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The baryon axial vector current is computed in heavy baryon chiral perturbation theory in the large-N,.
limit, where N, is the number of color charges. One-loop nonanalytic corrections of the order m,, In m, are
comprised in the analysis, with contributions of both intermediate octet and decuplet baryon states, to all
orders in the 1/N, expansion of the axial vector current relevant for N. = 3. Theoretical expressions are
obtained in the limit of vanishing decuplet-octet mass difference only, which allows one to carry out a full
comparison with conventional heavy baryon chiral perturbation theory results for three flavors of light
quarks and at the physical value N. = 3. Both approaches perfectly agree to all orders considered.
Furthermore, a numerical analysis via a least-squares fit is performed in order to extract the values of the
free parameters of the theory, using the experimental data available. The predictions of formalism are in

good agreement with the experimental data.
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I. INTRODUCTION

The formulation of baryon chiral perturbation theory
using an effective Lagrangian for broken SU(3), x
SU(3)g chiral symmetry, in which baryons are assumed
to be heavy static fermions, was introduced by Jenkins and
Manohar three decades ago [1,2]. The formulation, usually
referred to as heavy baryon chiral perturbation theory
(HBCPT), is a nonrelativistic effective theory that has been
proven useful in studying meson-baryon interactions at low
energies. The success of this effective theory stems from
the fact that it possesses a consistent expansion in powers of
momentum and light quark masses because the baryon
mass does not appear in the effective Lagrangian.

The analysis of the baryon axial vector current was one
of the earliest applications of HBCPT [1,2], from which
two major conclusions were reached: (1) the axial coupling
ratios were found to be close to their SU(6) values with
F/D ~2/3, which is the prediction of the nonrelativistic
quark model. (2) One-loop corrections became large when
only spin-1/2 octet baryon intermediate states were Kept,
whereas corrections with the inclusion of both spin-1/2
octet and spin-3/2 decuplet baryon intermediate states
yielded sizable cancellations between them.
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The baryon axial vector current has been tackled in the
context of different formalisms. A representative set of
them comprise lattice QCD [3-8], (heavy) baryon chiral
perturbation theory [9-13], and the 1/N_. expansion of
QCD, where N, is the number of color charges [14—17].
Large-N. QCD is the generalization of QCD from N. =3
to N. > 3. In the large-N . limit, the baryon sector exhibits
an exact SU(2N ;) contracted spin-flavor symmetry, where
Ny is the number of light quark flavors. The spin-flavor
symmetry becomes a useful tool to classify large-N,
baryon states and matrix elements and to compute static
properties of large-N . baryons in a systematic expansion in
1/N,. [15,16].

The joint use of chiral perturbation theory and the 1/N,
expansion is another powerful method to study the low-
energy consequences of QCD. The resultant formalism,
which will be loosely referred to as the combined formal-
ism henceforth, builds on the chiral Lagrangian in the 1/N,
expansion constructed in Ref. [18]. Succinctly, the com-
bined formalism describes the interactions between the
spin-1/2 baryon octet and the spin-3/2 baryon decuplet
with the pseudoscalar Goldstone boson octet enlarged to
include the 7’ to conform a meson nonet. Early analyses of
baryon properties based on the chiral Lagrangian of
Ref. [18] include mass [18] to further continue with axial
vector current [19-21], magnetic moment [22,23], vector
current [24], charge radius [25], and more recently s-wave
amplitude in nonleptonic decay [26]. All these analyses
share a common feature: large cancellations occur between
one-loop graphs provided that all baryon states in a
complete multiplet of the large-N,. SU(6) spin-flavor
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symmetry are included in the sum over intermediate states
and that the axial coupling ratios predicted by this spin-
flavor symmetry are used [15,19,20].

For the specific case of the baryon axial vector current,
the structure of large-N, cancellations was qualitatively
discussed in detail in Ref. [19]. However, it was not until
the analyses of Refs. [20,21] that some calculations were
presented, exhibiting explicitly those cancellations.
Working to a certain order in the 1/N, expansion, the
complicated expressions of commutators and/or anticom-
mutators of the SU(6) spin-flavor operators contained in
the one-loop contributions were computed, first under the
assumption of degenerate intermediate baryon states in the
loops [20], and next introducing the decuplet-octet mass
difference, hereafter represented by A = M — Mp [18]. In
the large-N,. limit, A o 1/N., so the degeneracy limit
assumed in Ref. [20] represents a good first approximation
to the problem and its application is legitimate. Although
the order in 1/N, considered in these previous works was
rather limited, the method paved the way toward a better
understanding of baryon properties in terms of a systematic
and controlled expansion.

The present work constitutes an attempt to outdo the
analyses of Refs. [20,21] in some aspects. This time, one-
loop corrections will be evaluated, for degenerate baryon
intermediate states, at all orders allowed in the expression
for the axial vector current relevant for N, =3.
Algebraically, this task is extremely difficult due to the
considerable amount of group theory involved; never-
theless it is doable. After completing this task, it will be
possible to compare the resultant theoretical expressions
with the ones obtained within conventional HBCPT (i.e.,
the effective theory with no 1/N, expansion) to advance in
the enterprise outlined through a series of papers a few
years ago: to verify whether the combined formalism and
conventional HBCPT yield the same results at the physical
value N, =3. Up to now, the agreement has been a
successful one for mass [18], vector current [24], and s-
wave amplitude in nonleptonic decays [26]. For other static
properties listed above, only partial results have been
obtained; it is expected however to complete the compar-
isons in the near future.

This paper is organized as follows. In Sec. II some
necessary material on large-N,. chiral perturbation theory is
reviewed in order to introduce notation and conventions. In
Sec. III one-loop graphs that renormalize the baryon axial
vector current are reanalyzed under the premises discussed
above. Results are classified in terms of the different SU(3)
flavor representations. In Sec. IV the same loop graphs are
evaluated within HBCPT; results are arranged in a close
parallelism with the ones obtained in the previous section.
At this stage, using the linear relations between the operator
coefficients of the 1/N, expansion of the axial vector
current and the four conventional SU(3) axial vector
couplings D, F, C, and H [18], theoretical expressions

of the two approaches are compared in Sec. V. There is a
remarkable agreement order by order between both
approaches. The full expression for the renormalized axial
vector current is provided in Sec. VI; following Ref. [21],
effects related to SU(3) flavor symmetry breaking are
included as follows: on the one hand, at tree level, all
relevant operators which explicitly break SU(3) at leading
order are accounted for; this introduces four additional free
parameters. On the other hand, in the one-loop corrections,
SU(3) symmetry breaking is accounted for implicitly, since
the loop integrals depend on the meson masses. The
analysis can be extended to attempt a determination of
the operator coefficients (or equivalently the axial vector
couplings) by performing a comparison with the available
experimental data about the semileptonic decays of octet
baryons and the strong decays of the decuplet baryons [27]
through a least-squares fit. Results are presented in
Sec. VII. To close this paper, conclusions are presented
in Sec. VIII. All the supplementary material necessary to
fully construct the main results of the paper are given in
various appendices. Concretely, reductions of operators for
flavor singlet, flavor 8, and flavor 27 representations can be
found in Appendices A—C, respectively. The operator bases
used, along with their matrix elements are listed in
Appendix D.

II. A SURVEY OF LARGE-N, CHIRAL
PERTURBATION THEORY

This paper builds upon the previous work on large-N,
chiral perturbation theory presented in Ref. [18] to extend
the analysis of the renormalization of the baryon axial
vector current dealt with in Refs. [20,21]. In this section the
basic elements of the formalism will be summarized; in
passing, the notation and conventions used here will be
introduced.

The chiral Lagrangian for baryons in the 1/N_. expan-
sion, which incorporates nonet symmetry and the con-
tracted spin-flavor symmetry for baryons in the large-N,
limit, can be expressed as [18]

'Cbaryon = iDO - Mhyperfine + Tr(Ale)AkC

1 L2
+N—CTr<A %>A T (1)

where
DY =91 + Tr(VOAC)TC. (2)

The ellipses in Eq. (1) represents higher partial wave meson
couplings which are present at subleading orders in the
1/N,. expansions for N. > 3. Due to the fact that these
higher partial waves vanish in the large-N . limit, the meson
coupling to baryons is purely p wave.
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Meson fields appear in the Lagrangian (1) through the
relations

= (£0°¢" +£70%),
(é’V"é F—£ivke),
xp[ill(x)/f], (3)

('D I\)IN NI»—

£(x)

where I1(x) stands for the nonet of Goldstone boson fields
and f =~ 93 MeV is the pion decay constant.

Each summand in the Lagrangian (1) is made up by a
baryon operator. Specifically, the baryon kinetic energy
term involves the spin-flavor identity, Myypersine TEPrEsents
the hyperfine baryon mass operator which accounts for the
spin splittings of the tower of baryon states with spins
1/2,...,N./2 in the flavor representations. On the other
hand, A¥ and A stand for the flavor singlet and flavor octet
baryon axial vector currents, respectively.

All these baryon operators are written as polynomials in
the SU(6) spin-flavor generators [16]

o* /1 ok e
Jk:q*gq, c=4 4 Gk =4t 554 (4)

where ¢' and g are SU(6) operators that create and
annihilate states in the fundamental representation of
SU(6), and 6% and A are the Pauli spin and Gell-Mann
flavor matrices, respectively. The spin-flavor generators
satisfy the commutation relations displayed in Table I.

Explicitly, the 1/N, expansion of the baryon mass
operator M is written as [16]

N.—1
M =myN,1+ Z m,

n=24

Nn IJ ’ (5)

where m, are unknown coefficients. The first term on the
right-hand side is the overall spin-independent mass of the
baryon multiplet and is removed from the chiral Lagrangian
by the heavy baryon field redefinition [1,2]. The other
terms are spin dependent and make up Myyperfine. For
N, = 3 the hyperfine mass expansion reduces to a single
operator

TABLE I. SU(2N,) commutation relations.

7,79 = 0,
', 0] = el J¥, [T, T%) = i f**Te,
[Ji, Gja] — l'eijkaa’ [Ta’ Gib} — l'fuchic,
[Gia’ Gjb] — j‘l;&jfabCTC +ﬁ5ab€ijk‘]k + %eijkdachkc.

my

N—cﬂ. (6)

M hyperfine —

In a similar fashion, A* is a spin-1 object, odd under time
reversal, and a singlet under SU(3). Its 1/N, expansion is
given by [16]

N,
C 1
Ak = Z "N — Dk, (7)
n=13
where D = J* and D, ={J2. D5, ,} for m>1; e,

are unknown coefﬁc1ents which have expansions in powers
of 1/N, and are order unity at leading order in the 1/N.,
expansion. At the physical value N, = 3, A* reduces to

1
Ak:€1Jk+€3m{Jz,Jk}. (8)

Similarly, A¥¢ is also a spin-1 object and odd under time
reversal, but an octet under SU(3). Its 1/N, expansion
reads [16]

N,

1 1
Ak = a,G* + Z by—— D’,‘lc + Z Cpnry
n=273 N n=3,5 NC

O, (9)

where the unknown coefficients a;, b,, and c, share the
same characteristics in the large-N,. limit with e, discussed
above. Up to 3-body operators, one has

Dhe = JkT°, (10)

Dy ={J*{J7. G}, (11)

1
03 ={J2.G"} =S {IE AT G}, (12)

while higher order operators are obtained recursively as
Dke = {J2, Dk, } and Ok = {J?, 0%} for n > 4. Dk
[OFk] are diagonal (purely off-diagonal) operators with
nonzero matrix elements only between states with equal
(different) spin. At the physical value N. = 3 the series (9)
can be truncated as

1 .
A —ale‘-i—bz ch+b3—ch+c3m(’)'3“. (13)

N, N2

i.e., the 1/N, expansion of A* extends up to 3-body
operators.

The matrix elements of the space components of Ak¢
between SU(6) symmetric baryon states yield the values of
the axial vector couplings in the SU(3) symmetry limit. The
axial vector couplings are denoted by g; and g for octet and
decuplet baryons, respectively. Going beyond the sym-
metry limit requires the inclusion of explicit SU(3) flavor

094032-3



FLORES-MENDIETA, GARCIA, and HERNANDEZ

PHYS. REV. D 103, 094032 (2021)

symmetry breaking. These effects will be accounted for in
the framework of heavy baryon chiral perturbation theory
in the large-N, limit. This is presented in the following
sections.

III. RENORMALIZATION OF THE BARYON
AXTAL VECTOR CURRENT

The 1/N. baryon chiral Lagrangian displayed in Eq. (1)
has been applied to the calculation of nonanalytic meson-
loop corrections to various static properties of baryons:
mass splittings [18], axial vector current [19-21], vector
current [24], charge radii [25], s-wave decay amplitudes in
nonleptonic decays [26], to name but a few. In all those
analyses, theoretical expressions are in very good agree-
ment with both the expectations from the 1/N_. expansion
and the experimental data.

The aim of this paper is to retrace the issue of the
renormalization of the baryon axial vector current within
the combined formalism in 1/N. and chiral corrections,
partially evaluated in Refs. [20,21]; therefore, several
useful expressions already presented in those works will
be freely borrowed here to introduce the guidelines of the
calculation.

The one-loop diagrams that enter the analysis are
depicted in Fig. 1. These loop graphs have a calculable
dependence on the ratio A/m, where m denotes the meson
mass and A represents the decuplet-octet mass difference.
The conditions m << A, and A < A, should be met in
order for the theory to be valid, where A;( ~ 1 GeV is the
scale of chiral symmetry breaking; the ratio A/m, on the
other hand, can take any value. In the large-N, limit, g; «
N. and f /N, [16,19]; the meson-baryon vertex is
proportional to g,/ f, so it is of order O(y/N,). The meson
and baryon propagators are independent of N. and so are
the loop integrals because in the MS scheme they are given
by the pole structure of the propagators [19].

The contribution from Figs. 1(a)-1(c) to the renormal-
ization of A*¢ can be written as [19-21]

dAtg =3 A%, A AT, =3 (A, 4%, (M. A g

1 . ib ke
+6<[AJ M, M, AP Ak

. (14

1 . .
- S M AL M. A4

b
Here H?n)

flavor singlet, flavor 8, and flavor 27 representations as [18]

is a symmetric tensor which decomposes into

H?}f) — F( )5ab + F dabS

Fé’;) 598508 § b8 888 | |

1
— =5 — 15
g (15)

where

n 1
Fy) = S BF (g, 0.0) 4 4F ) (mg. 0. p0)

+FO (. 0,40 (16a)

2V3[3
5

1
— _F(n) (mr[’ 0’ Iu):| s

F(Sn) (n) (ml(’ Ov Iu)

[ZF (1m0, 1) =

(16b)

[\

y_|1 4
Fi) =S F (g, 040) =2 F) (i, 0.40) + F) (. 0.p)

(16¢)

depend linearly on the functions

(a) (b) ©
\\\ 8 //
(d)

One-loop corrections to the baryon axial vector current. A crossed circle represents an insertion of an axial vector current.
Dashed lines and solid lines denote mesons and baryons, respectively.
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F) (m, A, u) =

O"F(m, A, )

which represent loop integrals with the full dependence on the ratio A/m and p is the scale parameter of dimensional
regularization. The explicit form of the function F(m, A, u) is [24]'

3 3 28 7
2472 f2F (m, A, y) = —A [A2 -2 m2]/1€ A [A2 - —mﬂ In" =2 A3 4 - Am?
2 2 w3 2
2(m? — A?)3/2 [g — tan~! [ mlA—MH , Al <m
* 2 213/2 |1 | A=VAZZm? (18)
—(A? = m?)Y Mm” A| > m.
The nth derivatives of F(m, A, u) are readily obtained from Eq. (18).
|
The renormalization of the axial vector current has 1 1 1
already been performed within the combined formalism F= 34 + Ebz + §b3’ (19b)
up to a certain approximation. In Ref. [20], corrections up
to the relative order O(1/N?) were included, assuming C = —a 1c3 (19¢)
degenerate intermediate baryons in the loops. In Ref. [21], 2
the analysis was performed on the same footing as the 3 3 5
one before, but this time the degeneracy assumption was H = —5di - Ebz - Eb3. (19d)

lifted.

The aim of this paper is to evaluate the complete
contribution 5A’f2, (14), to all relative orders in 1/N, in
view of the 1/N,. expansion of A*“. Due to the considerable
amount of group theory involved, only the degeneracy limit
A/m — 0 will be considered in an initial stage of the
calculation. The reason for doing this is twofold. First,
the full analysis will allow one to verify once and for all the
agreement between the corrections to the baryon axial
vector current computed within the combined formalism
and those computed within conventional HBCPT (i.e., the
effective theory with no 1/N_. expansion) of Refs. [1,2].
Similar comparisons have been successfully carried out for
baryon vector currents [24] and s-wave decay amplitudes of
baryon nonleptonic decays [26]. Second, with the available
experimental information [27], a detailed numerical analy-
sis can be performed to extract somewhat more reliable
values of the free parameters of the theory, namely, the
operator coefficients a;, b,, b3, and c; introduced in
Eq. (13) than those that could have been obtained otherwise
[20,21]. These operator coefficients are related to the four
conventional SU(3) baryon axial couplings D, F, C, and H
introduced in HBCPT [1,2], at N. = 3, by

11
D=—a, +_b.

3 5 (19a)

"The function F (m, A, ) was first presented in Ref. [18];
however, it contained a wrong sign in one of its terms, which was
fixed in Ref. [24]. The correct expression is provided here for the
sake of completeness.

The only term from 5A’f2 Eq. (14) to be considered here is

(1)° (20)

%[Aia’ [Aib,AkCHHa
which has been partially analyzed in Ref. [20] so it can
serve as a reference point. In order to obtain a better idea
about the magnitude of the forthcoming calculation, the
1/N,. power-counting scheme introduced in previous
works [19,20] can come in handy. This counting scheme
indicates that, for baryons with spins of order one,

T ~N,, G“~N,, Ji~1, (21)
which is equivalent to claim that factors of J//N, are 1/N,
suppressed relative to factors of 7¢/N, and G'*/N .. This
counting scheme is thus suitable for the lowest-lying
baryon states, namely, spin-1/2 octet and spin-3/2 decuplet
baryon states, which together constitute the 56 dimensional
representation of SU(6).

From relation (21) it follows that A* is order O(N,). A
simplistic counting suggests that the double commutator in
(20) would be of order O(N?). Previous work, however, has
found that there are large-N, cancellations between the
loop graphs of Figs. 1(a)-1(c), provided the sum over all
baryon states in a complete multiplet of the large-N. SU(6)
spin-flavor symmetry—i.e., over both the octet and dec-
uplet baryon states—is performed and the axial coupling
ratios given by the large-N, spin-flavor symmetry are used
[15,19,20]. Accordingly, this double commutator should be
of order O(N,.) in such a way that the overall contribution
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(20) would be of order O(1/N,) times the tree-level value,
considering that f is of order O(y/N.). The explicit
computation presented in Ref. [20] shows that this is
indeed the case, at least up to the terms retained in that
analysis.

The aim is now to include all relative terms in 1/N,
contained in expression (20) up to the highest order terms
so double commutators containing three 3-body operators
need be considered; an example of this kind of operators is
[0k, [OF Ok]]. Each operator O comes along with an
explicit suppression factor of 1/N2; the resultant double
commutator should contain up to 7-body operators so that
the overall contribution of this structure is again of order
O(N.), which is consistent with expectations. Explicit
calculations up to this order will be presented here.

Following Ref. [21], the calculation can be organized by
considering separately the three SU(3) flavor representa-

tions contained in the tensor structure H‘(If) in Eq. (20),

namely,

SALS = SASC + SAK + SALS, (22)
where the subscript rep attached to each 5A’r‘§p term
indicates the flavor representation it comes from.

|

The mathematical reduction of the operators contained in
5A’,Sgp requires a rather involved, long but otherwise
standard calculation. Although the resulting expressions
are rather lengthy and not particularly illuminating, they are
nevertheless listed in Appendices A—C for all three flavor
representations of interest here.

Therefore, the different 5A’;gp operators can be cast into

10
Ak = " s;Ske, (23)
i=1
51
SAK =Y 0,05, (24)
i=1
and
165
SAks = Zt Tk, (25)

Each term in 5A’;§P is given as the product of a coefficient
times an operator in a basis which belongs to the flavor
representation rep. For the singlet case, for instance, the s;
coefficients, at the physical values Ny = N. = 3, read

5= Bia? —%azbz ?—Zazb3 ia%c3 —Za1b§—§a1b2b3 —%albg—%alcg] F;l), (26)
Sy = [%a%bz—a%l%—éa%q +ga1b% §4a1b2b3 : a1b2€3+316b2 +§a1b§—§a1b3c3—1lmb2c§ 8117353] (l>’
(27)
53 = BZ 2b3+;a C3+;1 a1b§+;7a1b2b3 lalbzc3 +§—ia1b§—i—zalb3c3 712a1c3 36192193 2719219%

S4 = [574 ibs + ;?Za c3+ llzalb% + ;(7)a1b2b3 227a1b263 + %albg — %a1b3c3 - %alcg 3% —blcs — 77 b2b3c3
R ILLRET c%} e (29)

55 = [11612a,b2b3 + ;za,bzq + 1(5)8b 2= g4 a b3 — 257a1b;cg 36a1c§ + 881 b3bs +42896 byb3 + 62498 byc3 —I—%bg
L (30)
%6 = [31214alb * 213? arbscs + 1(1)8‘”0* 31214 bbs + 2{473 babs = 324 bzc* + 73219b 245L3 b\ RG]
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13 49 10 125 43 |
1= |86 103t ggg @baes H g G e b2c3 o3 P2baes gz bie ~ g F, (32)
11 23 2 7 N
b, b2 b 3 b2 FY, 33
A [1458 b5+ 570265 = 337~ 4ge 363] 1 (33)
11 8 |
b3 by | FV 34
= {4374 3729 ] 1 (34)
13 25 )
S10 = |:M %C?’ +m€%:|F (35)
where the basis of singlet operators is constituted by
Skc — ch Séc — DIZ(C, Sl_;c — Dl’;c’ Sﬁc — 013«" Slscc — Dﬁc’
Ske =Dl SOk ske—plk sk Dl st Ok

The corresponding coefficients o; and #; that come along
with operators in the 8 and 27 ﬂavor representations can be
obtained in a similar manner and will not be listed here. The
remaining operator bases, at any rate, can be found in
Appendix D for completeness.

As for the one-loop graph of Fig. 1(d), it has been
analyzed in Ref. [20] in detail and will not be repeated here.
Its contribution to the renormalization of the axial vector
current will nevertheless be taken into account in the
numerical analysis in the next sections.

A. One-loop corrections from Figs. 1(a)-1(c)

The matrix elements of 5AX¢ between SU(6) symmetric
baryon states, |B;) and |B,) for definiteness, yield the
|

|
contribution of loop graphs from Figs. 1(a)-1(c) to the
renormalization of the axial vector coupling ¢g;, namely,
897" = (B,|5AY|By). (36)
Using the matrix elements listed in Tables VI-VIII
allows one to organize §g; as
593 1B,

_ BB | BB pD) | BB )

27 - (37)

The coefficients afe‘f 2 are expressed in terms of the
operator coefficients a;, b,, b;, and c3. For some kine-
matically allowed processes involving octet baryons,
they read

115 7 31 11 19 169 37 247 193
L ) @b @bl + byb b by + bl - b
" = a0 T gg9ibr — g aibs — p i + g anby + e aibaby ~zea 2c3+144 2F qap WP T g 1P
11 19 169 37 247 193
b3b bop? — >y 2y 24T , 38
= 33416 T gg Pabs + 15gg D23 — (4 D263 + e b~ 435 03 (38)
55 127 419 47 109 59
alt = ad — a’b ab a’c 2+ a,b,by ————a b,c
8 T 288v3 | 2883 ! e 864/3 " bs - 72v3 zssf @b) 4323 12 300
5 3f 287 47 109 59
b3 aib? ———a,bxcq — a;c2— bib, +—— b b2 ——— b, 2
288[ 3 016yv3 T 088y3 864\/§ 2305003 2 288y3 20
287
1 b3 — byc2, 39
32\@ 38643 00 (39)
89 107 23 77 157 17 137
@ = —— a3 f - 2hy - g2p, — 2 b2+ byb b b2
%7 = 12841 T 19204172 5760“' 3 1440““'34“1920“l 2+ 288091723 T 4g0 11724 152 P2 T 170807
61 23 157 17 137 61
— 2 ub b3b bob? — ——bye b= 2, 40
1440103 ~grgp @ t 5760 203+ 172852285 = 1950229 * 155520 23 ~ 5760223 (40)
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The functions F, SLL depend on the loop integral F!)(m,0, 4), which is given by [24]
m2 m2

IV. ONE-LOOP CORRECTIONS WITHIN HBCPT

The very same contribution from loop-graphs of Figs. 1(a)-1(c) can also be evaluated within HBCPT. In this case, the
expression can be cast into

897" = 2 P F O (my, 0, ) + 7 " FO (mg, 0. 1) + 7y 2 F U (m,, 0, ), (60)

1 2

where the yj' ™ coefficients are given by

2 50
y;l[p :—2(D+F>3—§(D+F)CZ—8—1€2H, (61)
np 1 3 2 2 3 2 10 2
YW == (13D = D’F + 3DF* 4+ 33F%) + =5 (3D = 5F)C* = - C*H. (62)
1
7" = =3 (D* = SD’F + 3DF* + 9F), (63)
: 12 1 5
SN \[ D(7D* 4+ 3F2) +— (29D — 24F)C? + =C*H|, (64)
3V3 12 9
rEA = L D(3D* 4 13F?) + s (D -3F)C*+ > o (65)
K V6 9 27 '
§ 1
A — ____D(8D* - C?), 66
Vi 6/6 ( ) (66)
/o7 = 1 1(903 + 81D*F + 715DF? +27F3) — 1 (23D - 51F)C? + Ec22H (67)
"= %3 12 9 ’
yel = 1L (31D° + 15D*F + 9DF? + 297F3) — ! (D —5F)C* + e (68)
=612 4 o 1
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2’ = ——=(19D 4 27D*F — 63DF? + 81F?), 69
by ) (69)
=" ! 3 2 2 3 ! 2 10, 5
v = _ﬁ(?’SD + 23D*F + 33DF* — 123F°) _E(”D —41F)C +ﬁHC . (70)
- 1 3 2 2 3 1 2, 2
g = —E(3ID‘ —53D*F + 5TDF* — 51F°) —%(35D —59F)C —l—a’HC , (71)
- 1 1
"= —ﬂ(llD3 — 17D*F + 33DF? — 27F?) —%(13D —-21F)C?, (72)
A 1|1 3 2 2 3y, 4 2 _Dgm
re :% §(9D —81D°F +75DF —27F’)+§(D—3F)C —§HC , (73)
E- L1 3 2 2 3y, 1 2 _S4m
Y :—6 ﬁ(3lD — 15D*F +9DF —297F)+Z(9D—19F)C —§HC , (74)
- 1 [1 1
=AM =— |—(19D* —=27D*F — 63DF? — 81F?) + — (11D — 9F)C?
Yy \/6{24(9 7 63 8 )+12( 9 )C} (75)
yET = L (35D° — 23D*F + 33DF? + 123F°%) + L (D—TF)C* - QHC2 (76)
g V2| 24 36 81 ’
= = L (31D% + 53D*F + 57DF? + 51F3) + L (3D - 5F)C* - chz (77)
K V2 12 36 81 ’
2T = LI (11D3 + 17D*F + 33DF? + 27F?) — ! (D + F)C? - iHC2 (78)
1 V2| 24 6 27 ’
B0t ! 3 2 2 3 ! o105
e :—ﬂ(BSD —23D°F 4+ 33DF +123F)+%(D—7F)C _ﬁHC’ (79)
=03t 1 3 2 2 3 1 235 m
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v 1 1 5
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|
Expression (60) reduces to the corresponding one where the yf ellfz coefficients read
presented in Refs. [1,2] when the limit m, = m,; =0 is
1mpl§mented and the 2G«-*:ll-l\{[a.nn—Okubo forn.lula is us:ed to yf‘Bz _ —(yf‘Bz I yIB(I By 7/117;,32)’ (83a)
rewrite m, as (4/3)mg, retaining only the chiral logs in the
loop integrals. |
BB, BB, BB, BB,
8 = % ™ _EYK g . (83b)
V. COMPARISON WITH HBCPT IN THE
DEGENERACY LIMIT A/m — 0 5B 3 eg 5B op
. o . o t=——[rz =3y 4+ 9, (83c¢)
Expression (60) can also be organized in terms of singlet, 40

8, and 27 flavor contributions. The full expression, in a

close analogy with Eq. (37), can be cast into
the combined formalism, namely,

giiB — BB p) BB plD) (BB (D) (82) abiBe — yBiB:
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when relations (19) are used. This agreement, term by term,
successfully completes another stage of the computational
scheme traced back a few years ago to check whether the
combined formalism and conventional HBCPT yield the
same results at the physical value N, = 3. For the axial
vector current it is indeed the case, at least for degenerate
intermediate baryon states in the one-loop corrections.

VI. TOTAL CORRECTION TO THE BARYON
AXIAL VECTOR CURRENT

Following Ref. [21], corrections to the baryon axial
vector current A¥, Eq. (13), will be made up by one-loop
and perturbative SU(3) symmetry breaking contributions,
namely,

Ake 4 sAke = Ake - sAK 1 5AL. (85)

Here 5A’1‘£ stands for the one-loop correction and is
constituted by two terms: SA¢ and SA%S, which arise from
Figs. 1(a)-1(c) and 1(d), respectively; the former is given
by Eq. (14), although only results in the degeneracy limit
are contained in it; the latter can be identified with Eq. (42)
of Ref. [20].

On the other hand, perturbative SU(3) symmetry break-
ing contributions to the axial vector current to first order in
€ ~m, — i has the 1/N, expansion [21,23]

iy "8e e 1 c8e e
BASh = dd*GX + dy - dD)

c

1
+ d3N—({GkC, T8} — {G*,T})

+d4%({G’“‘,T8}+{G"8,T”}). (86)

c

The appearance of this term can be understood as follows.
In the conventional chiral momentum counting scheme,
tree diagrams involving higher-order vertices will contrib-
ute to the axial vector current in addition to one-loop
contributions. Some of them are needed as counterterms for
the divergent parts of the loop integrals and come along
with extra low-energy constants, with the subsequent
introduction of more unknowns in the low-energy expan-
sion. The leading SU(3) breaking effects of the axial vector
current will thus yield contributions linear in m,. In the
combined formalism, terms of order O(m,) can formally
be accounted for via perturbative flavor SU(3) symmetry
breaking, which transforms as a flavor octet. This is where
expansion (86) plays a role. However, in order to have
predictive power, terms up to relative order N ! are retained
in the series and yet, there are four operator coefficients d;
to be considered.

Some numerical analyses will be provided in the next
section in order to compare theoretical expressions with
experimental information [27].

VII. PRELIMINARY NUMERICAL ANALYSIS

Having derived the full set of results for the renormalized
axial vector current, it is now timely to study their effects
numerically.

A complete evaluation of the axial vector couplings
requires a reliable determination of the free parameters in
the formalism, i.e., the operator coefficients a;, b,, b3, and
c3 introduced in the definition of the axial vector current
Eq. (13). Information about these parameters can be
obtained through a least-squares fit using the available
experimental data [27]. For octet baryons, data come from
semileptonic decays in terms of decays rates, g,/ f; ratios
(f is the vector coupling), angular correlation coefficients,
and spin-asymmetry coefficients [27]. Those data have
been collected in Table II of Ref. [21]. For decuplet
baryons, physically the transitions A — Nz, X* — A,
¥ - Zr, and E* — Hr are all kinematically allowed
and their axial vector couplings g are extracted via
Goldberger-Treiman relations from the widths of the strong
decays [17]. Those data are summarized in Table IX
of Ref. [21].

In previous works [20,21,24], a number of fits were
carried out under various assumptions. The analysis of
Ref. [20], a rather limited one because of the order of
approximation in 1/N_. implemented in the axial vector
coupling, used the measured decay rates and the g,/f;
ratios in the fit. Although the predicted observables were in
accord with the experimental data, the fit was not entirely
satisfactory. The analysis, however, became a useful start-
ing point for a more precise one presented in Ref. [21],
where the effects of perturbative SU(3) symmetry breaking
and a nonzero decuplet-octet mass difference were incor-
porated. Although the quality of the fit improved slightly
with respect to the previous one, still it was not entirely
satisfactory. Both numerical analyses limited to determine
the axial vector couplings g; and g only whereas the vector
couplings f were given at their SU(3) symmetric values.
This limitation was removed in Ref. [24], where the effects
of SU(3) symmetry breaking in f; to second order in ¢
were evaluated. There was an overall improvement in the
output of the fit when all these effects were gathered
together.

It is now viable to perform a more refined numerical
analysis by using the expressions obtained here, following
the lines of Ref. [24]. From the experimental bent, only the
data on ¢,/f, and g will be used in the fit. From the
theoretical bent, the vector coupling f; will incorporate
effects of SU(3) symmetry breaking using the expressions
of Ref. [24]. The axial vector couplings will contain tree,
one-loop, and perturbative symmetry breaking effects as
indicated in Eq. (85); the latter will introduce four more
parameters, namely, dy, ..., ds. One-loop effects will com-
prise all possible terms allowed in the double commutator
structures in SAX for N, = 3 in the degeneracy limit. In
this sense, the present analysis will partially surpass the
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TABLE II.  Best-fit parameters for the different fits performed.
The pertinent values of the equivalent SU(3) couplings D, F, C,
and H are also listed. The quoted errors come from the fits only.

ones of Refs. [20,21]. For definiteness, the physical masses
of the mesons and baryons listed in Ref. [27] are used;
additional inputs are A =0.231 GeV, f =93 MeV,
1 =1 GeV, and the suggested values of the CKM matrix

Fit A Fit B
elements V,; and V.

ai 1.11(0.05) 1.20(0.07) The numerical analysis here consists of two cases of
by —0.53(0.09) —1.60(0.18) interest. The first one, labeled as fit A, corresponds to the
b 0.62(0.21 1.25(0.07 b

C3 :O.2OEO.1 93 0' 4 650'09§ degeneracy limit. The second one, labeled as fit B, makes
d3 0'33(0'05) 0.76(0' 12) use of the partial terms with insertions of one and two mass
d; ~1.45(0.23) ~0.65(0.25) operators available in Ref. [21], which have not been
ds 0.37(0.03) 0.35(0.08) computed at the same level as in the degeneracy case. In
dy 0.30(0.07) —-0.01(0.07) this sense, fit B is a preliminary one. At any rate, it will be
D 0.45(0.01) 0.81(0.04) possible to contrast both outputs to draw some conclusions.
F 0.21(0.02) 0.27(0.01) Without further ado, the fits yield the best-fit parameters
¢ —1.01(0.05) —1.43(0.04)  Jisted in Table II. The predicted axial vector couplings,
H 0.68(0.54) ~2.52(0.06) separated in tree and symmetry breaking corrections
g I{“ D_ D 8?;2882; 8(3)‘&88?; (explicit and implicit ones), are listed in Tables III and
2/ dof 138 /'4 33 / 4 IV for the best-fit parameters of fit A and B, respectively.
TABLEIIL. Predicted axial vector couplings for vanishing A. The output of fit A is used in the evaluation. The experimental data about

g1/f1 and g are used in the fit. SU(3) flavor symmetry breaking is taken into account in two ways: explicitly through perturbative
symmetry breaking and implicitly through the integrals occurring in the one-loop corrections.

Figs. 1(a)-1(c), O(A?) Fig. 1(d)

Process Total Tree SB 8 27 1 8 27

np 1.270 0.664 0.336 0.269 -0.119 —0.001 0.179 —0.060 0.001
SEA 0.598 0.369 0.078 0.127 —-0.043 0.000 0.100 -0.033 0.001
Ap —0.890 —0.444 —0.150 —-0.203 0.046 —0.001 —0.120 —0.020 0.003
X n 0.328 0.239 —-0.042 0.042 0.016 —0.001 0.065 0.011 —0.001
A 0.187 0.076 0.048 0.076 -0.039 0.004 0.020 0.003 0.000
=230 0.726 0.470 -0.119 0.190 0.042 —0.002 0.127 0.021 —0.003
=20x+ 1.027 0.664 —-0.168 0.269 0.060 —-0.003 0.179 0.030 —0.004
AN -2.030 —1.008 -0.579 —0.408 0.151 —-0.002 -0.272 0.091 -0.002
A -1.737 —1.008 -0.191 —-0.408 0.053 0.000 -0.272 0.091 —0.002
I —-1.694 —1.008 —-0.104 —0.408 0.019 -0.010 -0.272 0.091 -0.002
=2 —-1.413 —1.008 0.241 —-0.408 -0.062 0.008 -0.272 0.091 -0.002

TABLE IV. Predicted axial vector couplings for nonvanishing A. The output of fit B is used in the evaluation. The experimental data
about gy, f, and g are used in the fit. SU(3) flavor symmetry breaking is taken into account in two ways: explicitly through perturbative
symmetry breaking and implicitly through the integrals occurring in the one-loop corrections.

Figs. 1(a)-1(c), O(A®) Figs. 1(a)-1(c), O(A) Figs. 1(a)-1(c), O(A?) Fig. 1(d)

Process Total Tree SB 1 8 27 1 8 27 1 8 27 1 8 27

np 1.270 1.080 0.426 0.061 0.049 0.007 0.232 —0.111 —0.002 —0.446 —0.220 —0.003 0.292 —0.097 0.002
SEA 0.600 0.660 0.178 0.324 —0.072 —0.004 —0.269 —0.028 0.000 —0.281 —0.031 0.002 0.178 —0.059 0.001
Ap —0.816 —0.663 0.016 0.250 —0.186 0.004 —0.553 0.173 —0.002 0.265 0.087 —0.002 —0.179 —0.030 0.004
Tn 0.326 0.535 0.001 0.733 —0.061 —0.002 —0.891 0.094 0.000 —0.242 —0.007 —0.001 0.145 0.024 —0.003
ZA 0.221 0.004 0.080 —0.574 —0.062 —0.003 0.822 —0.045 0.004 0.016 —0.024 0.003 0.001 0.000 0.000
=230 0.840 0.764 —0.151 0.043 —0.017 0.004 0.164 0.039 —0.002 —-0.315 0.078 —=0.003 0.206 0.034 —0.005
=0x+ 1.188 1.080 —0.213 0.061 —-0.025 0.006 0.232 0.056 —0.002 —-0.446 0.110 —0.004 0.292 0.049 —0.006
AN —2.037 —1.428 —0.627 —0.647 —0.012 —0.010 0.223 —-0.157 —0.018 0.630 0.266 0.004 —0.386 0.128 —0.003
A —1.712 —1.428 —0.436 —-0.647 0.030 0.020 0.223 —-0.001 0.007 0.630 0.154 —0.003 —0.386 0.128 —0.003
DI —1.738 —1.428 —0.019 —-0.647 0.185 —0.012 0.223 —0.228 —0.013 0.630 —0.154 —0.014 —0.386 0.128 —0.003
2B —1.390 —1.428 —0.037 —-0.647 0.149 0.009 0.223 0.042 0.045 0.630 —0.112 —0.005 —0.386 0.128 —0.003
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TABLE V. Symmetry breaking pattern f,/ fo(S) — 1 for the
vector coupling f;.

FitA  FitB  Ref [28]  Lattice QCD [8]
Ap  —0028 —0.067 —0.067(15) —0.05(2)
Sn —0043 —0.028 —0.025(10) -0.02(3)
E-A —0034 —0.060 —0.053(10) —0.06(4)
=0+t —0.024 —0.049 —0.068(17) ~0.05(2)
=0yt —0.024  —0.049

A close inspection to Table II reveals that both fits yield
parameters consistent with the expectations of the 1/N,
expansion: a;, the leading order coefficient, is of order
O(N?); subleading order terms should exhibit a relative
suppression in 1/N, with respect to the leading order one.
This is more evident in fit A. On the other hand, the quality of
the fits can be evaluated based on standard statistical good-
ness of fit criteria and the value of y?/dof becomes a useful
indicator. Consequently, fit B is by far better than fit A. The
overall behavior of fit A is good because the predicted
observables displayed in Table I1I are in good agreement with
their experimental counterparts. In contrast, the overall
behavior of fit B is excellent because its predictions are
closer to physics. Notice that symmetry breaking corrections
(both implicit and explicit) are roughly suppressed by a factor
of € ~ 0.3 with respect to the leading ones (except for the
process E~ — A), which is consistent with first-order sym-
metry breaking. Notice also the existence of suppression
factors in the different flavor contributions that make up loop
corrections. The flavor-27 contribution is highly suppressed
relative to the flavor 8 contributions, which in turn is
suppressed relative to flavor 1 contribution.

As for fq, the resultant symmetry breaking pattern is
consistent with recent results obtained in the context of the
combined formalism in 1/N, and chiral corrections in
terms of the £ power counting of Ref. [28] and lattice QCD
[8]. The consistency is better appreciated for the output of
fit B in Table V.

VIII. CONCLUDING REMARKS

The renormalization to the axial vector current has been
dealt with in the combined formalism in 1/N, and chiral
corrections; the material presented upgrades the one of
previous works [20,21] in various aspects. A meson-baryon
vertex in loop graphs can be represented by the insertion of
an axial vector operator A® whose most general form is
given in Eq. (9). Unlike previous analyses, here A retained
up to 3-body operators so its 1/N, expansion is given by
Eq. (13). One specific loop graph is proportional to the
double commutator [A/, [A" A¥]], which is a 7-body
operator according to naive counting rules. The explicit
evaluation of this operator structure was rigorously per-
formed for flavor singlet, flavor 8, and 27 representations;
results are given in full in Appendices A, B, and C,

respectively. An additional loop correction has been dealt
with in previous works [20,21] and was not repeated here.

The total one-loop correction to the axial vector coupling
for degenerate intermediate baryon states (a limitation of
the present calculation) was compared to its counterpart
obtained within heavy baryon chiral perturbation theory of
Refs. [1,2]. The comparison was a successful one term by
term. This is indeed a remarkable outcome: results of large-
N, chiral perturbation theory and conventional heavy
baryon chiral perturbation theory agree at the physical
value N, = 3. The agreement has been partially observed
in analyses of Refs. [20,21] and fully observed for other
quantities [24,26]. For the first time, this agreement has
been totally achieved for the axial vector current for
degenerate intermediate baryons.

The renormalized axial vector current was thus con-
structed by adding together one-loop and perturbative
flavor symmetry breaking contributions. The effects of
symmetry breaking were accounted for implicitly since the
loop integrals depend on the meson masses and explicitly
through perturbative first-order symmetry breaking, with
the introduction of additional coefficients that serve as
counterterms for the divergent parts of the loop integrals.
All these contributions were gathered together into a single
expression, Eq. (85). It was instructive to perform a
numerical analysis via a least-squares fit in order to
determine the free parameters of the theory, namely, a;,
b,, by, and c; for A and d,,...d, for perturbative
symmetry breaking, under two possible scenarios. The
first one, labeled as fit A, used the expression for g,
obtained here, along with the expression for the vector
coupling f; computed in Ref. [24], which included second-
order symmetry breaking effects. The second scenario,
labeled as fit B, followed the lines of the previous one, and
also included effects of a nonzero decuplet-octet mass
difference A, partially evaluated in Ref. [21].

The idea behind the study of these two possible scenarios
sprang from the interest of finding out how important the
effects of A are, although partial results are only available.
The best-fit parameters are listed in Table II. Clearly, fit A
produced results consistent with expectations both from the
large-N. and experimental perspectives. Fit B, however,
can be considered much better than fit A based on standard
statistical goodness of fit criteria and the value of y?/dof,
which turned out to be 28.8/4 and 8.8/4, respectively.
Globally, fit B lead to more consistent values of the
equivalent SU(3) couplings D, F, C, and H introduced
in HBCPT [1,2]; specifically, the magnitudes of C and ‘H
were consistent with expectations and the sign of the latter
went in the right direction. On the other hand, the 3F — D
factor, which plays a role in the extraction of the value of
the strange quark spin and of the total quark spin from the
measured value of the spin-dependent deep inelastic
structure functions of the proton and neutron, showed a
significant reduction to almost a zero value. Particular
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attention should be paid to this fact so results should be = however, requires a non-negligible effort and will be
interpreted with care. attempted in the near future.

In spite of the relative success of the above mentioned
fits, one cannot yet consider the theoretical issues as closed.
It is most important that the full evaluation of A effects be ACKNOWLEDGMENTS
performed, and the procedure presented here may provide The authors are grateful to Consejo Nacional de Ciencia
useful guidance for this enterprise. This calculation, y Tecnologia (Mexico) for partial support.

|

APPENDIX A: REDUCTION OF SINGLET OPERATORS

Here, the complete reduction of the operator structure
[Aia’ [Aia,AkcH
at the physical value N, = 3 is provided. Individual structures read as follows:

3N2—4
f ch (A])

Gia’ Gia’ch — ,
G166 ==

2(N.+N ON% + 8N, —4
( f)ch+ f f

Gia7 Gia"DkC Dia’ Gia’ch Gia’ 'Dia’ch — _
(G, G, DY) + (DY [G, G + [G™, [D¥', G~ v, W,

Dk, (A2)

[Gia’ [Gia’ Dlgc“ + [D§a7 [Gia’ ch“ + [Gia’ [Déa’ ch]]

13N2 + 16N, — 12 N2 +2N, -8
f f ch+ f f

= —[N.(N.+2N;) —2N; + 8]G* = 3(N, + N;)Dk* + A
4N Ny

ok, (A3)

G, G, 0¥ + [04.G*. G*]] + 6. [0%.G*]

ke 1 kc 1 kc ISNJ% + 12Nf —4 ke
= —[N.(N.+2N;) - NG —E(NCJer)D2 JFE(NJle)D3 + iN, 05, (A4)
(G, [Di, DY) + [P [G, DY) + [P, [Py, G
N.(N.+2N;)(N;—2) — 6N? 2(N.+Np(Np=1) 1 1 :
= W, LGhe + A’;f LDl + BN, + 2Dk +IN,0F,  (AS3)

G'. [D'. D5]] + [P [G. D] + [Py [DY. G¥]] + [Dy'. [Dy. G¥]] + [G™. [DY', D5]] + [D¥'. [G™, D]

N.+N;)(IN, -4 2(N,+N;)(3N,;—4
= —12(N, + N;)G* + [N.(N, 4+ 2N;) — 2N + 8] D5 + ( J;\)]( ! )D’gc + ( ]’;,)( ! )O’gc
f f
3N2—4N, -4
L 7 N L Die, (A6)
f
(G, [Dy, O5]] + [Py, [G", OF]] + [Py, (05", G¥]| + [OF [Dy', G*]] + [G", [OF, D] + [OF. [G™, D]
3 9 2(N.+N

=-3 [N.(N.+2N;) — 8N /| Ds — 3 (N.+ N;) Dk — (Tf)ogc + (3N, + 10)Dke, (A7)
[Py, [Py DY) = W, LDg S (N + )T (A8)
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(G, [DY. DY) + [P [G, DY) + [P [DY, G
= —6[N (N, 4+ 2N;) 4+ 2N{]G* + 6(N, + N;)D + 3[N (N, + 2N;) + 2N — 2] Dk
N.N;(N,+2N;) 4+ 12N;(N; —2) + 8 3(N} +2Np—4)
+ Dk
Ny 2Ny

O —=3(N. + N;)Di +

N% + 8N, —20
Ny + 8N, —20

kc
N, Ok, (A9)

(G, [Di, OF]) + [P¥, [G, OK]] + [P, [OF, GX]] + [OF [P, 6] + (G, [0}, D] + [0, [G*, D]
= —24(N, + N;)D5 = 32N (N, + 2N;) = 5N ;| D5 = [N.(N. +2N;) — 2N + 8]O% — 5(N, + N;)Dk°

N2 +2N,-38
LT P ok, (A10)

+ (5N + 11)D¥ + s
Ny

(G.0%. 0] + 0.6, 0% + [0 [0%.G*]
1
3!

3 1
= —ENC(NC + 2N;)Gke - 1 [N.(N.+ 2N;) — 6N ;| D5 — Z 13N (N, +2N;) — 38N, — 12]0%°

3 1

~ (N N +

1
1 (Nf+3)D’gC+§(11Nf+ 16) 0%, (A11)

(D [Py, Dy + [y, [P D] + [Py [Df. Dy
Ne(Ne+2Ng)(Np=2)=6N7 _  4(N.+Nj)(N;—1)
2N; N,

1
Dke + 3 (3N, +2)D%, (A12)

N.(N, +2N)(N; —2)
2Ny

2
Dia Diu Okc Dia Oia ch Oiu Diu ch _ _6Nf Okc lN Okc Al3
Dy, [Dy, O] + [Py, |05, Dy]] + [O%, [Dy, Dy]] = 3+2 rUs°, (A13)

[y, (D, DY) + [ [DY, DA + [P, (DY, D)
(Ne +Ng)(INy—4) N 3N} —4N, -4

k.
N Ds N
f f

= —6(N,+ N;)D + [N.(N. +2N;) — 2N, + 8Dk + Dfe,  (Al4)

(D, [P, OF]) + [P [Py, OF]] + [DE [0, D] + [0, [P, DY) + [y, [0, DY) + [OF, [Py, D]

2(N.+N;)(3N;—4)
Ny

= —12(N.+ N;)Ok + Oke, (A15)
(D}, [0}, OK]) + [0}, D, O] + [0} [0} DY

11

3 1
=-3 [INo(N.+2Ny) = 8Nf}D’2‘C —6(N. + Nf)D’;C ~ [SN.(N.+2N;) — 58N — 48| Dke 2 (N.+ Nf)DIS“

1
+5 (3N, + 14)Df, (A16)

[Di, [D, DY) = =2[N.(N. 4+ 2N;) + 2N;|D5 + 4(N,. + N;)D5* + 2[N (N, + 2N;) + 2N — 2| Dk
N7 +2N; -4

—2(N.+ N;)Dg +
Ny

D, (A17)
(DY, DY, OF]] + [OF. [DY. DY) + [ [OF. D]
[N:Np(N. +2Ny) 4+ 12N7 = 24N + 8] ok & N7 +8N; =20

= —6[N (N, +2N) + 2N/ O% + :
Ny Ny

Ok, (A18)
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[Dy, [0, O5]] + (0% [DY, O5]] + (0%, [05", D]
3
= ~24(N, + N{)D§ = Z[SNe(Ne +2Ny) = 8NDA = 26(N, + Ny)Di ~ 202N (N, +2N,) — 11N ~ 6]D¥¢

7 1
=5 (Ne+ Np)DgE + 5 (SN, + 17)Dyf, (A19)

. 3 1 5
(0%, [0, O] = —5Ne(Ne + 2N;) 0% — 2 ON(Ne+2Np) = 34N, — 12]0% + 5Ny + 2)0%.  (A20)

APPENDIX B: REDUCTION OF FLAVOR 8 OPERATORS
Here, the complete reduction of the operator structure
dabS [Aia’ [Aib’Akc]]
at the physical value N, = 3 is provided. Individual structures read

) ) 3N2-16 N2 -4

dabS [Gm’ [Glh’ ch“ — f cheer + / > 508]1(7 (B])
8N, 2N?

dabS([Gia’ [Gib, Dlzcc]] 4 [1)%17 [Gib, ch]] 4 [Gia’ [Déh, ch]])

2<NC+Nf> (Nc"’_Nf)(Nf_z) l

2
— _ cheer 508Jk 5N 8 chekae _ = ch’ T8
N2 +2N,—4 N,+2
4 S f {GkS’ Tc} + / [‘]2’ [TS, ch]]’ (Bz)
2N, 4

dabS([Gia, [Gib, Dlgc]] 4 [Dga’ [Gib, ch“ 4 [Gia’ [Déb, ch]])

3N.(N. +2N,) — 8N, + 16 3
( f) f 508]k _E(NC +Nf)dCSeD12<e _ <Nc + Nf){chv TS}

— (Nf _ 8)d089er _

2N

3 5N%+ 12Ny — 16 (N;+6)(N;,—4)

Z(N N .]27 T8, ch f dc8eDke S/ f che ke

N,—4 Ny +4) (N, -1 3
4}]‘7{ch‘7 {Jr’ GrS}} 4 ( / )( S ){Gk8’ {Jr’ Grc}} —7{_]k’ {Tc, TS}}

Ny Ny 4
N:,+4)(N,—1
+ (Nf 4 1){]k’ {GrS’Grc}} +( f ]3/(2 f )558{J2’Jk}, (B3)
f

dabS([Giu’ [Gib, Oéc“ + [Oéu’ [Gib, ch“ + [Gia’ [Oéb, ch“)
— &dCSEGkB _ NC (NC + 2Nf)
2 4N,

N2+ N;-8
f f 8e ke
—————q%D

+ iN, 3+

1
58Ik = (Ne+ N ™D = (N, + NG, T} = (N + N2 [T, G

IN2+ 8N, — 16 |
gy, O+ (N + G I G =5 (N, + (G {67

N+ Ny - N} 4Ny -

1 8 2 8
_ —{]k, {TC, TS}} _ {]k, {GrS’ Grc}} 4 508{]2’Jk}, (B4)
8 2N, 2N}
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4G, [DY. D] + [D§. (G, D] + [P [DF..G*])

(NL+Nf)(Nf_4) {ch’TS}_f_(NL'—'—Nf)(Nf_Z)

1
GRS T¢ —N‘ NA[J?, T8, Gk
N, Nf {GH. T} + (N + N2 [T8.GH]]

3 c8e e
— —ENfd 8 Gk +

3 1 Ny
+§NdeSeDgce +Z(Nf_ )dc890k6+ {ch {j" Gr8}}+ {GkS {Jr Grc}}_,r_ {Jk {Tc TS}} (BS)

d*([G'. [DY. D] + Dy [G*. D] + DY [DY. G¥]| + [DY. [DY. G¥]] + [G*. [DY. D¥)) + [D¥'. [G™. D))
N7 +38

—6(N, + N;)dSeGk —3(N, —2)d¥ D5 — 6{G*, T} + 2(N; + 1){G*®, T°} + —~— v [J2,[T8, G

!

3 N, +N;)(N,—4 AN, + NN, =2 |
+_(N0+Nf)d"887713‘e+( TN, )dc-8e0’§e+ (Ne + Np)(Ny ){ch,{Jr,Gr8}}
: Nf Nf
2(Ne + Nyp)\Ny =2 . N.+N 3
o AJ;)( f ){Gks’{Jr’Gn}H%{f" {76, 7%} + 35 (Ny = 2)d*Die
1
3Ny N2 + 3N,
_(Nf+4){D§C’{Jr’Gr8}}+4{D"8,{J’,G"'}}+T{ﬂ (Ghe, T8}}+fN7{J2 (GBS 7))
/ s
N2 +4N, -8 . 1
gy, BT GRG0 6P 4 g U (62 6
s

(2GR (.G 4 (2GR (. 67+ U5 T, 67, (7, G, (B6)

d8[G™, [DY, O] + [D¥, [G™, O%]] + [Dy, [OF, G¥]] + [0, [DY . G*]] + [G™, [OF, D5]] + [O%, [G™, D5]])

(Ne+N;)(5N; +8) Jesephe _ 2(N.+ Ny)
4N/ 3 N;

2(N.+ Ny)(Ny=2)

3
— 6NdeSeD12ce _ che(f)ke _ (N + Nf){.]k {Tc TS}}

2N+ NN, = 2)

(v AG®. 6 + 582, Iy 11 5 (N +9)d™Die

N, N
N%+9N; +4 9N
+ f f {ch’ {Jr GrS}} f {DkS’ {Jr Grc}} _{J27 {ch’ TS}}
2Ny Ny
N2 42N, —4 o 15 ‘
+ fz—Nf{sz {G*,1}} +Z(Nf +2){J% 2 [T, GM)} - 3—2{J2’ [G*, {J7, G™}]}

+ g{ﬂ, G¥{J7.G™ )]} — g{[ﬂ, G| {77, G )} + g{w, G477, G"}}

15 k m mc r r8
+a, U U G U G (B7)

(Ne+Ng)(Nyp—4)

] ] d Ny -8e e c Ny c8e e c r T
d*S[Dy. [DY DY) = == dSDy¢ + {75 AT TSy + L aSDf + (DY {77, G™}). (BS)
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a((G™. [DP. DY) + [DY. [G7. DY) + [P [DY. 6]
3N (N, +2N;)

5 58Ik 4 3(N, + N;)d3Dke — 6(N, + N,){G*, T8}
f

— _6Nfd08eer +

5N%— 10N + 16

ch’ Jr’GrS
N, o et

+2(N, + N2, [T8,G*]] — 3dBeDke + (N; — 14)d¥ Ok +

N2 —-2N,-16 3
f r rc C X rc
et (CaR I NCY +5{J’% {T°,T%}} = 6(N, — 1){J* {G™,G"}}

Ny
3[N.(N, +2N;) + 4] 3
— 2Nf S 5C8{J2’Jk} _§<Nc _'_Nf)cheDﬁe +5(Nc +Nf){D]2<8,{Jr, Grc}}
2 ke T8 2 172 [T8 (ke OINy =8 o (ke (r (8
+ (Ne + Ne{J2AGH. TP} +2(Ne + Np{J2 T2 [T5. G¥]} + 8N, {5 6" {1 6"}
ON, -8 IN, -8 ON, -8
_ . J2’ GkS’ Jr’ G'e S J2 ch Jr GrS J2 Gk8 Jr G'e
S, G G} S R G G = g . 6 .67)
ON; -8 5 (Ny +8)(Ny—4)
_ . m mc r r = 2 cSeDke c8e ke
SN, CANIPAN LS RVINE }]}+4(Nf+ )dedeDke + N, a8 Ok
6(N;—4) o N?+6N;—8 , 3 .
N, G G e (RGN U G - P T T

2
N3+ 3N, - 3

+3(Np = {2 AT AG®. G} - N, {J" Gy I 6™ + - 568{12 {27}, (BY)

dubS [Gi“, [Dgh, OISccH + [Déa, [Gib’ 013«” + ['Dé“, [Oéb, ch“ + [Oéu, ['Déb, chﬂ + [Gi”, [Ogb’ Décﬂ + [Oga7 [Gib, 'Dg“]])

12NC(NC+2N) C c8e e 1 coe e coe e C
- N, L268J%F —12(N, + N,)d°8 D 5 (TN = 8)d™ DY + (N = 8)d*Of — 6{J*. {T*. T°}}

5N.(N.+2N;) = 32N, + 16
2N,

5
+ 8(N; + 1){J* {G™,G"}} - 582, JK} — 3 (N, + Ny)dsDke

TN+ N DS (77,67 = (N + NG T} 45 (Ve + N L2 [, 75, GM)

| 3NN, + 18N} — 12V, — 116 3NN, + 18N2 — 12N, — 116
JZ’ ch’ J’", GrS _ f J2’ GkS’ Jr’ G'¢
v, (26 7. G o, (2165477, G}
3N.N;+ 18N} — 12N, - 116 3NNy + 18N7 — 12N, - 116
+ . . {[12’ch]’{‘]r’Gr8}}_ . {[J2,Gk8],{JV,GrC}}
32N, 32N,
3N.N;+ 18N? — 12N, — 116 N%+5N; -8
_ cVf / Y k m mce r (8 f f cBe ke
oy R R

(Np+4)(N;=1) {2, {G8 {Jr.G}}}

4 (Nf+6>(Nf_4) dCSeOke +Nf {12 {ch {Jr Gr8}}}

5 N2 —-3N,—8
2P AT AT T - 2 (5 {6 G
4 Nf
2N7 + 5N, +4 2N +5N; -8
+ fN—f{Jk7 {{Jr7 Grc}v {Jm7 Gms}}} + fT(SCS{JZ’ {sz']k}}’ (Blo)
f
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4G, [0F. 0K + 0¥, [67. OF] + (0¥, [0F. G*])
3 ke T8 2 8 ke N12£_4 c8e ke 1 c8e ke
—5 (Ne + NLGY. T} = 2N + N2 [T°.G H+Wfd D3 +5 (4N +3)d™0;
NZ
+- (11Nf+6){G’“ {J", Grg}}——(SNf—F6){G"8 {Jr,G"}} - {J" {G"8,G"}}
f

3NNf(N. +2Ny) = 8N3 + 32

3 11
508{]2’Jk} _ g(Nc + Nf)dCSe'Dice + _(1\7C + Nf){DkS, {]r, Grc}}

2
8N 4
13 7
=5 Ne+ N2 AGE T8} = 2 (Ne + Np){J2 12 [T7, GXJ}
3[N.N; + 6N% + 10N ; — 32] 3[N.N;+ 6N% + 10N, — 32]
— 64{Nf {12’ [ch’ {Jr, GrS}]} + 64{]\7] {JQ’ [GkS’ {Jr, Grc}]}
3[N.N; +6N7 + 10N, — 32] ‘ 3[N:N; + 6N7 + 10N, — 32]
— 64{Nf {[J2’ch]’{Jr’Gr8}} + 64fo {[J2,Gk8],{‘]r,GrC}}
3[N.Ny+6N7 + 10N, — 32] N7 +3N; -8 1
]k’ Jm, GgmeY {Jr, GrS f cheDke Z (3N, 8 che ke
v U8 U7 G707, G} o =gl 4 (N 4 8O

PN, + G (77,GP) )} = BN, + 8 AGS (77.G )} = e (2 {05 T2, T}

N +3N; - 16 2N7 45N, +4
T S U L A UL R
2N +3N; -8
f R / 5c8{]2’ {]2,‘]]‘}}, (Bll)
4N3

d**8([Dy, [DY, D)) + DY, [DY, D5°]] + [Dy, [DY. D))
2(N.+ Ns)(Ns=2)
Nf

(Ne +Np)(Np—4)
Ny

3
= N (D (1.6} + (DF.(.6))

+%{J2’[ch’{‘]r’Gr8}]} {J2 [GkS {Jr Grc}]} + = {[J2 ch] {Jr GrS}} {[]2 GkS] {Jr Grc}}
_%{Jk’ [{Jm’Gmc}’ {Jr’GrS}]} +ZNdeSeDISce +N—f{‘]2’ {Jk’ {Tc’ TS}}}

LR CARS AN PR VAN 3 (B12)

d8([Dy, [DY, OF]] + D, [0, D] + [OF, [DY, D5]))
(N.+Ng)(Nyp—2)
Ny

(Ne+Ny)(Nyp—4)
2N,

3 >oe e c r r r rc
= =N d* 05 - {Dy.{J.G""}} - {D3*.{J.G"}}

(Ne+Ny) (N —4) (Ne + Ny)(Ny = 2)

{JZ, {ch’ TS}} +

(PG TV} 4 (Ve + N1, 64])

2Ny N,
PG (G} e (2G5, .6 - 76{{12 6. (rr.6})
’ 176{“2 GH]L A7, Gr)) 15 (4 17, 67, (7, G} + 5 (N = 2)aesee
F UG G g UG .G =5 U4 (/.67 (07 6™, ®13)
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a((D. [} D]

+ [D5. [DY. D¥]| + [DY. [DY. D5°]))

= —=3(N, + N;)dDs —3(N; —2)dDi¢ + 2(N; + 1){D5, {J7,G"8}} — 6{D* . {J". G"*}}

D gzé.N’% SN g ooy - N BN Y ;QN’% —N R e 6
N N.(3N;—4) ;;N} —6N;—4 (2. G, (7. 6™ — N.(3N;-4) ;r]\;tfjv} — 6N, —4 (2,69, (7. G}
_N"(3Nf —4) +4N§'_6Nf_ (J%, I, 6™}, (U, G} +§(Nc + Nj)deseDhe
8N, > |
e NP T ) 4 20T vaf;(Nf DG 6
2Ny = 20Dl — LR P D, G + L P DR G, (B14)

d’*([Dy, [DY, O5]] + [DY', [DY, O]

+[D5, (07, DX]

+ (05, [DY, D5]]

+ [Py, (07, D]

+105. [Py, D))

“6(N, + N)dSOk — 2N, + 1){Dke, {J7. G"}} + 6{D {J7. G} } — 6{J2. {G*. T#}}

2

+2(Ny + D{J2{GH, TC}}+N e

N.(29N; —28) + 42N3 — 116N — 16

{72215, G*]l}

32N,

+

N.(29N; —28) + 42N7 — 116N, — 16

{JZ’ [ch7 {Jr, GrS}]}

32N,

N (29N —28) 4-42N7 — 116N —

{]2’ [GkS’ {]” Grc}]}

16

32N,

. N.(29N; —28) + 42N% — 116N —

{[12’ ch]’ {_]” GrS}}

16

32N,

+

N.(29N; —28) + 42N — 116N — 16

{[JZ’ GkB]7 {]", Grc}}

32N,
(N +Ny)(Ny—4)

2N, + Ny)(N; —2)

{75 [ Gme 3 a7, G}

che Oke
Ny s

2(N.+ Ns)(Ns=2)
_|_
Ny
N3N, -
Ny
N +3N, -
Ny

{12’ {GkS, {J” Grc}}} _
{J2 {Dy. 7. G} }} -

{12 {72AGS. T} +

Nf {J2’{ch’{Jr’Gr8}}}

2(N.+Ny)(Np=2)

3N,

Nf +4N, -8
2N,

{12 {D5°.{J7.G"}}} +7

Nf {]k,{{Jr,GrC},{Jm,GmS}}}

WNr =81 p (k1))

{72A2 2[5, G¥)}

— HPRIG  GR ) 4 AR GR (. 6N = 2 A1 GM] (. 6

U2 GHAT G + 0 A [, G 0 G,
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d*8([Dy, [O0F, OK]] + [OF, [DY, O%]] + [0, [0F, D))
2(N; 4+ 1)(Ne + Ny)
Ny

3
= 6N ;d3 Dk — D5 =7 (Ne + N AT TP

2N, 4+ N,)(N;-2) & ey 2
- A;f L2 gk {G"8, G} ) +

(Ne + Ny)(Ny = 2)
"

1
O8{J2 M + 7 (23N + 24)d S D

3 > r ¥ r rc
+5 (N + {D5 {7, G} - 6{DF {J7. 6"} }
| Ne(4ON +72) = 12V — 215N, - 24

64N,

NC(49Nf +72) - 12N]2c — 215N, —-24
- 64N/
| Ne(ON, +72) — 12N 215N, - 24

64N

NC(49Nf +72) - 12Nj2¢ — 215N, —-24
B 64N s

N (49N, +72) — 12N2 — 215N, — 24 (N + N;)(IN; +8)
— ]k, Jn GmeY {Jr, GrS _ ¢ / f

o, 0. G (07,6 )) o,
2(Nc +Nf)(Nf _2)
Ny

{J2, [ch, {J", GrS}]}

{]2’ [GkS’ {J’, Grc}]}

{[]2’ ch]’ {Jr7 GrS}}

{[‘]2’ GkS]7 {Jr7 Grc}}

c8e ke
de3e Dk

=2 (Ne + Np{J2 AT AT T} - {72 475.{G". G} }}

N.+Ny)(N;=2) (Ne+Ny)(Nyp—2)

2
Ny

({6 A gy +

508{]2’ {Jz,_]k}}
+%(Nf + 11)debeDhe + % (2N + 1) {2 Dk {J7, G5} ) — %{ﬂ, {(DE.(J7.G"}})

11 ‘ o 11 r (e 11 ¢ oo
S ARG AT G} + 35 (AT G8 . G} = 35 02 2. G . G

g 0 A G T G+ 5 102 A [, 67 4. G,

d*”*[D5, [DY, D]

2N, (N, +2N

N
f
N.(4N.N; +24N% + 85N, — 104) — 116N% — 432N, + 552
_ ( f S S ) S / {JZ, [ch’ {Jr’ GrS}]}
16N/
N.(4N.N; + 24N> + 85N, — 104) — 116N% — 432N, + 552
+ ( f f f ) f f {JQ, [Gk8, {Jr, Grc}]}
16N,
N.(AN.N; + 24N% + 85N — 104) — 116N% — 432N, + 552
— ( f f / ) S S/ {[JZ,GkC],{Jr, GrS}}
16N,
N.(4N.N; +24N% + 85N, — 104) — 116N% — 432N, + 552
+ ( f f f ) S f {[J2’Gk8]’{Jr’Grc}}
16N/,
N (4N .N; + 24N% + 85N, — 104) — 116N% — 432N + 552
4 . f 16Nf S {]k, [{Jm’ Gmc}, {Jr’ GrS}]}

= 24VDY {2 ATE T = 4N = D2 (G 67
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N.(N.+2N;) +4

+4(Nf_ 1){]1(’{{Jr’Grc}’{Jm’GmS}}}_ Nf

S A{J T}y = (N + Nj)d® D

3NN, -8
8N,
3N.N; -8

+4(N + N2 ADE AT .G} + {72 A2 G AT G}

3NNy -8
8N, 8N,

3N.N;—-8 3N.N;—-8
cVf 2 2 k8 r e S
— J= 45, G| 4T, G —
8Nf { {[ ]{ }}} 8Nf

{72 A2 (GH AT G} + {72 A2, G AT, G}

{72 AT [ Gmep 0. G

1 1
+3 (Nj+2)dSeDhe — 5 {2 AP AT AT T 4 2(Ny — D2 {T2{IE{G™, G} } 1}
N2 —-2N,+8 2
— T P G I G 6T, (B17)
s !
d™([Dy, [DY, OX]] + (05 [DY. D] + [Py, (09, D))
= —6NdS Ok + 6(N, + N ){D, {J7,G™}} = 6(N + Ny){J% {GH, T*}} + 2(N, + Np){J2, [J%, [T%, GH]}
26NNy + 48N N7 + 949N, — 337N N + 728N, — 194N7 — 1972
+ . . .

{JZ’ [ch’ {Jr’ GrSH}

32N,
2 2 2
_ 26NN + 48N N7 + 949N, — 337N Ny + 728N, — 194N} - 1972 (G5 (. GV}
32N,
26N2N ; + 48N N2 + 949N  — 337N .N; + 728N, — 194N% — 1972
i — : A6 6
32N,
2 2 2
_ 26NINj + 48N N7 + 949N — 33TN N, + 728N, — 194N} — 1972 (2. G, (7.6}
32N,
26NN + 48N N7 + 949N ; — 337N N + 728N, — 194N — 1972
¢ Uy f vy < S k m mc r r8
_ JE [{Jm, GV AT, G
TN, UGN RUNC )
N2 —10N;+ 16 TN —2N
+ (Ny = 14)dbe 0k + LT — (2 {G* {176} +N—f{ﬁ,{ck8,{ﬂ,m}}}
! i

—6(N; — V{5 {{I7. G} A" G} = (N, + N DS (7.6} )
+ (Ne + NP2 AP AGH TP} + 2(N e + Np){2 {2 2, [T, GX]} )
6N N +2N% = 33N, — 44 6N.N;+2N} = 33N, — 44

T U AR U T (2 {2, [G*, (U7, G }]})
6N N;+2N3 — 33N, — 44 ‘ 6N.N;+2N% — 33N, — 44 ‘
- lng {2 {72, G*), {7, G} ) + 1é§vf (2, {[J2, G*¥), {J7,G"}}}
6N.N, +2N%—33N, — 44
L T R I [, G {7, G
16N,
(Ny+8)(Np—4) o io ONg=4) 3
+ d®c 05 + ———={J* {J*. {G*“ {J".G""}}}}
2N; N
N3 + 6N/ N2 + 12Ny —32
+’"7{J2 {(J2,{G" {7, G"}}}} - fT{ﬂ,{Jk,{{Jncrf},{Jm,cmS}}}}, (BIS)
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d([Dy, [0F, O] + (0%, [DY, O] + (0%, [0F. D5]))
12N (N, + 2Ny)

- N 8BJF —12(N, + N;)d¥ D5 + 2(N; — 2)d¥ D¢ — 6{J*, {T°, T8}}
f

13N (N.+2N;) — 16N, + 8
Ny
— 13(N, + N;)d¥Dke — 15(N. + N){Ds8, {J7,G"*}}
N N (69N Ny — 40N7 — 695N ; — 1032) 4 222N7 + 1983N ; + 4092
64N,
N (69N N; —40N7 — 695N ; — 1032) 4 222N7 + 1983N +- 4092
64N s
N (69N .N; —40N7 — 695N ; — 1032) 4 222N7 + 1983N + 4092
64N
N (69N N —40N7 — 695N ; — 1032) + 222N7 + 1983N; + 4092
64N,
N (69N N —40N7 — 695N ; — 1032) 4 222N7 + 1983N; + 4092
64N ¢

+8(N; + {5 {G™. G} ) — 582, J5}

{‘12’ [ch’ {Jr’ GrS}]}

{12’ [GkS’ {Jr, Grc}]}

{[JZ’ ch]’ {Jr’ GrS}}

{{]2’ Gk8]’ {Jr’ Grc}}

{]k’ [{Jm’ Gmc}’ {J” GrSH}

(2N7 + 7N, +4)
Ny

TN Ny(N. +2Ny) = 56N7 — 8N + 32

4N}

TNZ + 2N, —
+%

8 13 2
N dc8e'DIS<e _ ?{JZ’ {Jk’ {TC, T8}}} + {‘]2, {‘]k, {Gr8, Grc}}}
f

+ % (1IN, + 8){J*, {07, G}, {J", G} }} — 58{J2 {J2, J*})
— TN+ Np)dDle —8(N, + N )2 (DS, {7, 6"}
6NNy +22N7 - 5N, — 1
32N,
6NNy +22N7 —5N; — 1
32N,
6NNy +22N% = 5N, -1
32N,
6NN, +22N7 —5N; — 11
32N,
6NNy +22N7 —5N; -1
32N,
. (N;+8)(N;—1)
4Ny
N 5N7 +26N; -8
4N/

2 r e e

16
{7242 GR AT G}

16
{72 A% G AT G}

6
{72 A2 G {77 G} )

2 fum ey oy

, 7 _ N+ Nf - 16 i
dSephke — g{-lzv {72 {TF AT, T8} )} - T{ﬂ, {72 {5 {G"®,G}}}}

2N%2 47N, -8
T T SS{2 {2 {A TR ) (B19)
2N?

{72 A {I. Grer AT G ) +
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a0}, [0F. 04

3 A 3 . .
=2 (Ne + NP AT G} =5 (N + NP {GH TS = 2N, + N (2, 12 [T, G}
N.N(=91N, + 1433 4+ 16N ;) + 560N, — 4860N ; — 184N?% — 2340
+ f( f) f f {J27[ch’{Jr’Gr8}]}
128N
_ NN(=9IN, + 1433 + 16N) + 560N, — 4860N; — 184N} — 2340 (1G5 (.G}
128N R
N.N;(=91N, + 1433 4+ 16N ;) + 560N, — 4860N ; — 184N?% — 2340
+ f( f) f S {[Jz,GkC],{]”GrS}}
128N,
B NCNf(—91NC + 1433 + 16Nf) + 560N . — 4860N ; — 184Nl}2( — 2340 (12.GM]. {17 G™})
128N, o

N.N(=91IN, + 1433 + 16N ) + S60N, — 4860N ;s — 184N% — 2340
- 128N,

+%(Nf + 1)d8 Ok + % (11N, 4 6){J*, {G* . {J7,G"8}}} —%(SNf +6){J%. {G"®.{J".G}}}
_%Nf{‘]k’ {{]” Grc}’ {Jm’GmS}}} +§(Nc +Nf){12, {Dl£8’ {Jr’ Grc}}}

— TN+ N P AGR TSN = 3 (N, + V) (2 (2 2, 7%, G

3NNy +20N7 + 52N, — 44
64N

3NNy +20N7 + 52N, — 44
64N

3NNy +20N7 + 52N, — 4
64N/

3NN+ 20N} + 52N —
64N

N 3NNy +20N7 + 52N, — 44

64N/

{7242 G AT G}

(UAR AN (CARNCANIY

P G G

44
{72 A2 G¥1AT. G} }

(AR VANIVANCE NN

+—(Nj +4)d3eOk + (Ny + 4){J2 {2 G, {J7, G811}

Bl= N =

(Ny + {2 A2 AG® AT G} - % (Ny+ 42 AT I G} {Tm. G 1)

APPENDIX C: REDUCTION OF FLAVOR 27 OPERATORS

Here, the complete reduction of the operator structure

[AiS’ [AiS’Akc]]

at the physical value N. = 3 is provided. Individual structures read as follows:

. ; 1 1 1 1
18’ GZS’ ch — _ fcBe 8egGkg _ chedSBgGkg 6C8Gk8 chSJk’
G5 1 W=gr7f *3 +Nf +2Nf

094032-25

{5 [ Gmep T, G}

(B20)

(C1)



FLORES-MENDIETA, GARCIA, and HERNANDEZ PHYS. REV. D 103, 094032 (2021)

(G®. 6™ DY]] + [D.[G. 6] + [G™. [DF. 6]
1 1 3 1
— gfcgefgegfl)gg + _dc8ed8egD]2<g _ _dcegdSSEDIZW + _5c8D12cS + che{er’ TS} + _dSSe{er’ Tc}
4 2 2 Ny 2
+ l‘che [Gk8’ {Jr7 Gre}]’ (Cz)
(G*. (6™ DY) + [D.[G*. 6] + (6™, Dy, G
_ _échefSegGkg + Zngffgeg'D];g + édCSedSegD”;!/ _ dcegd88efD§!] + iachDl;S + dCSedSegO];g + idCSS {‘]2’ Jk}
_ 2{(;](57 {Gr8’ GrS}} + 2{Gk8, {GrS’ Grc}} _ 3d”86{Jk, {Gre’ GrS}} + d88e{]k7 {Grc’ Gre}}
1 . )
+ 4d€8€{Gk€’ {Jr’ GrS}} _ che{GkS’ {Jr’ Gre}} + d88e{er’ {Jr’ Grc}} _ EekszCSe{Te’ {]” (;mS}}7 (C3)
(G* (6™ 0K]] + [0, [6%. 6] + 6", [05.G*]
3 1 1 7 7
_ chSefBegGkg + 5 chedSeng/;g + N_508D13c8 + chSefSegO;(g + 2dc8ed8eg0§£/ _ dcegdSSeOI:;g + N_ 5c8013<8
f f
1 1 1
+ N_dCBS{JZ’ Jk} _ {ch’ {GrS’ GrS}} _ {GkS’ {GrS’ Grc}} _ Edcse{‘]k’ {Gre’ GrS}} _ EdSSe{Jk, {Grc’ Gre}}
f
3 1
_ che{er’ {Jr’ GrS}} + EdCSe{GkS’ {Jr’ Gre}} + dSSe{ch’ {Jr’ Gre}} _ EdSSe{er’ {Jr’ Grc}}
3 . )
+Z€klme86{Te,{Jl,Gm8}}, (C4)
(G®. [D3. DY) + [D. [6%. D)) + [DF.[DF'. 6]
3 1 1
— _2fc8ef8egGkg + chSefSegD;f!/ + 5‘}cc8efgeg(f)§!/ + E{ch’ {TS, TS}} + {GkS’ {TC, TS}}
1 . .
— Eekszc‘Se{Te7 {Jl’ GmS}}’ (CS)
(G®. [DF. D] + [D. 6. D] + [DF. [DF. G]] + [D. [DF. GV + [G™. [DF. D] + [DF. 6. D]
— _4l'f686[er, {_]’, GrSH 4 4ifCSe[Gk8, {Jr’ Gre}] 4 2d08€{J2’ {er’ TS}} 4 d88e{]2’ {er’ Tc}}
_ 2d08@{fD12cS’ {]” Gre}} _ d88e{'ch’ {J’, Gre}} + 2{{]r’ Grc}’ {GkS’ TS}} 4 2{{.]” GrS}’ {ch’ TS}}

4 2{{]” GrS}’ {GkS, Tc}} + 2l'f(,‘8€{Jk’ [{Jm’ Gme}’ {j” GrS}]} _ 2if(}8€{{]r, Gre}’ [.]27 GkS]}
+ 2ifC86{J2, [er’ {Jr’ GrSH}7 (C6)

[G®.[DF, 05 + [D5, [G®, OX°]] + [DY. [0F., G¥]] + [0%, [DY, G*] + [G*, [OF, D] + [OF. [G*®. D5]|
11 6
_ 9chef8egD/2<9 + 7fc8(szegl)/‘:H + chedSengZ!J _ dcedeSeD{;g + N_508D§8 + che{J2’ {er’ TS}}
f
1
+ 5dSSe{JZ’ {er’ Tc}} _ Z{fDlzcc’ {GrS’ GrS}} _ 4{D]2(8, {GrS’ Grc}} + che{kaS’ {Jr’ Gre}}
1 : e e
+ §d886{D12a, {Jr, Gre}} _ 2lfc8e{Jk’ [{Jm’ Gme}’ {Jr’ GrS}]} + lche{{Jr’ Gre}, [JZ, GkS]}

_ iche{{Jr’ GrS}’ [‘]2’ er]} _ l'fcfﬁe{‘]27 [er’ {Jr’ Gr8}]} + 21"]“88{.]2, [GkS, {Jr’ Gre}]}’ (C7)

o ‘ 1. 1
[D128’ [DZZS’ Dlzcc]] — _chEfSegDIZW + EchefSegD{ig + 5 {Dlgc’ {TS, TS}}, (CS)
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(G®. [D. DY + [D.[G". Y]] + [D. [DF. 6]
9 c8e £8eqg kg 1 kim r£c8e £8eqg [ 1i (ymg 3 c8e £8eg kg NC- c8e¢ 18eg kg NC' c8e £8egTykY
:_Ef f -G-—ZZG fesef ‘{J,G-}—sz o915 +?lf a9, +?ld 189Dy
1
_EfCSefSegog!}+d08ed8e90§9_Sdcegd8860§9_6{ch’{GrS’GrS}}+6{Gk8’{Gr8’Grc}}

+3dc8e{Jk’ {Gre,GVS}} _3d88€{]k, {Grc’Gre}} —2d€8e{GkB,{Jr,Gr8}} _dCSe{GkS, {Jr,Gre}}
3(N,—6)

+3d88e{ch’{Jr’Gre}}+ i

ekimfese(Te {Ji,G™}} — % ifeSeadesDiy — %Nf ickm s L2 (I, G}
SIS DE (7GR} + ik (G, G {1, G} — iekin ({6, 675). (1,5}
+ie (G {JT {G,G"8}}} —%ie”md"ge{ﬂ‘, (I, {G®, G} }} —%iekim feac pseb{{Ji Gm8Y, (T, T?}}
LG A GV} i G R GRS (07 G 2,6
UL GR (T G 4 i G5 A, GrY]) e ([ (7, G)))
jdfge{ﬂ (G {07, G} +g (G ({07,678} (7. GA)) = S (G ({7, 678 (. G
I G [GH AT GV} e fo (G (G, G} ) 4 S fD e Ol

+2{J2,{GkL,{Gr8,Gr8}}} _2{]2’{Gk8’{Gr8’Grc}}} —3dL86{J2,{Jk,{Gre,GrS}}}
+3d88e{J2 {Jk {Grc Gre}}} +8d086{.]2,{er,{.]r,Grg}}} _dCSe{J2’{Gk8’{Jr’Gre}}}

+3d88@{J2 {er {Jr Grc}}} kszcSe{JZ {Te {Jl Gm8}}}+6{Gk8 {{Jm GmS} {Jr Grc}}}

+2{Jk’ {{Jm’Gmc}’{Grfi,GrS}}} —Z{Jk,{{Jm,GmS},{GrS,GrC}}} _2d08e{Dke7{Jr7Gr8}}

_3d88e{Dl3cc’ {Jr’Gre}} _2€kimfab8{{Ji’Gm8}’ {Ta’ {Grb’Grc}}} —2i€kil[{Ji,GIS}’{{_]’",G”’S},{_]r’GrC}}]’ (Cg)
[GiS [DiS Okc“ [DiS [GiS Okc]] [DiS [OiS ch“ [OiS [DiS ch]] [GiS [OiS ch“ [OiS [GiS,DgCCH

4 chefSegGkg 4 156 ktmfc8ef8eg{]t Gmg} 4+ — chefSengg + SdCSedSengg 4dcegd88eDkg

+§ N, ifese dge_ng;g +§ N, id<se fSegD];g__ fese fSegO];g_E Jese dSeyO];g +E dcegd8860§9 + i ds8{J2, Jk}
— 13{G*, {G"8, GrS}}+13{Gk8 {G"8,Gr}} - 9dc8e{Jk (G, G} +2 d88e{]k {Gre, GV}
— 13d8e{Gke, {J7, GrS}}+ che{Gk8 {J7.Gr}} - 3d88e{ch {J7,G™}} + 13d88¢{Gke, {J7, G }}
—%(3Nf + l)ekimeSe{Te’ {Ji’GmS}} __l-fcsedSegDiy _Zijvfl-ekimécswz’ {Ji’GmS}}
RIS G 4 L i (G G I G 4 S (G G (.6
_gierim{GkS’ (. {Gic’Gm8}}} _ZierideSe{Jk’ (7, {GB, G}y _giekimfcaefSeb{{Ji’Gm8}’ (19, 7"}
53

_@ifCSe{Jk’ [{Jm’Gme}’{Jr,GrS}]} fLSe{{Jr Gre} []2 GkS]}+ fLSe{{Jr GrS} [J2 er}}

+ %ifCSe{JZ’ [er’ {Jr’ GrS}]} _ %ifCSe{JZ’ [GkS’ {Jr’ Gre}]} +chge{‘]2’ [er’ {Jr’ GrS}]}
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= L (G, G} =[G (7, G (. GRY)] = GRG0, 6]

_{{Jm Gmc} [GkS {Jr GrS}]}+ ktmfceafeSb{{Jl GmS} {Gra Grb}} +2f086f8eng(I+3d68ed8egpk(/
_ 2dcegd886D15<.‘1 +1\?f§c8DI§8 + dcsedsegolscg +15fdc88{‘]2’ {JZ’Jk}} _ 6{J2, {ch, {GrS, GrS}}}

1 6{J2,{G", {GS, G I} — 5d8e [ J2, {JK, {Gre, G} )} — d3e{J2, {Jk {Ge, G} )}

—TdSe L J2, {GRe {J7, G} )Y — deSe{J2 {GMS, {J7, G} )} — 10d88¢ {2, {G¥e, {J7, G™}}}

= e PP AT AT G} + 13(GA ({7 G (7 G = 13(GR (107, 67 7. G )

_6{Jk {{Jm GmL} {GrS Gr8}}}+ 3d68€{'Dk6,{J7‘ GrS}} + SdSSE{ch’{Jr Gre}}
€k1mfab8{{Jt’Gm8}’ {T“,{Grb,Gn}}} + lllé‘kll[{.]l,GIS},{{Jm,GmS}, {Jr,Gn}}], (CIO)

(G*. 05 0¥ + [05. 6™ 4] + [03. [03. 6]

4

15 3., , 25 1 SN,
— chSefSegGkg _ 3_2 iektmchefSeg{Jt’ Gmg} + chSefSegD;{!} + 5 chedSeng];(] _ T c ifc83d82gD§9

45N 1 35 11 9 12
_ e ichefSegD/?:y 4+ — 5C8D1§8 + _chefSegO/?:g +— dc8ed8eg0§!l _2 dcegd88e013<g + _50801358
64 Ny 2 2 Ny

d688{J2 Jk}+3{GkC {GrS GrS}} 5{Gk8 {GrS Grc}} che{Jk {Gre Gr8}}

3 9
+ zdSSe{Jk’ {Grc’ Gre}} + 2d686{er’ {J” GrS}} + Edc’Se{GkS’ {Jr’ Gre}} + EdSSe{ch’ {Jr’ Gre}}

3N, + 32
16
9 . )
ktmé‘cS{JZ {Jl GmS}} lche{Dke {Jr GrS}} _ ktm{{GrB’ Grc}’ {]’, GmS}}

_ . 45
_ 6d886{Gk6, {Jr’ Grc}} + ektmeSe{Te’ {Jl7 Gmg}} + - l'fcgedgegpi!}
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APPENDIX D: OPERATOR BASES FOR FLAVOR 8 AND FLAVOR 27 REPRESENTATIONS

Loop graphs [Figs. 1(a)-1(c)] contribute to the renormalization of the baryon axial vector current in the way indicated by
Eq. (22). The pertinent flavor 8 and flavor 27 operator bases can be organized into n-body operators for n =1, ...,7.
Constructing these operator bases is a rather involved task, because all participating operators must be linearly independent.
Constructing complete operator bases is far beyond the scope of the present paper.

The operator basis for the flavor 8 representation can conveniently be chosen as

011<c — deBeGhe,
013cc _ dCSeDlzce’

Ok = {G*. 1},

0/7<c _ cheD/’;e’

Oéc _ {ch’ {Jr’GrS}}’

Off = {4 AT, T},

o1 = 64{J2, J*},

Ol = {Dk. {7.G"}},

Off = {72, {G*. "},

Ol = {2.17°.[T*, G|},

Ok ={72.1G* 7. G}

Ok = {172, G). {77, 6"},

0% = ar*eD¥:,

0% = {7 {G . {". G }}}.

0% = {2 (AT, T"}}),

0% = (I {{I". G} A7 G},
0% = d*“Dy;.

Ok = 2. (D77, G 1}

Ok = {72 AP G T},

Ok = {72472 [G*. {77, G} ).

Oke = 58k,
O = {ar.1%),

Of = [12[1%.G¥])

Oke = gese ke,

Ol = {GH.{1.G"}).

Ol = (. (G".G"}).

Ok¢ = gesephe,

Ol = (DS {17.G"}).

Ol = (2. {G". 1)),

Ok = (2. [6*. (1. G}

Ol = {26 {17.G")].

0% = (A [(7.G") {77, G},
0% = a0k

O = {2 {G".rr.a"}}).

0% = (241 (G, G*}}).

O = 55 (1%. (2.1},

0% = (2. {Dy. {77.G™))).

Ok = {21 1G. T},

0% = (2. {12 [, G
Ol = (2. {21 (7. G} ]} ),
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Ol = (. {12.GH. (7. G} ), 0l = ({12, (.G} ).

Ol = (2L G (1. GY}). Ol = aseny

0l = a0, Ol = ({7 (G (1. G )},

0l = {2 {72 AGE {77, G 1)), Ol = {2 AP AP AT T},

Ol = (2 {1 AP (G, G 1)), 0% = {2 AL G (. G 1),

0% = 682 {2 {2, J*}} .

For the flavor 27 representation, the construction of a linearly independent operator basis becomes more difficult because
of the considerable number of operator identities among them. Some of these identities can be outlined as

ifc8ed8egGkg + ichefSegGkg _ ﬁchedSegDIZC!l + ]\JLchefS»eg])/;g7 (Dl)
{DES{T¢, T8} } = {Dke, {15, T8} } + fe8e fSeoD? = 0, (D2)
ichefSegOI;y + iched8e90§9 =0, (D3)

TABLE VI. Matrix elements of flavor singlet operators.

np EEA Ap = n EA B30 =0+
(85 : 7 -~/ 6 e e :
(85) 3 0 1 = 13 2 :
(s%) ] : W : 13 NG ;

TABLE VII. Matrix elements of flavor 8 operators.

np BEA Ap > n B A =230 B0zt
<0kc> 5 1 1 1 __1 5 __5_
1 63 3V2 42 123 122 126 123
(O%¢) L 0 1 1 1 1 e
3 23 42 4/3 42 4/6 4/3
(Oke) 5_ 0 —3_ L L 5 5
4 2V/3 42 43 42 /6 4/3
k 1 1 5 1 1
(0%) w7 0 e -4 33 B 3
(o
(07 g 7 W “wa i e Wi
o 5 0 7 7 R 7
(of) V3 0 -3 - e -3\ -
2 2
<Okc> 5 _ 1 3 A 13 __5 _ 5
11(2 4? V2 8\{2 8? sl\? 8v6 8?
(075) ¥3 0 33 -3 3 1 \/5 -3
4 82 8 8v2 —3\/2 8
o) uf 0 - R I Y
8 2
ke 3 27 3
(0%) 0 3 Tov3 e ~Toss N -253
ke 3 27 3
(050) 0 3 ~iovs - o3 5.f3 58
ke 3 27 3
024) 0 7 i § i -2./3 -2
k 9 15
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Matrix elements of flavor 27 operators.

TABLE VIIIL.
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(Table continued)
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TABLE VIIL (Continued)

np ZEA Ap = n E-A 230 =0+
(%) 0 0 Ny is 3\ T 15
) ’ S 1Y Y T ¥
(T55) 0 0 _z \/% -~ 5 \/% 75 15
ke 1 25 25
Tei) ’ e -3\3 e 5 i 2
ke 1 25 25
e ’ -4 a3 W —5\3 B -5
(i) 0 o s 2 5 i 25 z
(Té) 0 0 IV S NV - T
(rs) S -nh — N e 7
(8s) 0 3 2 N .
(755) Ve 5 1 i s
(7%5) 0 W 2 N . s
(T5) i 0 -14/2 -3 23 o :
(7S g o s e 2 e i
(rs) : R N = :
(T§) -3 0 -3 -3 e o 3
(Tl : N 2
(ris) § 0 BN 5 N & 2

i c8e J8eg DKo i dese f3egpko — L. c8e J8eg DKo 1 i dc8e £8egpkd D4

Ef 3 T3 JPDy —N_lf s Tyt 129Dy, (D4)

c c

ichefSegOg‘g + ichedSeg(f)lgg —0. (DS)

i c8e J8eg ko i Jde8e r8egpka — . c8e J8eg DKy 1 8¢ r8eapka D6

Ef 5"’5 f 5 —N_lf 6+N_l f 6 (D6)

c c

[GkS, {{Jr’ Gr8}’ {Jm’ Gmc}}] _ {{Jr’ Grc}, [GkS, {Jm’ GmS}]} — {{Jr’ GrS}’ [GkS’ {Jm’ Gmc}]} (D7)

dCSe{Dlge’ {J”, GrS}} _ che{DkS’ {Jr’ Gre}} — O, (Ds)

d88e{D1§c’ {Jr, Gre}} _ d886{D1§e’ {Jr’ Grc}} =0. (D9)

The above list, however, is not exhaustive at all, but it helps identify some linearly dependent operators. After a careful
analysis, the operator basis for the flavor 27 representation is conveniently chosen as
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Tke = fpese fBeg Gk,
Tk = 538G,

Tlscc = fe8e fSegDIZCQ’

T17cc — Jees dSSeDSQ’

Tk = gese{Gke, T8},

Tke = jkim peSe fBeg( ji GmgY,

Tl = if (G .6

Tlfg — Je8e dSegD/?fg’

Tk =i f"sedge«‘iD];g,

Ty = 55

leci- — (<8 dSeg@lgg’

T = 5508

Th = {GH {13, T8},

Tl = (G {G".G™}).

Tl = d*e {1 {G". G},

T = de{GH. {17,

Tl = e {GH. (17,67},

Tk = ehim pese (e {Ji Gm8Y1},

Té‘? — (e8¢ dSegD/i.(l’

T4 = if S dssDy,

T = (T,

T = {7 7h)

Ths = {Dk (T8, T},

Tl = (D {G. G},

Ths = e {Dk {47, G},

T = {7, G L AGH. T,

Tl = {({77.G*}{GH. T3},

Tl = i {167} (G G,
TY = ie"™mdSe{J* {J".{G® G} }},
Tl = if S (A (. G) {0 G,
T = i G 2. G)).

T = (2. 75),

Tl = d(2,[GH.{17.G})).

Tl = (68 {06} (7.6}

Té; — iekimfceafeSb{{Ji’ GmS}’ {Gra’ Grb}}’

ke _ jc8e j8e kg
Tk — (o8e 8es Dk,

Tk = dese 8eaGh,

Tk = dess Jk,

Tl6<c — Jcse dSegDIZCH’

Tk = 58DI8,

Tk = @88 {Ghe, T},

Tl = if (6. (7.6
Tllci = fese fSeg'D];g’

Tllcg _ dcegdSSeD]?:!]’

Tllcg — jdese f8egD§g’

T12<6 = fe8e fSegO/;g’

lec% — dcegd88e(/)§!]7

T = dS8{J2, J¥},

Tl = (G4 (T 1),

Il = {G*. 6.6,

Tl = (1. {G". G},
Tl = d*{GH. {17.G")}.
Tl = S (GH (1.6},
Té‘g = fe8e fSegDicg,

ng — Jcey dsseDﬁ-",

Tl = 5Dy,

Tis = (12745},

Th = iehims8{J2 {J',G"8}},
Tig = (D {G™. Gy},

T = dS (D, {7, G,
T8 = if e { Dk {07, G}
Tl = {07, L AR T},
Tl = i {7 6™ (G 67,
Tl = ieGRI {6,

Tlscg — iekimfcaefSeb{{Ji’ GmS}’ {Ta’ Tb}},

T = i G 1 G,
Tis = (2.7l

Th = dS PG AT G

Tgs = [G* {40, 6"} 4. G 1,
Ty = {7, 6"}, (G407, G},
T% = fe8e fSegDISC!]’

ke _ jceg 188eykg
Tk — doea s8¢l
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Tl%- = jfese dSe_qD]sW’

T = 58

TI% — Je8e dSegOIS‘!],

T = 5908,

T = {72, Tis}h

T = {2, 75}

Ty = {J2. 75},

T = {2, T5}

T = {2, T5s)

7§ = {2, T5s)

73§ ={G*.{{J".G"}.{J7.G"}}}.
g5 = {7 {{I". G} {G". G} ).
T ={DF AT*.{J7.G"}}}.

Ts5 = ¥ {Dy . {J".G"}}.

TG, = ietmde {2 AT {J', G} ),
Tllc83 = fe8e fSegDIg.fl’

Tllcgs — Jce9 dsseplég’

T = 5Dg.

Thy = 12 2. Tho)),

T, = {274,

T, = {72, 7S

TII“I‘S = {7 TIS((C) ’

Tl = (2. 74},

Tliy = iel™ {2 (T, T} 07, 6"} )},
T, = e (2 {{G™, G T, G
T]f§3 = {JQ’ Tlscg}

Tis = {2.75).

iy = (2,78,

Tl = {2 A2 Ti5} ).
Tl = (D4 {10, 6"} {07, G,
Tisy = {2 Tl
T = (A1l
Tlf§7 = {Jz’ Tég}’

ke __ ,jc8e j8e kg
TS = d°°d°*9D5,

TI;Z — jdese fSeyDISCQ’

T’;g — fe8e f8690§97

Tl7c§ — dees dsxe(/)lgg’

Th = A2, {2, 4,

T = {2, 7%,

T = {2, T4,

T = {7

T = {2, 7%,

T = {278,

Tl = {G*. {{/". G} {77, G 1),
Tl = {J ({7, G (G G,
Tl = (D T, {77, G*}}).

i = d (DY {1, G,

Tl’lc(c)0 — ekimfabS{{Ji’ GM8}, {Ta, {Grh, Grc}}}’
T, = ie[{.GP). ({7,675} (7.6

T’f84 — (e8¢ dSeyDIg!/’

Tllc(c)ﬁ — jfe8e dSEgDIgg’

Tigs = {72 {°. T5 1,

Ti5o = {2 Tis},

TS, = {72 T},

T, = {2 Tig},

Tlffe = {Jz’ T]_‘j? ’

T]ffs ={/ T’§§}

Ty = i {2 {{G". G"}. {J'. G""}}}.
Tis, = ie (2. Th).

T]f§4 = {Jz’ TIS(E}

it = (2.75).

Tiss = {72 {2 Tis}},

Ti5o = {Dy. {{". 6"} {J". G},

Ti5, = i€ [{T%.{J". G"*}} {2 {J". G"}}.

T, = {12 TE}
Ti% = {/*. Te3}
TII(§8 — che‘fSegD/;!]’

ke _ gceg j88e kg
TG = d9d°°° D5,
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Tl = 54

Tl = a0,
Tke, = 580k,

Ty = (2. (2T,
Ty = (2. (2. 7)),
Tis = {2 A2 T3
Tig = {2472 T}
Tiss = {72472 T},

rigy = (. 755). Tl =
rig, = (. 755). T =

T]fgl = {JZ,TSS},
T]fg3 = {sz T]fﬁz}’
ch

158 —

Tllczz = fe8e fSegO];Q’

T11<24 — dees d885017<§’

Tihe = {72 {2 {2 Tic}} ).
Tigs = {2 {J2. T5}

T = {2 {7 T3}

Tis, = {2 {/°. T}

Tis, = {2 {7 T5}

TS = {2 T55 ),

{72753}

{72. 755}

Tlfgz = {JZ’ Tlf(c)o}v

Tigs = {D5 . {{/".G™} {17 G},
t6s = i€ {2 AT AT [GRAG™ AT G

Nontrivial matrix elements of singlet, 8, and 27 operators between SU(6) baryon states are listed in Tables VI-VIII,
respectively. Subsets of m-body operators {X,,} yield trivial matrix elements in two possible ways: either (X;) =0 or
(X;) = ({J>.X,;_»}). Trivial matrix elements are not listed in these tables.
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