) + H.c. 121 1 (f,mf %)(Bso,,D;B;,) + He. 2353
(Bsu'u’ysy’D,BsfT,,) + H.c. 585 1 1122 1 (f,»f %)(Bso,D,B;,) +H.c. 2354
(Bsu'uysy*D,BefT,;) + H.c. 1123 1 (f,*i*)(Beo,,D;B;,) + H.c. 2355
(Bsuu*ysy*D,Bgh" ;) + H.c. 586 I 1124 I (f,"h¥)(Beo,,D,B;,) + H.. 2356
(Bsu*u’ysy*D,Bgh” ;) + H.c. 125 1 i(Vrf, ") (Beu*D,B;,) + H.c. 2357
(Bsu'u’ysy* D,/ BofT,,) + H.e. 1126 1 i(Vif, ") (Beu'D,BL,) + He. 2358
(Byutf_ ””u’lySnylB()) +Hec. 587 1 1127 1 i(BgVAVY,f Yysy,By,) + He. 1177 2359
(Bsu!f_,*u*ysy,D,Bs) + H.c. 588 1 1128 1 i(VV,f *)(Beyrsy,B;) + He. 2360
(Byutf_ v u,ysy,D;Bs) + H.c. 580 1 1129 T (Bef,™f.  ysv.Bi;) + He. 1178 2361
(Bsu'f_“u,ysy,D;Be) + H.c. 1130 T (Bef ™[, rsvaB;,) + Hee. 1179 2362
(Bsu! f_**u,ysy,D,Bg) + H.c. 131 T (Bgf *f,*ysy,D,;B;,) + He. 1180 2363
(Bsuf_**uysy,D,,B6) + Hec. 590 1 1132 1 (Bef "ysy,BiifL,;) + He. 1181 2364
(Bsutf_,"ysy,D*Beu’ ;) + H.c. 591 1 1133 1 (Bsf "ysy,D,/ By f",,) +He. 1182 2365
(Bsu'f_,'ysy"D,Beu’ ;) + H.c. 592 1 1134 T (fi#)(Bef i, rsr.Bs;) +He. 1183 2366
(Bsutf ysy,D,Beu’ ;) +He 593 1 1135 1 (f)(Bef., rsviB;,) + He. 1184 2367
(Bsuf_"ysy,D,Beu' ;) + Hec. 594 1 1136 1 (f *)(Bef."rsr,DuiB;,) + He. 1185 2368
(Bsu!f _“*ysy,D;Bsu’ ;) + H.c. 595 1 1137 1 (f,®)(Bsf*ysr,D,,B;,) + He. 1186 2369
(Bsutf_4ysy,D,’Bgu’,) +He. 596 1 1138 1 (fm)(f,*)(Bersr,B,) + He. 2370
(Bsu!h,*u*ysy,D;Bs) + H.c. 597 1 1139 T (f ) {(f*)(Bersru,DuiB;,) +He. 2371
(Bsu"h,*u*ysy,D,Be) + H.c. 1140 1 (f,*f,,*)(Bersr,Bs;) +He. 2372
(Bsu!h**u,ysy,D;Be) + H.c. 141 T (f#f ) (Bsysr,D.iBg,) + He. 2373
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0, su@2) & su@B) EY 0, su@2) & su@3) EY
(Bsu*h*"*u,ysy,D,Bs) + H.c. 1142 T (Beu'u’y.ysy,Bg,) +Hec. 1187 2374
(Bsu!h“*u,ysy,D,Be) + H.c. 1143 1 (Bgu'u’y,7s7,By,) + Hee. 1188 2375
(Bsu*h**u’ysy,D,,;,Bs) + H.c. 1144 T (Beu'u’ysy,Bgx") + H.c. 1189 2376
(B; ”hMW)J/s}’uDMp 6) +Hec. 1145 1T (Beu'u” YSYVBG,,ZD +H.c. 2377
@3 ﬂhvﬂuﬂysyp D,,,Bs) + H.c. 1146 1 (Bou'y u"ysy,Bg,) + H.e. 1190 2378
(Bsu"h, ysy,D*Beu™ ;) + H.c. 598 1 1147 1T (Bau'y, u'ysy,B;,) +He. 1191 2379
(Bsuh,*ysy*D,Bgu’ ) + H.c. 599 1 1148 I (Beu'y.,ysr,Bgtu',) + He. 1192 2380
(Bsu*h**ysy,D,Beu” ;) + H.c. 600 I 1149 I (B, u”;(+y5y”BgM )+ He. 1193 2381
(Bsuth*ysy,D,Beu” ;) + H.c. 601 I 1150 I (Beu'ysy,Bi*u’,x") +Hec. 1194 2382
(Bsu!h**ysy,D;Bsu’,) + H.c. 1151 I (B, uw'ysy’ Bg,u T x5 +He. 1195 2383
<B§M“h”}/5}/ﬂDM‘oBﬁqu> + H.c. 602 1 1152 1 <B Lutu? ySyMBm) + H.c. 2384
(Bsu*h**ysy,D,;”Bsu' ,) + H.c. 1153 T (Bgy,u'u’ysy,B;,) +H.c. 2385
(Bsu*h**ysy’D,,;Beu’ ,) + H.c. 603 1 1154 1 (Beysy*Be)(uu,y.) +He. 1196 2386
(Bsutysy, D”B6u”fTM> +H.c. 1155 T (Bgysy*Bg¥)(u,ux.) + Hec. 2387
(Bsutysy*D,Beu"" fL,;) + H.c. 1156 T (u'u”)(Bey.vsv,Bg,) + He. 2388
(Bsu!ysy*D*Beu” ,fT,;) + H.c. 1157 1 (w'y ) (Beu” ;/5;/,,1536 )+ H.c. 2389
(Bsu'ysy*D*Beu’ ,fT,;) + H.c. 1158 1T (u'y,)(Beu'ysy,By,) + He. 2390
(Bsu!ysy*D*Beu” 1 fT,,) + H.c. 1159 T (y.)(Beu'u* ysyﬂBGU> +He. 2391
(Bsu!ysy*D,Beu"*h" ;) + H.c. 1160 I (y )(Bew'u*ysy,B 6u) T Hec. 2392
(Bsu!ysy*D*Beu” ;h" ) + H.c. 1161 I (y )(Bsu'ysy,Bi'u T ) +Hec. 2393
(Bsu'ysy*D,*Bsu” 1 fT,,) + H.c. 1162 1 (Bqu*V“y,D,B;,) +H.c. 1197 2394
(Bsf_*u,utysy,D;Bs) + H.c. 1163 1 (BeuV¥y,D,B;,) +H.c. 1198 2395
(Bsf " u,u'ysy,D,Bs) + Hec. 1164 1 (Bgy,f_"D,B; >+H.c. 1199 2396
(Bsf_"u'u,ysy,D,;Be) + H.c. 1165 1 (Bgy,h"D, 36 ) +H.c. 1200 2397
(Bsf _"utu,ysy,D,Be) + Hc. 1166 1 (BeD*B*)(u,V,x.) + Hec. 2398
(Bsf " utuzysy,D,Bs) + H.c. 1167 T (BsD*Bg*)(u,V,x,) + Huc. 2399
(Bgf_””u’luﬂySyﬂDMpBé) +H.c. 1168 I i(Bgf,* “x+vsv.Bg,) +H.c. 1201 2400
(th””uﬂu‘y5nylB(,> +H.c. 1169 1 z(B6f+ ySyﬂBgD)(+) +H.c. 1202 2401
(Bsh*u*u,ysy,D,;Bg) + H.c. 1170 I (B 6;” f+*ysy,Bg,) + He. 1203 2402
(Bsysy"D*Bg)(u,u*f_,;) + H.c. 17t 1T i(f ) (Bexirsy.Be,) +He. 1204 2403
(B3ysy* D?Bg){u,u f_,,,1> +H.c. 1172 I i(f, )(;(+><Béy5yﬂB6D> + H.c. 1205 2404
(?iysy"D”B())(M uf- ) +He. 1173 1 (f+ ;€+)<Bﬁy5yﬂB6b> +H.c. 1206 2405
(B3ysy"D*Bg)(u'u,f_,;) + H.c. 1174 T i(y )(Bef+"rsvuBg,) + Hec. 2406
(Bsysy* D¥Be)(u'u,f_,) + H.c. 1175 1 i(Beu'u’y_D,B,) + H.c. 1207 2407
(Bsysy"D*Bg){(u,u*h,;) + H.c. 1176 1 i(Beu*u’y_D,B; . +He. 1208 2408
(Bsysy"D*Bg) (u,u'hy,;) + Hee. 1177 1 i(Beu'u*D,B;x") + H.c. 1209 2409
(Bsy SV”DU36><MAM h,;) + H.c. 1178 I i(Bgu*u*D BZ 70+ He. 2410
(B3ysy*D"Bg)(u*u,h,;) + H.c. 1179 1 i(Beu'y_u’D,B;,) + H.c. 1210 2411
(Byysy" D B)(u,u,f,,) + Hee. 1180 1 i(Beu'y_u'D,B;,) +H.c. 1211 2412
(Bsysy" D B) (w,u,hz,) + He. 1181 1 i(Beu'y_D,B*u 7 ) +He. 1212 2413
(Bsysy" D" Bg)(u,u,h,,) + H.c. 1182 I  i(Bs u”;(_D”B* T ) +H.c. 1213 2414
(utu,)(B3f_""ysy,D;Bg) + H.c. 1183 T i(Beu'D,B;*u” xT) +H.c. 1214 2415
(u'u”)(Bsf _,'vsy,D,Be) + H.c. 1184 1 z(B6u”D”B* T 4T) + H.c. 1215 2416
(u'u”)(Bsf_,'rsv,D,Bs) + H.c. 1185 I i(Bgy_u'u’D B*D) +H.c. 2417
(w'u”)(Bs5f_*ysy,D,u,Bs) + H.c. 1186 I i(Bey_u'u’D,B;,) +H.c. 2418
(uu”)(B3h,*ysy,D,Bg) + H.c. 1187 I i(BeD'Bg¥)(u,u,x_) +H.c. 1216 2419
(uf_,*)(Bsu'ysy,D;Bg) + H.c. 1188 I i(BsD*Bg¥)(u,u,x_) +H.c. 2420
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0, su@2) & su@B) EY 0, su@2) & su@3) EY
(' f_,")(Bsu'ysy,D,Bg) + H.c. 1189 1 i(u'u’)(Bey_D,B;,) + He. 2421
(u'h,")(Bsu'ysy,D;Bg) + H.c. 1190 1 i(uy_)(Beu'D, B6y) +He. 2422
e (Bsu,u,f_;,B6) + H.c. 604 1191 i(u'y_)(Beu’D,B;,) + H.c. 2423
e (Byu,u,f_,°D,,Bs) + H.c. 605 1192 i(y_)(Bu'u’D,B;,) + H.c. 2424
% (Bsu,u° f_,;D 036> +Hec. 606 1193 i(y_)(Bgu'u*D,B; ) +He. 2425
% (Byu,u,h;°D s Bg) + H.c. 607 1194 i(y_)(BouD,Bi*u T ,) +He. 2426
" (Bsu,u,BgfT;,) + H.c. 608 1195 i(BauiVy_ y;yﬂBm) +H.c. 1217 2427
e (Bsu,u,D,°BefT ) +H.c. 609 1196 i(BeuVVy_ vsr.Bs,) + He. 1218 2428
"% (Byu,u’D,,BsfL;,) + H.c. 1197 i(Beu'ysy,Be*V,x") + Hee. 1219 2429
" (Bsu, f_,u,Bs) + H.c. 1198 i(Bou'ysy" By, VoxT) + Hee. 1220 2430
e (Bsu, f_,,u’D,,Bg) + H.c. 610 1199 i(Bof_"y_ }'57;4321) +Hec. 1221 2431
e (Byu, f -, uaD oBs) +H.c. 1200 i(Bef_"ysy,Bix") + He. 1222 2432
¢ (Byu, f_,;Bu” ) + H.c. 611 1201 i(Bgh*“y_ y5yﬂBéy> +H.c. 1223 2433
e (Byu, f_,,D,°Beu’ ;) + H.c. 612 1202 i(Bsh"ysy,Bi,x") + H.c. 1224 2434
e (Bsu, f_,°D,,Bsu’ ,) + H.c. 613 1203 i(Box_f_"ysy,B:,) +H.e. 1225 2435
e (Bsu,, h;’ulez,BQ +H.c. 1204 i(Bey_h"ysy,B;,) + H.e. 1226 2436
"% (Byu,h,°D,,Beu’ ) + H.c. 1205 i(BsV¥y_u"ysy,B;,) + Hec. 1227 2437
" (Byu,Bou" ,fT;,) + H.c. 1206 i(BsV'y_uysy,By,) + Hee. 1228 2438
" (Bsu,D,"Bgu" ; fL ,;) + H.c. 1207 i(u'Vy_)(Bysy,BL,) + He. 1229 2439
" (Byu, D, Bou" . fT m +He. 1208 i(uV*y_)(Bersy,B;,) + He. 1230 2440
" (B3 f _yuyu,Bg) + H.c. 1209 i(f "y _){(BeysruB;,) + Huc. 1231 2441
" (B3 f _uyu°D ,,Bg) + H.c. 1210 i(hy_)(Bgysy,Bg,) + H.c. 1232 2442
e (Bsf_u”u; D psBg) + H.c. 1211 i(y_)(Bef ysy,BL,) + H.e. 2443
€ (B3 Bg) (u,u,f;,) + H.c. 1212 i(y_)(Beh™ysy,B;,) + H.c. 2444
e (B D,’Bg){u,u,f_,,) +H.c. 1213 i(Viy )(Bﬁu”ySyﬂB(*w) + H.c. 2445
"% (B3D,"Be) (u,usf ) + H.e. 1214 i(Viy_)(Bouysy,By,) + H.e. 2446
" (u,u%) (B3 f 1D, Bs) + H.c. 1215 (Bof"y_D,B,) +H.c. 1233 2447
e (u, f_,;)(Bsu,Bs) + H.c. 1216 (Bef **D,B x") + H.c. 1234 2448
e (u,f_,;)(B5u’D,,Bg) + H.c. 1217 (BeD*BE)(f 4 ux-) + Hec. 1235 2449
" (u,h,) (B3uyD s Be) + H.c. 1218 (f*)(Bey_D,Bt,) + H.c. 1236 2450
(Bsu*V*f_,,Bs) + H.c. 614 1219 (f+")(y_)(BeD,BL,) + H.c. 1237 2451
(B5u"V¥f_,*D,;Bs) + H.c. 615 1220 (x_)(Bef*D,B;,) + H.c. 2452
(Bsu"V"f_,'D,;,Be) + H.c. 616 1221 i(D"D,F, ") (Bgysy,BL,) + P.C.H. 1238

i(Bsu'V, f_M 6,,Bs) + H.c. 617 1 1222 1 (F,™F,,")(Beysy,B,) +P.C.H. 1239 2453
i(Bsu'V'f_,'0,;B6) + H.c. 618 I 1223 I (F™F;*)(Bgysy,D,B;,) + P.CH. 1240 2454
i(Bsu'N"f _*6,,D,,Bs) + H.c. 619 1 1224 T (F™)(F.,/)(Bersr,B,) + P.CH. 1241

i(B “”vyf—ﬁpf’MDﬂde + H.c. 620 I 1225 1 (F ™) {(F*) <B6y5y”DMng> +P.CH. 1242
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TABLE IX. Independent Lagrangian terms in the heavy-quark limit at the O(p*) order.

P, SU(2) SU(3) P, SU(2) SU(3)
i€ (Bu, u,u,u”v,p,) 1 1 (" u, ) (u,utuy) + Hee. 359
1€ (B3, u,u;u vy, 2 2 (o uy ) (u,u'uy) 360
i€ (B3, u,u’u,0,y,,) 3 (pruryr?) () 361
le""’“’(l_?gu”u U U VY ,) 4 <1/7”u”y/'1>(uﬂu,1ul,> 362
i (B, u, 1 uv,p,) 3 5 (" u, v vy (u,uju,) + H.c. 363
i€ (B3, u°u, 1,0,y ,,) 6 (v, vt ) (wuu,) 364
i€ (B3, uC u,u; v,y ,) 7 (i u v, v’ ) (u,uzu,) 365
i€ (B31,uu, u, vy, 8 (@ u” v, v"y?) (u,u,uz) 366
i€ (B3, uu,u, vy, 9 (g u v oy, ) (u,uyu,) 367
i€e"* ( By, u’ u’v,v VsW,) 4 10 (pur v, v o vy, )(u,{u/ Uy) 368
1€ (B3, u” u, u’v, 0,05y ,) 1 () (u uy ) (' uy) 369
i (B3, u"u’u,v,v, v(,y/p) 12 (Gt w,) (u?ut) (u,uy) 370
i€ (Byu,u,uyv,pou’ ) 13 @y ) (e, ) (' uy) 37
i€ (Bu, u,uy vy ,u’ ) 14 (ry) (u,ut) (uyuy) 372
i (Byu,u,u v,y ,u’ ) 5 15 () (u w,u' uy) 373
1€ (B3, u,u v,y ,u’ ) 16 <_”’//D><“;4“uu'1ui> 374
i€ (B3, u,u vy u’ ) 17 () () 375
i (Bsu,u®u, vy, u” ) 18 v vhy ) (uyuy) (wu,) 376
le/“”V’U_?gu”u U,V U T/,> 19 <l/_/”’l}””ll//;¢><”u“p><”/1“p> 37
1€ (B3u, uu, vy u’ ) 20 (v oty ) (u,u,) (uyu, ) 378
i€ (B3, uu,v,ypu’ ) 21 (¥ ”AW”><“M“p><”uW> 379
le""’“’(l_?gu”u UV, U,V y//,uT5> 8 22 (Hv¥ v W) (uyuulu,) 380
i€ (B3u, uu, v, v,0°p ,u’ 5) 23 (v vty ) (u,u, uyu,) 381
i (Byu, u"u’v,v,v5y,u’ ,) 24 (g v v y?) (u,, u) 382
i€ (Bxu,u, vy ,u"u’ ) 25 (v vt oPv” ll/ﬂ><“ ’4/1>< i) 383
leﬂt@({;guﬂuvywﬂﬂpﬂa) 9 26 (uu,) (g upu’ ;) + Hee. 384
i (Byu,u,vpu” ,u” ) 27 (wu,,) (@ utyr, ") 385
ze””’lf’<1_33u”u VU /)uT ) 10 28 (u”u”)<l/7”uﬂvﬂv”y/,,uT,,> 386
i€ (Byu,u, vy u” ,u” ) 29 (uw'u?) (pr,utv, o u’ ) + He. 387
i (Byu,u v,y u puT ) 30 e (g uuy f, w,) + Hee. 193 388
ie"”’lf’<1_33u w, 0,00y, u’ 5) 31 €’M’7<V/ u,u’f _jws) + Hee. 194 389
i€ (B3u,u"v,v, 0% ,u” u’s) 32 e (g u,u® f_yow,) + Hee. 195 390
e (Byu, v,y ) (u,u’u,) 33 e (g uu, f_yw,) + Hee. 196 391
1€ (B3, v,y°) (uu,1t,,) 34 M (@, uu, f_ie,) + Hee. 392
i€ (B3, vy, ) (uyu, 1) 35 e (g utuqf_w,) + He. 393
i€ (B3, v, 0" 00y, ) (U, us) 36 " (i, f v, 0,y5) + H.c. 197 394
i€ (u, u”) (Bsu, vy, u 0> 37 0 (i u, 1% 90, v,p5) + Hec. 198 395
i€ (u,u )(B3u vyu’ ) 38 e (i u,u° f_;°v,05y,) + H.c. 199 396
i(Bsuu, f v, p,) 11 39 " (i u,u° f_;°v,v5,) + Hc. 397
i(Byu'u’f_, o,y,) 12 40 e (ru,u f_,0v,05p,) + Hec. 200 398
i(Bsutut f_ op,) 13 41 e (g u’u, f_;°v,05p,) + H.c. 201 399
i(Bsuru f_, o,u,) 14 42 e (g u’u, f_°vivsy,) + He. 400
I<B§“”“Uf—ul”/1'l’ﬂ> 15 43 e <‘/_’/4”V”Ah/76'//6> +H.c. 202 401

(Table continued)
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P, SUR)  SU®) P, SUR)  SU@)
i(Bsuut f v, 0,0,,) 16 44 0 (fpu,u® gy, + Hee. 203 402
B 40, 45 0 (i, g, ) + Hic 403
i(B 3u”u b o) 17 46 e (g uu; v, 0, 5) + Hee. 204 404
i(Bsu!u’h, vy, 18 47 e (g uu;hv,v5y,) + Hee. 205 405
i(Bsutu’h, v,yp;) 19 43 e (i u, uhy’v, v,y 5) + Hee. 206 406
i(Bsutu’h, vy, ) 49 e (i u, uhy’v,v5y,) + Hee. 207 407
i(Bsutu’h* v, v, vy, 50 e (g u,uhy’v,v5y,) + He. 408
{(B3uu’ b v, v,0,y,) 20 51 e (i u, uh,*vv5y,) + He. 208 409
i(Bsutu’ h* v LOAV, W) 52 e (g 7 “u,h,® v,V5y,) + H.c. 410
i(Bsutu,v l//'{fTM> 53 e (g, u’u,h,ovyv5y,) + Hee. 411
i(Bsuu v,y T, 21 54 e (g, uuh,ov,v5p,) + Hee. 412
i(Byutut vt f1 M> 55 M (i u, u® R0, v,v50,y,) + H.c. 413
i(Bsutu*v '//MfTM) 22 56 e”’%”(y_luuyuly/"fzpﬁ + H.c. 209 414
By ) 57 0 (0,101 [T 4) + Hic. 415
i(Bsutu'v,p*h' ;) 23 58 e (g u,up°h' ) +Hee. 210 416
i(Bsu!u" v,y h” ;) 59 e (g u,u;v, 0wl T 5) + Hee. 211 417
i(Bsutuv,v, vy 1)) 60 e (g u® v vl fL5) + Hee. 418
i(Bsu! f_, utv,p,) 24 61 e (g u, u® v, 00w, T 5) + Hec. 419
i(B5 u'f_, Yutoy,) 25 62 e"”’{/’<y_/ﬂuyu”1},111(,y/5th5> + H.c. 420
iBsut f ) 2 63 (it fsgit®ys) + Hic, SER )
Bsut f i, ,0) 64 0 Gt ) + Hi. 2
B f 0, 65 (it 0 0) + HL 23 423
{(Bsu! f_“ulv,0,0,y,) 27 66 M (g, f°u’v,05y,) + Hee. 214 424
i(Bsut f_ v, ptuly) 28 67 e (i u, f -7 uzv,05y5) + Hee. 425
i(Bsuf_ vy, u” ;) 29 68 e (g u,f i wou’,) + He. 215 426
Bsu 4,1 30 69 4 Gt Py} + Hc 26 47
i(Bsut f vy’ ;) 31 70 e (g, f"wou’ ) + Hee. 217 428
iBsutf oyt » 71 0 0 i ) + Hec 9
i(Bu! f v, v, v y,u’ ) 33 72 e (ru’ f_wou’,) + Hae. 430
i(Bsuh, v, y;) 73 e (g u’ f_ow,u’ ) + Hee. 431
i(Bsu!h,* utv,p,) 34 74 e (g u, f_1°v,v,y°u’’s) + He. 218 432
i(Bs u"h”’lu V) 75 e (g u, f v, 0w ,u"s) + Hee. 219 433
i{(Bsu " u,v,y;) 76 e (g, f v, 0% ,u’ 5) + Hee. 220 434
i(Bsu! h*u,v,y,) 71 e (g, f_%v,v,p,u 5) + Hee. 435
i{(B3u! h** u’ v, v,v,p,) 78 e (g u, f—v,vpsu” ) + Hee. 436
i{(Bsu! R uP v, v,0,p,) 79 e (g’ f 0,0 ,u” 5) + Hee. 437
i(Bsu' " ulv v,lvpy/,,) 80 e (g, f v, 0w ,u” 5) + Hee. 438
i(Bsu'h, v, yptu’ ;) 35 81 e (g u,hy"u,y ) + Hee. 439
i(Bsu'h, viy,u® ) 36 82 e (i u, by ulv vy ,) + Hee. 221 440
i(Bs u"h”’lv WLl A) 37 83 e (g u,hy"wu” ) + Hee. 222 441
i (B v,y ) 38 84 e 1, oy, + He, 223 442
i(Bsu! W v,y ,u” ) 85 e (i, u’ hyyu” ) + Hee. 443
i(Bsu"h* v, v, v,y u’ ) 39 86 e (g u,hy v, v,9°u” 5) + Hee. 444
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P, SU(2) SU(3) P, SU(2) SU(3)
i(Bsu! h**v,0,v"y ju p> 40 87 e (g u,hy v, 00w ,u” 5) + Hee. 224 445
i{(Bsut W v, 0,0 y,u’ ) 88 e/’”/’(y'/ u,hvyvp,u’5) + He. 225 446
i(Bsutv,pu™ fT,,) 89 e (i u, h v, su’ ) + Hee. 226 447
i(Bsu' vy, uT’lfT ") 90 e (g u, h® v vsw,u’ ) + Hee. 448
i(Byutv'ytu®  fT ) 91 e (i, u”hyy v, 0% ,u” 5) + Hee. 449
i(Bsutvytu® , fT ) 92 s””“’(wﬂubha"‘vlvgv&v“wﬂu%) + H.c. 227 450
i(Bsutvytu® ) fT ) 93 e (i) (uu® f_,0) + Hee. 451
i) 04 40 (Y gt ) + Hic. 452
l<B ut'v” VI ) 95 eﬂblp<l/7yl//v><“luahpa> + H.c. 453
i(Bsutv, v”v’lw"u ST 96 e (v, 0% ,) (u,u’f_ 5y + Hee. 454
Bf P,y 97 9 (30,00 (1, f _po) + Hc. 455
iBsf i v,) 98 0,0 (s ) + He. 456
i(Bsf_ ””MAM LVW) 99 e (g, v,0°w ) (u,u’h,5) + H.c. 457
l( f ”Duﬂu Uﬂ/’u) 100 eﬂMﬂ <l/I”UD’U”l//5><H/1M hzr5> +H.ec. 458
i(Bsf "t wyvp,) 101 e (i, 0,0 (s hys) + Hee. 459
i(Bsf_"utulv,0,0,p,) 102 e (g, v,v°w°) (uush,,) + H.c. 460
l<B h’wu u ’U/ll//,,> 103 €”Mp<u u ><l//uf A/)l//ﬂ> +HC 461
i(Bs h"”ulu WU 104 e (u,u”) (W,f v, v,95) + Hee. 462
i(Bgl)”l// ><u uif /1> 105 eﬂl/l/)<u#u ><W1/f—l Up”&Wa) +H'C' 463
i(B3v y®) (uut f_p) 106 e (u,u®) (pr,h,°v,v,w5) + Hee. 464
l<B3 UMV/D><MAM//f—M> 107 €Mblp<u/1f—uﬂ><l/_/pugl//6> +H.c. 465
l<BS vﬂwy><uiul/f—;l/1> 108 €”UA/)<u;lf—y/1> <l/_/0upl//6> 466
Z<B3 UMWD> <u/1uif—/w> 109 EMM/}(u;tf—y/l) <l/7"u‘sv/,1)5y/,;) 467
B3ty (i ) HO el f ) o) + He. 468
i<B3Uﬂwy><uuuﬂhM> 111 €”D1/)<uuhu6><l/_/lupl//a> + H.c. 469
By () 12 9 (4, Y, 055) + Hc 470
i(Bsviy®) (utu,hy,y) 113 W*u,V'f_ w,;) + He. 228 471
i(Bsv'v* viy?) (u,u, f ;) 114 W'V, f - w,;) + Hee. 229 472
i(Byv*v¥ v l//f’><u uyhy,) 115 (" uN, f _ w,) + Hee. 230 473
i(Bsv*v¥ v )(u u,hy;) 116 W N f_aw,) + He. 231 474
i{u'u,) (Bsf_"v,p,) 117 (G uN ) + He. 232 475
VB f o) 118 5,9 0,0, + Hee. 233 476
i) (B f L o) 19 0 o000, + Hic 24 47
i(u'u)(Bsf v, v,0,w,) 120 (g ”V‘f Pv,0p,) + He. 235 478
iy By o) 121 TSP, + He. 236 479
i £ (B, ,) 122 VS P00, + H. 237 480
i(uf_0)(Bsutv,p,) 123 W uNA i v,v,w,) + He. 238 481
i, Y B o) 124 (4 )+ Hic. 230 a2
i€ (Bsu,N , f_,°v,u,) 41 125 (W*u, V' h*v,0,y,) + He. 240 483
i€ (Bsu,V, f_,°v,w,) 42 126 N hv,0,y,) + He. 241 484
ieﬂMp< u v f—po’v/ll///)> 43 127 <U7Muyv;thﬂpv/lvpl//v> + H.c. 242 485
ie”’”“’@gu Vef_v,0,050,) 44 128 W uN, hv,0,y,) + He. 243 486
i (B3u,V ,h*v 0,05y ,) 45 129 @ u*N*hov,00,0,w,) + Hee. 244 487
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Py SU(2) SU(3) P, SU(2) SU(3)
i (Byu, v,y;V° [T ;) 46 130 (@ u, VL) + He. 245 488
i (B3u, v,V , T ) 47 131 (g VAT 246 489
i€ (B5f _uf 370, We) 48 132 (@ uy?V, fT,) + He. 247 490
i€ (B5f _yuf 37 06W,) 49 133 (@ gV, hT,) + Hee. 248 491
ie"* (B3 f—,whz VpWs) 50 134 (@ u v, vy, VP T, ) 249 492
i€ (B5f _uh; v,y,) 51 135 (@ u v, vV, fT,) + Hee. 250 493
ie"* (B f h V;0,05,) 52 136 W o) 251 494
i€ (B f_uvy° f1,0) 53 137 W f ) 252 495
ie"*? (B 3f w VWL o) 54 138 W f ) 496
i€ (B5f v °h" ) 55 139 W f_ b0, 0,p,) 253 497
i€ (B3V,, f 0w, v,y ,) 56 140 WP v, 0,,) 254 498
i€ (B3N, f ., ugv,,) 57 141 W f AP0, 499
i€ (Bsh, 0,0 ) 58 142 (@ f . h ) + Hee. 255 500
ie"* (Bs hwvw/,) 59 143 (@ f P p;) + Hee. 256 501
i€ (B3h, " v,y h" ) 60 144 (@ f_ L) + Hee. 257 502
i€ (Byv,yr,) (0, V° [ _yp) 145 @y, L) 258 503
ie"* (Bs ,m)(u Vif —po) 146 (W f_ oy hT ) + Hee. 259 504
ie"* (B3v,y°) (u, Vllf—pu> 147 W f_ o v fT,,) + Hee. 260 505
i€ (B3v,y,) (f "B pe) 148 (" f 0,07, T, 261 506
le"””<st,4v v wy><uNaf_,,,s> 149 (@ h, by ) 262 507
i(B5sVFV, f_Pv,y,) 61 150 (" ) 263 508
" (B3 f 1y U1V, ) 62 151 (" ) 264 509
(B3 f Ut va,) 63 152 (@ h, w7 ,;) + He, 265 510
W (B5f 4t u,0,07,) 64 153 (" hyr b7 ) 266 511
M (B3 f U 0y, 65 154 (', ) (VA f ) 512
M (B3 f 1t Us V) 66 155 () (w, V' f_) + Hee. 513
M (B3 f 1 U0, 0,059 ) 67 156 "y (v, f ) + Hee. 514
W (B5f 4w v,pou’ ) 68 157 () ( Av Jh) + He. 515
(B f vy’ ) 69 158 (@) (f o Fua) 516
(B3 f L u® v ,u’ ) 70 159 () (f_, ) + Hee. 517
(B3 f 1wt v ou’ ) 71 160 (') (h**h,,;) 518
W (Bsf uuvgyu’ ) 72 161 (@) (b hy) 519
(B3 f 4t 0,050y, u" ) 73 162 (@ v vy, ) (u, VP f,) 520
e (Bsf v, uu’ ;) 163 AT ) 521
" (B f 1 vywu’ u’ ;) 74 164 (@0 vy ) (u,V, f_;,) + Hee. 522
P (B5f L opu’ qu’ ) 165 (v v (Y, f ) + Hee. 523
MM (B3 f 4 vy 0 puT ) 75 166 (@0 vhy, ) WV, hy,) 524
e (B5f v yu qul ) 167 (v v*w?) (u,V, h,,) + H.c. 525
" (B f 1 0,00y u” qu”s) 168 (v v*yw?) (u,V h,;,) + H.c. 526
(B3, f 1,210, ) 76 169 (@ v YOV (ff i) 527
e (Bsu, f 4,1 vop,) 77 170 (@0 0 vy, ) (1, V i) 528
" (B3, f 1, ;0,0 5) 78 171 iW*f 4, uuty;) + He. 267 529
" (B3, f 1+, 13050, 79 172 i f o utuyy;) + Hee. 268 530
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P, SUR)  SU®) P, SU(2) SU(3)
" (Byu, [+, U030, 80 173 iWhf oy wtuyy,) + Hee. 269 531
e (Bsu, [, ulv,0,05y,) 81 174 i f P u,uy;) + He. 270 532
e (B 3“/4f+uﬂfp'//6“T ) 82 175 it L uu”ﬂWﬂ) +H.ec. 533
W (Bsu, f 107w ,u" ) 83 176 iW* f P u,up,) + He. 271 534
" (Byu, f 1, vy u’ ) 177 i@ f o utu’ v, vy ,) + Hee. 272 535
e (Bsu, f 1, vpeu’ ) 178 i f 4 utuv,v,p,) + Hee. 273 536
e (Bsu, f 1, voypu” ) 179 it f vt vv,p,) + He. 274 537
€”Mp<_%”ﬂf+f”,ﬂ)a” wou's) 180 i@ f P uulv,v,y,) + Hee. 275 538
€’Mﬂ<l_3 u Uy f7V,Ws) 181 1<y/”f+”’1u wvv,p,) +He. 276 539
€”W<l_3§” u,f270sW,) 132 i f P uu,v,0,p) + He. 540
M (B3, u®f 40,0 5) 183 l<l/7”f+”’1u”u 11,11),,1//”> +H.c. 541
e (B3u, u® f 1, 05W,) 184 i f o uyptu”;) + Hee. 277 542
e (B3, uf 4 yg030,) 185 i f o by, u) + Hee. 278 543
" (Byu,u° f 1,20, 0,059, 136 i(p f+” wyu',) + Hee. 279 544
e (B3v,w, ) f 1yt ts) 187 i f ) + Hee., 280 545
(B3, ) (f 147 Uplhs) 188 it f+ Puyy,ul;) + He. 281 546
€”Mp< §yﬂl//u><f+iauou/)> 189 <l//ﬂf+ ul,yljuT,J + H.c. 547
e (B3o,y) (f attyits) 190 i o wtv,opPu” ) + He. 282 548
e (B3v, ) (f 1ualtoU,) 191 it f o utv,Pwu” ) + He, 283 549
€HM/)<B§1] Vv Wv)(f—%—i/)u u5> 192 l< f+” M ’Uﬂl) y,u T/,> + H.c. 284 550
e p<f+/4u“2><33’4 VW) 193 i(GpHf v u”v U"y/,lqu> + H.c. 285 551
W f it (B3u®vaw,) 194 it f P, 007w ,u” ) + He. 286 552
e (f 1 u®) (B3uyv,r,) 195 (@ f v, 0,y,u” ) + Hee. 287 553
e (f 1 u®) (B5uyv,y,) 196 i@t f P ulv,opu’,) + He. 554
e (f L uu®) (Bsugv,,) 197 i f " l//,,u“uT,l) 555
6”””<f+,wu ) (B5u®v,0,v5,) 198 i@ i) + He. 288 556
(Bsf [t vys) 84 199 i f o, yﬂuﬂuT )+ H.c. 557
(Bsf ™ f - o) 85 200 i f Py u ul ) 289 558
(Bsf #“h/ o,yy) 86 201 i f Lo, 0w uT u” ) + Hee. 290 559
(Bsf*h vy,) 87 202 i f o v, v u” u;) + He. 560
(Bsf {# P v,0,0,,) 88 203 (i f o v vy, ul ) 561
(Bsf " o0 fT,,) 89 204 it f o, oPw,u”u” ) + He. 291 562
(Bsf 'y fT,) 90 205 i, f P uy;) + Hee. 292 563
(Bsf v, wth" ) 91 206 i f 4 uw) 293 564
(BsV*f it v,p) 92 207 i u f o uy,) + He. 294 565
(B5Vif vy, 93 208 g f o ) 295 566
(B5V*f P u,v,y) 94 209 (P, f "l v,0,,) + Hee. 296 567
(BsVEf L o ptu’y) 95 210 U f o v, 0,0,) 297 568
(B5Vrf totyu®y) 96 211 i o uv,,p,) + Hee. 298 569
(B5V¢f Poy,u”;) 97 212 i o urvyo,p,) + Hee 299 570
(B5ul'V, f o) 98 213 i@y, ) (f ) 571
(B5ut'V* f o o) 29 214 i@y ) (f it uy) 300 572
(Bsu! VY f 1 o) 100 215 i@y ) (f 1, u,u;) + He. 301 573
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(B5uV¥f o) 101 216 i) (f 1, uzu,) + He. 574
(B5ut'N* L Pv,0,0,) 102 217 i v vy, ) (f 4P ugu,) + Hee, 575
(Bsf-* [ vwy) 103 218 i o vy ) (f ) + Hee, 302 576
(Bsff o o) 104 219 i@ 0 ) (f 4 ;) + Hee. 577
(Bsh* fﬂ ) 105 220 {0 W) (f 4ty 1) 303 578
(B3v*w*)(f " f-02) 106 221 i(f #u,) (pr,uty;) + He. 579
(B; "l/f W f ) 107 222 i(f ) () + Hee. 580
(B: v“w W Mo 108 223 i(f ) () 581
(B5v"y)(f 4 hyia) 224 i(f 2 ut) (g ufv,vp,) + Hee. 582
(Bj ”l// NV f o uy) 109 225 i(f o ut) (g, ufv,v,p,) + Hee. 583
(Bso'y* ) (VA f ) 110 226 i(f #ut) (gl vyop,) 584
(Bsv'w* ) (VA auy) 111 227 i€, f 1 oaf -, Ws) + Hee. 304 585
(B3v* 0" o'y ) (f 1phz) 228 i€ (@, f 1, fipWo) + Hee. 305 586
e (BsV, VO ov,)) 112 229 i (i, oy fosawr,) + Hec. 306 587
(VN L) (Bsvaw,) 113 i (o f i f -0, 0,w5) + Hee. 307 588
i€ (B f 1y f +270,W5) 114 230 i (5, f 1 f 20, 0504) + H.e. 308 589
i€ (B3 f 1 f 1+ 06W,) 115 231 im0 (7, f 7 f v, 00,) + Hee. 309 590
i€ (B5f 1 0,0 % ) 116 232 i€ (5, f b,y ) + Hee. 310 591
i€ (B3 f 1y 0"Wof Y o) 117 233 i (5, f +, hoowr,) + Hee. 311 592
ls”Mp<f+ D (B3f 00,0 ,) 118 i (. f 1, h% 0,0, 5) + Hec. 312 593
i€ (f 1) (B3 f 117 06W,) 119 i (5, f +,ah™v,v5,) + He. 313 594
i€ (Bsu,u,y  v3y,) 120 234 i (7, f 1, hiP 0, 05y,) + Hee. 314 595
i€ (Bsu,u,v,y,5" ) 121 235 i€ (1, f 1, he v, 05y,) + Hec. 315 596
i€ (B3, u,0,9,) 122 236 i (G, f o L) + Hee. 316 597
i€e" (Bsu, . v,y u”,) 123 237 i (1, fawhT y) + Hee. 317 598
i (Bsu, v,y u’ 1) 124 238 i€ ([, f 10,0 fT ) + Hec. 318 599
i€ (Bsy  u,u,0,y,) 239 e (g, N, f . up,) + He. 319 600
i€ (Byv,yr, ) (uyu,x 1) 240 i (5, N, f 1 "ugw,) + Hee. 320 601
i€ (u,x ;) (Bsu,v,,) 241 i (G, N f gz, + Hee. 321 602
i€ (y ) (Bsu,u,v,,) 242 e (g, V, f ,7u’v,vsw,) + Hee. 322 603
i€ (y ) (Bsu,v,yu” ) 243 e (Vo f L ou’vvsy,) + Hee. 323 604
i(Bsu'Vy v, 125 244 i (5, f 2o u ) 324 605
i(Bsu' Ny v,) 126 245 i€ (§r, N, f 1 Cwou” ) + Hee. 325 606
i(Byu' v,V ") 127 246 ey, N, f 0,0 ,u’ 5) + Hee. 326 607
i(Bsf My v,) 128 247 i€ (5,w,) (f 117 f —po) 327 608
i(Bsf - vpxl) 129 248 i€ (5w, ) (f 1P g) 328 609
i(Bsy i f *vp,) 130 249 i€ (w1, ) (Vo f 4,7t ) 329 610
i(Byy W v,,) 131 250 i€ (r,w,) (VO gl 330 611
i(BsVFy ub vy, 132 251 i€ (1, 0, 0w ) (f 1y —os) 331 612
i(Bsv"y ) (u, Vo) 133 252 i€ (i, 0,093 )(f 4, hos) 613
i(Bsv'y) (u,V 1) 253 i€ (5, 0, 0°w°) (f 1,h0s) + H.c. 614
i(Bso"y ) (f i +) 134 254 i€ (i, 0,0°9,) (VO f st y) 332 615
i{r ) (Bsf o) 255 iV, V) + Hee 333 616
i(Viy ) (Bsutv,p,) 256 (VA ) () 334
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B i vw) 135 257 W f o f i 02) 335 617
(B f WXt 136 258 @ f ) 336 618
e <B +f+/wvlll//p> 137 259 <‘/_/”f+w1f+uﬂ///4> 337 619
e (Byv,w, ) (f yapx+) 138 260 B f ot f v, 0,,) 338 620
P (f ) (Bsx rvay,) 139 W f P 0,0,0,) 339 621
P (f ) ) (Bsvaw,) 140 W f o0, 340 622
e (3 Y (Bsf uviw,) 261 @ f o wt fT ) + Hee 341 623
(Bsu'u'y v, 141 262 @y, fT ) 342 624
(Bsutu“y_v,yp,) 142 263 W f ooy 1) + He. 343 625
(Byu'u v,y ,pl) 143 264 W f o, 00w, 7)) 344 626
(Bsu'uv,y,xl) 265 @) (7 f ) 345 627
(Bsuy-uvp,) 144 266 @) i f o) 346 628
(B; ”M)(—”D”v‘/’ﬂ> 145 267 (" ”U”A‘//u><f+upf+ip> 347 629
(Bsut'y_v,ptu”,) 146 268 TN 1 p) 348 630
(Bsuty_vty,u”,) 147 269 (f+")(@uf v w2) + Hee. 349
(Bsutv,yu” 2 T) 148 270 (F#Y (r, f v, 0,p,) + Hee. 350

(Bsut vy, u” ") 271 (@ u,u’y w,) +He. 351 631
(Bsy_utu*v,y,) 272 (P Uy w,) + Hee. 352 632
(Bsy_u'uv,p,) 273 (Futuy w,) + He. 353 633
(Bsvw*) (uux ) 274 (pruruty v, vp,) + He. 354 634
(B3vy*) (uyu,x ) 275 (W u,uw,x ) 355 635
(') (Bay-v,p,) 276 (o ut w2t 636
(uty_)(Bsu"v,p,) 277 (y'l“u”u,,y/”;(i) 637
(u'y_)(Bsu*v,y,) 278 (pHur vt v, i) 638
(r-)(Bsuu*v,p,) 279 (W uy by, 356 639
(x-)(Bsuu*v,y,) 280 (W u’ y uy,) 357 640
(- )(Bsu'v,yptu",) 281 Wy u ) 358 641
e (B5u, Vv, 149 282 (P uty it v, v,) 359 642
e (Bsu, v,V 2 T) 150 283 (F*uy w*u”,) + Hee. 360 643
e (Bs [y -vw,) 151 284 (Wu'y w,u’,) +He. 361 644
e (B3 f_ 0w ,xT) 152 285 W'uy w,ul,) + He. 362 645
e (Bsy_f_uv,w,) 153 286 (W uty v, v*w,u”;) + He. 363 646
e (B3V y_u,vy,) 154 287 () (W ) 364 647
" (B3v,p,) (u;V ) 155 288 () ) 365 648
e (By vy, ) (f o -) 156 289 (@) () 649
e () (B3 f wvaw,) 290 W v* vhy,) (u,uy 4 ) 366 650
(N, _) (Bsu,v,y,) 291 (', ) 5y w,) 651
i(Bsf " x-vuw,) 157 292 (') (g w) 652
i(Bsf " vw.xT) 158 293 (') (' v, 0,9) 653
i(Byy_f " vp,) 159 294 (u'y.) () + Hee. 654
B3y ) (f 1y -) 160 295 (W ) uap,) 655
i(f ) (Byx-vuw,) 161 (g )@ utv, 0, 656
i(f ) (=) (B3v,p,) 162 ) (Wt w,utyr,) 657
¢ (D°D,Fy,,)(Bsvy,) + P.C.H. 163 ) uy,) 658
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) Bt o) 296 e, 659
(W w,u uy ity 164 297 () uutv,vp,) 660
(*u,uwu,y;) + Hee. 165 298 () (@ upru” ) + He. 661
(PP i) + Hc. 299 (e, 662
(W u w,utuy,) 166 300 () (@ ub v, vty ul ;) 663
(W u’u,utuyy,) + Hee. 167 301 e (g, u, NV, x w,) + Hee. 367 664
W u,utuyy,) 168 302 e (g, u, Ny v,0,p,) + Hee. 368 665
(W u utuu ;) 303 e (g, f _xvw,) + Hae. 369 666
(" u’utu,uyy,) + Hee. 304 WV, V' w,) +Hec. 370 667
W utu,uy,) 169 305 NV V) 371 668
(Wt u ut uyu,p,) 306 (VEV ) (0 w) 372 669
(" u* u uﬂu,,t//l) 307 (VI y ) () + Hee. 373 670
(o u, u” u AuP v VOV ,) 170 308 i o x+w,) +He. 374 671
(W u it ul v, v,p,) + 171 309 i o v 375 672
(W uu u'w vv,p,) + 310 i) (ol 1) 376 673
v, ) o an i ) ) 377

(W uw it uvyv,p,) + Hee. 173 312 i(f ) ) (W) 378

(u* w,uu’v,v,y,) + H.e. 174 313 i)W o w) 674
W utu,ulvyv,p,) + Hee. 314 W yiw,) 379 675
(1// “utu, v, v,y 315 Wy wuat) 380 676
W utu,u’vyv,p,) + Hee. 175 316 w,) ) 381 677
(W'u uzu”vawﬁ 317 ) W w) 678
(Hu ' ulu WVAU W) 318 O ) ) (0w 679
W ut P u,v,0,p,) 319 i€ (G, u,ux_w,) + H.e. 382 630
W u i u uv,vy0,0,p,) 176 320 e (r,u,uy _v,v,y,) + H.e. 681
(w”uﬂu uptu A) +H.c. 177 321 i (i u,uzp 0 ") 383 682
(*u,uuty,u”;) + He. 178 322 1M () 384 683
W u,uutyyu’ ) 179 323 i (g u,y wu’ ) + Hee. 385 684
W u w,uytu”;) + Hee. 324 i (g u,y_vyv°w,u’ ) + Hee. 386 685
W uu,uty,u”;) + He. 325 i€ () (ugu ) 686
W uu,u,p*u’ ;) + Hee. 326 i€ () (@, u,y,) 687
(W uu,uty,u”;) + Hee. 180 327 i u, Vi _w,) + Hec. 387 688
(W u’utu LWl u’,) 328 iy u'V,y_w,) +H.c. 388 689
raran y/MuT ) 181 329 i u’V, y_w,) +H.c. 389 690
(Wt w, u” u Ay vly/”ur» +H.c. 182 330 i<y_/"u"V’1)(_1)bv/ll//”> + H.c. 390 691
W u,uut v, v0Pyul ) 183 331 i@ u,w*V,xr) + Hee. 391 692
W u,u vt vy, u’” ) + Hee. 184 332 i uy, V xt) 392 693
W uwtv,vy”u” ) + Hee. 333 i f_x-w,) +H.c. 393 694
W u,utv)"w,u’ ) + Hee. 334 i(pth, y_w,) +H.c. 394 695
W u,utv, vy ,u’ ) + Hee. 185 335 i@ b,y xt) 395 696
(1// “utu,v,0”u”,) + Hee. 336 ipty,) (W', -) 396 697
(1// fu, 0,07y, u’ ) 337 ity ) (u,V,x_) + He. 397 698
WHu utu, v 0"y ul ) 186 338 i) (M -) 398 699
W utu v, op,u’,) + He. 187 339 i v vhy,) (u, Vo) 700
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P, SU(2) SU(3) P, SU(2) SU(3)
W utul v, vy ,u’ ) 340 iQr_) (Wb, yy) 701
(W u'uu v, 00,07y u’ ) 188 341 i(Viy ) (wuty,) +Hee. 702
Gyl 342 (V) ) 703
(W u,u witul u’,) + Hee. 189 343 et W f cox-w,) +He. 399 704
WHu,u'y*u” u”,) + He. 344 e f vt 400 705
(@ wypr,u™u’ ) 345 ) (fapk =) 401 706
(Pl ) + H. 346 () By 402

Wy, u™ul ;) 347 M (f ) W) v, 403

(it ) 190 348 0 VB vy 707
syl ) 349 ) a4 708
W u,u” v,y u” u” ) + 191 350 Wy —wuxt) 405 709
W u v, vty u u”) + 351 o) Wty _wr,) 406 710
(@ w,u vt oy, u ju ) 352 o) =) @y 711
W u v, 0" u" u” ) + He. 353 (W*w, ) (FL"Fp,;) +P. 407 712
W u w, v oy u” ) 354 (v vy, ) (FL, Fpy,) + P. 408 713
W uu, v vy ) 355 (Fp" ) (F ) (W) + P 409

W utv, vy, u’,) + He. 192 356 (FL ) (FLh) (@ v,op,) +P. 410

(uutv, vy, u” u’;) + He. 357 ) ') 411 714
Wt uutv, 000 vyl u ) 358 (p* det yy,) + H.c. 412
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