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Abstract: The Q° baryon is unique among charmed sextet baryons because it decays through the weak interaction.
In this work, we investigate the topological amplitudes of Q decays in the SU(3), limit. The complete set of tree-

and penguin-induced diagrams contributing to Qf decays into decuplet and octet baryons is presented. The linear re-

lations between the topological amplitudes and the SU(3) irreducible amplitudes are derived through tensor analysis.
Several isospin relations are obtained, and additional relations are derived to test the Kdrner-Pati-Woo theorem.
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I. INTRODUCTION

Charmed baryon decays play an important role in
studies of nonperturbative baryonic transitions. The Q°
baryon, as the only sextet baryon that does not undergo
strong decays, provides a complementary counterpart to
the antitriplet baryons (E2,E!,A}). The QY baryon exhib-
its favorable symmetry properties. Some decay channels,
such as Q° — Q7 n*, receive contributions only from a
single color-favored emission diagram, making them
ideal candidates for investigating baryon decay dynamics
at the charm scale. Compared with the 85 — B,0M de-
cays, the Q0 — B,yM decays allow us to extract the ratios
of the annihilation amplitudes to the emission amplitude
from experimental data, thereby providing further dynam-
ical information on charmed baryon decays. In recent
years, experimental collaborations such as ALICE [1, 2],
Belle [3—5], and LHCb [6] have measured Q0 decays,
providing an opportunity to extract information on the
underlying decay dynamics of the Q° baryon. From a the-
oretical perspective, QCD-inspired approaches, including
QCD factorization (QCDF) [7—10], the perturbative QCD
approach (PQCD) [11-14], and soft-collinear effective
theory (SCET) [15, 16], do not work well for charmed
hadron decays because the expansion parameters a,(m.)
and Agcp/m, are not sufficiently small. The decays of Q¢
have been extensively studied in dynamical models, in-
cluding the factorization and pole model [17-21], vari-
ous quark models [22-30], and QCD (light-cone) sum
rules [31-33].

Apart from model calculations, it is also useful to in-
vestigate Q¥ decays within the framework of flavor
SU(3) symmetry. The topological diagram approach is a
useful tool for studying heavy-hadron weak decays based
on flavor SU(3) symmetry [34—39]. It provides a frame-
work for both model-independent analyses of experi-
mental data and model calculations. Topological dia-
grams have already been applied to the study of Q0 de-
cays [40]. However, some important issues, such as the
complete decomposition of the topological diagrams for
Q0 decays and the corresponding linear relations, remain
unresolved. Because Fermi statistics require the overall
wave function of the three-quark state to be antisymmet-
ric, the flavor and spin wave functions of baryons are of-
ten coupled. Consequently, the topological diagrams for
baryon decays fall into two or more distinct sets owing to
the different spin wave functions. In Refs. [41—43], we
developed a theoretical framework to analyze the topolo-
gical amplitudes of heavy baryon decays in the SU(3)r
limit. In this work, we extend this framework to Q de-
cays. We analyze the topological amplitudes for the
Q0 - BjoM and Q) — BygM decays in the SU3)r limit.
The relations between the topological amplitudes and the
SU(3) irreducible amplitudes are derived. In addition, we
perform phenomenological analyses of Q° decays based
on topological amplitudes.

The rest of this paper is organized as follows. In Sec.
I, we present the topological diagrams contributing to the
Q0 - B;yM and Q! - BsM decays and derive the linear
relations among them. The phenomenological analysis is
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presented in Sec. III. Sec. IV provides a brief summary.
II. TOPOLOGICAL AMPLITUDES

A. Q)5 B\\M decays

The effective Hamiltonian for charm-quark decays
can be written as [44]

G . :
He = 71; {Z chl Vu(iz <; C’('U)OI(IJ)>

q=d,s

6
~ ViV (Z C0w) + cngu)Ogg(m) } )

i=3

where Gy is the Fermi coupling constant, and C;(u) are
the Wilson coefficients of the operators O;(u). The mag-
netic penguin contributions can be incorporated into the
Wilson coefficients of the penguin operators through the
following substitutions [7]

() 2m? g
Cas) = Caslh) + g s Cig (0,
() 2m?
Cas(pt) = Cas() - “’8(7’:) JJ; Ce (1), @

with the effective Wilson coefficient C§§=C3g+C5.
Charm quark decays can be classified into three categor-
ies according to their Cabibbo suppression: Cabibbo-
favored (CF), singly Cabibbo-suppressed (SCS), and
doubly Cabibbo-suppressed (DCS) decays. These cat-
egories have the following flavor structures:

¢ — sdu, ¢ — ddu/ssu, ¢ — dsu, 3)
respectively. Within the SU(3)r framework, the weak

Hamiltonian for charm decays can be written as [45]

3
Ha= > HOP", @)
p ijik=1
in which
G
o = 7; > C@a@e). ®)

color current

Here, ng)k denotes the four-quark operator carrying the
Fermi constant G and the Wilson coefficient C,. The su-
perscript p on ng " denotes the perturbative order in the
effective theory. In the Standard Model, p=0 and p=1
correspond to tree and penguin operators, respectively.

For each value of p, there are 27 distinct operators Of-;’ .
The coefficient matrix H® is a 3 x3x 3 matrix. The col-
or indices and current structures of the four-quark operat-
ors are summed over because, once the flavor structure is
fixed, operators with different color and Dirac structures
always appear together. The coefficients (H”)}; are ob-
tained from the following mappings: (iig:)(G2c) = Vi, Vg,
for current-current operators and (gq)(ac) — -V, V,, for
penguin operators. The nonzero (H“)j; induced by tree
operators are

(H(O))%3 = V:;-Vuzh (H(O))%z = V:dvud9

HONy=ViVis,  (HOYy = VgV (6)

The nonzero components (H");; induced by the penguin
operators are

(H) ==V Vi, HY ==V Vi, (HD) ==V Vi

(M
The charmed baryon sextet is expressed as
S O
c 2 c 2 c
B = LZT X0 LE’io (8)
& ﬁ c & VE c *
LE*-%— LE*O QO
\/5 c \/E c C
The light pseudoscalar meson nonet is
1, 1
—+ ——= a* K*
V2 6" | |
M = b —_— + —= KO
\/z i \/ETIS
K- K — 235
1 m 0 O
+— 0 0
V3 "
0 0 m
)

The pseudoscalar mesons 7 and 7; are not mass eigen-
states. Instead, the mass eigenstates # and 1’ are mixtures
of UK and M,

mo C?Sf —sing o) (10)
n siné  cosé 7l
The light baryons form an SU(3) octet and decuplet. The
light baryon decuplet is given by
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1

A=gl, N =B Q=B 0= R BReB BN B B,
1 1 1
A= @SB, A= @B B, X = @ B B,
_— zo_ 1 g L
= $(Bf§3 +B+8y0), EY= %(B +Bl’+8%), B = ﬁ(ﬂff + 815 +B3). (11)

The amplitude for charmed sextet baryon decays into a decuplet baryon and a pseudoscalar meson is

ABes = BioM) = A((Beo)isHy MLBY + Ax(Beo)isHly M Bl + As(B6) Hiy M., Bl
+ Ay(Beo)i i HE MBI + As(Beo )i H M. B + Ag(Bg )i Hi M  Bilm
+A7(Beo)i HLM" B + Ay(Bo)i i Hiy Mi BX" + Ag(Boe )i HLyME B!
+A10(Beo)ii Hy MiBYy + A1y (B Hy M B + A1y (Bo) Hy MY BT

+A13(Beo)i Hy M By

Each term in Eq. (12) corresponds to a topological
diagram, as shown in Fig. 1. The first seven diagrams in
Fig. 1 do not involve quark loops, whereas the last six
represent quark-loop contributions. The tree-induced and
penguin-induced amplitudes can be obtained by inserting
the tree and penguin operators into these diagrams, re-
spectively. In this work, the penguin-induced amplitudes
are denoted by a superscript P to distinguish them from
the tree-induced amplitudes. The topological amplitudes

(12)

for the Q¥ — B,,M decays are presented in Table 1. In
total, 10 tree-induced diagrams (A; ~ Ajp) and 13 pen-
guin-induced diagrams (A? ~ AL,) contribute to B, —
BioM decays.

The topological diagrams listed in Eq. (12) form a
complete set. This conclusion follows from the following
counting argument. For 8, — B,0M decays, each term in
the amplitude contains five covariant and contravariant
indices. Thus, the total number of possible contractions is

C ;4@ j ° - .

| ; ) ; g \ " ) .

| =Y
P ) f ( ) ) : ]

Y, L =D e S

=5 /9 B B

Fig. 1.

Topological diagrams contributing to the decays of charmed sextet baryons into a decuplet baryon and a pseudoscalar meson.
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Table 1. Topological amplitudes for Q% — B,,M decays.
channel amplitude
Q0 — =g’ (A2 +Ay)
c V3 1(A2+Ay
QA ->Qr LA,
0 o 1 1 1 P AP L AP L AP P
Q) - IK ﬁ/ldAg + ﬁﬂx(A_; +As+Ag)— ﬁ/l,,(A3 +AL +Ag +Ag +3A7)
1 1 1
Q- TR’ %/lﬂ(fh +Ag)+ %/L;(& +As+Ag)— %/lb(Ag" +AP+ AL + AL +3A%)
1 1 1
Q0 — =070 %/ld(—Az +Ag) + %/IX(A(, +Ag) — %/lh(Ag +AL+ AL +3A0)
1 1
Q? — E*O]’ls ﬁﬂd(Az —2Ag +A9) + ﬁ/l;(—zAz - 2A3 —2A4— 2As +A¢— 2Ag +A9)
—ﬁabmg —2AP —2AP + AP —2AP —2AL + AL —6AT, +3AD))
- 1 1
Q0 — =0, 5/1"(142 +Ag+Ag+3A10) + g/lJ(Az + A3+ Ay +As+Ag+3A7+Ag+Ag +3A,)
1
—g/lb(3A{°+A§’+A§+Af+A§+A§+3A‘7°+A§’+A§+3A{’0+3Afl +3A7, +9A)
1 1
Q- =gt %/L,(Al +Ag) + ﬁ/lx(Aﬁ +Ag)— %/Ib(Ag’ +ALZ+ AL +3A%)
Q- QK AaAo + A(A1 +Ag+ Ag) — L, (AY + AL + AD +3A%)
1
Q0 > A*K- —AA;
( V3
Y 1
Q0 — A'K $/12A3
0 o+~ 1
Q- = ﬁfles
0 00 1
Q) — X% ﬁ/lz(—As +4A¢)
1
Q) — X 5 (243 =244+ A5+ Ao)
1
QS - Z*OT]] ﬁﬂz(Az +As+As+As+3A7)
0 — 1
O - gt S5
Q" — 5K° L s+ 49
c - \/§ yACE Y 5
Q0 —» =Z-K* L/12(141 +Ag)
c \/g

5!'=120. Because the charmed sextet baryon has two
symmetric indices (B =8’) and the decuplet baryon
has three symmetric indices (B =Bl =B = BI =
B’fg’ :B’f{f), the terms A;, A4, As, Ag, A7, Ag, and A, in
Eq. (12) each correspond to 12 permutations, whereas the
terms A, A,, Ag, Ay, A2, and Az each correspond to 6
permutations. The total number of permutations is there-
fore 7x 12+ 6x6 = 120.

In the SU(3) framework, the weak operator Of.‘j is de-

composed as
Ok k \lk k 3 1 ’
£ = 0(15)+ €,06)" + 6" (§0(3),- - 306 )
3
+6' (50(3 ) — §0(3)f)' (13)

The nonzero coefficients induced by tree operators in the
irreducible representations of SU(3) are given by

013102-4



Topological diagrams of Q0 decays in the SU(3)Fr limit

Chin. Phys. C 51, 013102 (2027)

H(o) (6)22 - _ V:s Vud H(o) (6)23 — V:d Vud - Vc*s Vus H(O) (6)33 — V:d Vus
2 b 4 b 2 b
VeiVua + Vi Vs ViV ViVus
H(O)(15)i —_ ' d4 cs , H(O)(15)§ — “2 d, H(O)(15)Tz _ “12 i
3VeVia—ViVus 3ViVius—ViVia . .
HO(15), = ——et HO5)] ==« HOG) = ViV + ViV (14)

The nonzero coefficients induced by penguin operators in the SU(3) irreducible representations are given by

HY(3), ==V, Vi,

HY(3), = =3V, V. (15)

The SU(3) irreducible amplitude for the 8,4 — B;oM decay can be expressed as

ﬂIR(BC() - BIOM) - als(Bcé)t/H(ls)k M] l]m +a6(806)in(6)§li I1j(’)n +a25(Bc6)th(15)k1Ml Bll{gn

Im

+al(Boe)i i H(15)E, MBI + 013 (Boe )i H(15)], M Bk + az(BL(,),jH(6),dM’ B
+ a5 (BCG)in( 1 S)k[M::Blkl + a] (Bc6)1]H(3)ij Bllk()m + az(Bfé)th(3)kMk Um
+a3(Boo)i HOWMEB +a; (Beo)iyH(3 MLBE" + a3 (Beo)iH(3 ML B

+a¥ (Be)ijHB MBI,

The relations between the SU(3) irreducible amp-
litudes and the topological amplitudes for B. — B;0M
decays are derived as

al —A1+A2, LZ?:A]—AQ, a2 —A3,
613 =A4, 015=A5 +A6, §=A5—A6’ a;S:A%
1 1 3 1
=-A3+-As+-As—-Ag+A
aj g3t gAetgAs =g he 85
v 1 1 1 3
1 4A3+4A4 8A5+ 8A6 +A11,
3 1 1 3
3= A - -Ay— cAs+ SAg+A
a 3 3 g/s T ghet Ao
, 1 3 3 1
3
> =—<cA+ A+ -As— S Ag+Ap,
a gt gzt gds—ohe 12
1 3 1
ag=—§A1+§A2+2A7+A|0,
;3 1 1
a = §A1—§A2+1A7+A13- (17)

Note that the 3-dimensional representation 3’ is ab-
sent in Eq. (14), and the 15- and 6-dimensional represent-
ations are absent in Eq. (15). Moreover, the coefficient
matrices of the 3-dimensional representations, including
H®@3), HY(3), and H"(3"), contain only the first com-
ponent. Owing to the unitarity of the CKM matrix,
we have HO3), =VV,+V:V,=-V;V,, and thus
H(O)(?))] . H(l)(3)| . H(l)(3 )] = _VcbVMb . —ijV,,b 13 :qub .
The SU@3) irreducible amplitudes involving H®(3),
H®3), and HV(3") appear in the following fixed com-

(16)
I
binations:
a™f =dd+a +34]F,
" =d+d +3437,
3 ,
" =a+all +3a3". (18)

According to Eq. (18), the penguin-induced SU(3) ir-
reducible amplitudes always appear together with the
tree-induced SU(3) irreducible amplitudes a3, a3, and a3.
Thus, the penguin-induced amplitudes have no independ-
ent degrees of freedom. Substituting Eq. (17) into Eq.
(18), we find that the penguin-induced diagrams Af ~ Af;
appear together with the tree-induced diagrams Ag, Ao,
and Ay in the following fixed combinations:

AT = Ag+ AL + AT + AL + AL +3A%,,
AP = Ao+ AS + AL + AL +3A1,,

AlFP = A+ AT + AT + AT+ 3AT,. (19)

Ultimately, 10 independent amplitudes contribute to
B = BioM decays. In the SU(3)r limit, all penguin-in-
duced diagrams and tree-induced diagrams involving a
quark loop make negligible contributions to the branch-
ing fractions, since |V} V|l < |V, V.ul and [ViV,.
However, they are not negligible in CP asymmetries be-
cause of the large weak phase of the CKM matrix ele-
ment V.
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B. Q) — ByM decays

There are two octets that are symmetric and antisym-
metric under ¢, & ¢, denoted by B and 8§, respect-
ively. The light baryon octets 8§ and B; canbe ex-
pressed as tensors with three covariant indices. 85 is giv-
en by

1 1
2+: 28113—83” _3131)’ — _23112+8211+8121),
76( 8 8 8 p 7\/6( 8 8 8
1 1
Yy = _28223+B322+8232 , n= ZBZZI_BIZZ_BZIZ ,
\/6( 8 8 8 ) \/6( 8 8 8 )
1

1
— %(28532_8?3 —823;23), EO —
1

Vi2

1
A() — E(Bé:ﬂ _B§3I + Bglz _ B;Zl)’

——
=)
—

\/6(_28231 +Bé33+Bg]3),

z() (822] +B§3I +8§|2+Bé32_28é23_28513),

(20)

and B is given by

1 1
E+ — $(Bgll _Béfﬂ)’ — %(Béﬂ _Béll)’

- L
V2

L

> v

(8532 _8322)’ n (BéZZ _8512)’

= = %(3533 —8223),

EO — %(8313 —Bgl;33),

¥ = (BB B -8,

A’ = L(zz%g“ =287 + B8P - B+ B2 - B, (21)

Vi2

According to the requirement of quantum statistics
that the overall wave function of the three-quark state be
antisymmetric, the combined flavor-spin wave function
must be symmetric under the interchange of any two
quarks. The mixed-symmetry combinations ¢gys and
daxa are both symmetric under the interchange ¢; < ¢».
However, neither combination alone has definite sym-
metry under the interchanges ¢; < ¢; and ¢, & ¢3. Only
the equal-weight linear combination ¢@sys+@axa IS
totally symmetric under the interchange of any two
quarks. Because of the different spin structures of the two
octets ¢s and ¢,, the topological diagrams for charmed
baryon decays into octet baryons fall into two distinct
sets. For clarity, we label the topological diagrams for
charmed baryon decays into 8§ and B3 with the super-
scripts S and 4, respectively. The topological amplitude
for B, — B5 M decays is constructed as

A5 (Bos — ByM) = B} (Boo)i i Hi ML (B3 + B3 (Buo)ij Hy ML (B3)™ + BS (Beo)i Hyy ML (B )M
+ B (Buo)i Hy ML(B)"™ + B (Bo)ijHy M (B5)™ + By (Buo )i Hiy ML(B3 )™

+ BS(Beo)i Hy M (B3 + BY (Bo)ij Hy M (B3)™ + By (Bo)ijHy M (B3)™

+ Blo(Beo)ijHiyM,,(B5)"™" + B (Beo)ij Hy M, (8™ + Biy(Beo)ijHyy M, (B3

+ B3 (Beo)iiHigM,,(B5)" + By y(Beo)i Hi M, (B5)" + Bis(Bes)ijHyy My (85

+ Bio(Beo)iiHiy My (B3)™ + By (Beo)i Hyu M, (B5)" + Big(Bes)iiHyy M, (B5) ™"

+ Blo(Beo)iiHigM,(B)™ + Bay(Be)ijHiy M, (8™ + B3y (Beo)iHigM,, (B5)™

+ B (Beo)iHig My (B3)" + B3y (Beo)ijHy M, (85" + By (Beo )i Hy M, (B5) ™

+ B3s(Beo)i M (B3)™ + Bog(Be)ijHy M, (B)™ + By7(Boo)iHy My (B5)"™

+ B3y (Beo)i Hy ME (B3 + Bo(Boo)ij Hi M. (B3)' ™ + B3y (Beo)ijHy ME (B5 )™

+ B3 (Beo)iHuMip(B3)"* + B3y (Beo)i i Hy My (B3)7" + B3(Beo )i Hy M (B3, (22)

and the topological amplitude for the 8., — B4 M decays is constructed as
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FN(Bes = BgM) = B (Bo)ijHy M, (B3 + By (Beo)i Hyy M, (B + B (Beo)i i HiM,, (B5) Y + By (Beo)ijHyy My (85) ™"

+ B2(Bo)i Hiy M (B ™ + B (Be)i Hy ML (B)™ + B2 (Boo)ij Hy M (Ba)™ + B (Beg )i Hiy ME (B )™
+ B3 (Beo)iyHig M, (B)"™ + Blo(Beo)ijHiuM,, (83" + By (Beo)ij Hi M, (B)™ + By (Beo)isHi M, (B3)™
+ By (B Hiy ML (B + Bly(Boo) HME(BY + Bls(Bo) Hiy M BV + Blo(Bo) i Hy MU B
+ BBy Hy My B + BBl HyM,, (B + Bly(Beo) M, (B3)™
+ BBy Hi M (B + B (B Hi My (B + BB HMi(B})"
+ BB Hi M, (B + B (Beo) Hy My, (BY™ + Bis(Beo) Hi My (8™
+ Bg(Beo)ijHy My (B)™ + By (Beg )i Hy My (B)™.
(23)

The total amplitude for the 8., — BsM decays is symmetric quark pairs with antisymmetric ones in dia-

A(Bes — BsM) = A° (Bs — By M) + A (Bs — By M).

grams B} ~ B5,. The topological amplitudes for the
Q—->B;M and Q0 — B{M decays are presented in
Tables 2 and 3, respectively.

(24) The octet baryon can also be represented as a tensor

The topological diagrams contributing to B, — Bs M with one covariant index and one contravariant index,
decays are shown in Fig. 2. The corresponding diagrams (B3);, where i # j. It can also be expressed in matrix form
for B.s — B4M decays can be obtained by replacing the as

1 1
304 A0 T+

V2 e o g

Bg = > _720 + 71\0 n . (25)
V2o Ve
=" =0 —2/3A°
The third-rank tensors (85)/ and (B§)7* canbe ex- The indices i and j are symmetric under the inter-
pressed in terms of the rank-(1, 1) tensor as [41, 42] change i < j in (85)* and antisymmetric in (8;)"*. To
study the linear relations between the decay amplitudes
e 1 i i _kj i ge_ L for B.s — BSM and B.c — BLM, we construct the deca

(BS)l]kzi Ekzl(B )J+6k]l(B )l ,(BA)ljkziélﬂ(B )k‘ (26) .(,6 8 6 I T y
’ \/6[ o ’ l] ’ V2 S amplitude for B, — BgM using the rank-(1,1) octet

tensor as

A(Bes — BsM) = Bi(Bg)i;Hyy M, (Bs),€"” + Bo(Bio)i;Hyy M, (Bs)s € + By(Buo)i i Hyy M., (Bs ) €

+ By(Beo )i Hy M, (Bs) €"” + Bs(B.g)i;Hiy M, (Bs), €™ + Bo(Beo)iiHiy M, (Bs) s €

+ B7(Bc6)in1i1M,I;(Bs)Z'€jlp + Bs(Bm)in;ilM,ﬁ,(Bs);fjmp + B9(Bc6)in1i1M,];1(Bs)£€lmp

+ B10(Bce)inlile,,(Bs);?Ejkp + Bl1(Bcs)i_jH1i1M£,,(Bs)l;€jmp + BIZ(Bcﬁ)in]ilM,[n(B8){7€kmp

+ Bi3(Beo)i Hy M, (Bs)) € + B14(B.o)isHyy My (Bs)) €' + Bis(Buo)i i Hiy My (Bs ) €

+ Bi6(Beo)ijHyy Mi(Bs)y € + Bi7(Beo )i HyuMiy(Bs) € + Big(Beo)ijHy M, (Bg)y €

+ B1o(Beo)ijHyy M, (Bs)s € + Bao(Beg)iHy M, (Bs )€™ + By (Beo)ijHyy My, (Bs)) €

+ Box(Beo)iHuMin(Bs) € + Bys(Bio )i Hy M, (Bs) o €7 + Boy(Bio)isHy M, (Bg) e

+Bos (Bcﬁ)inllkan(Bs){;Ekmp + Bze(Bce)i_;H;kan(Bs)f,Eimp + 327(Bc6)inllkM:Z(Bs)£Eikp- (27)
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o==__ o==__ o—__ _
By B3 B3 By
C (&
@ ®
C :I C
@ ] @ ® ®
_ _ _ —_
®
BS Bg B? B§
< ® < ® < ®
C
®
] _ _ _
< @ :| ® :| ® :I
Bj B, B B},
C
®
=" ] < ® ] < ® < ®
? ] ? }
B, B, B, B,

® _ _
B, B B, 55
U= . — ] . }
] J ] A = &) =
B 7 B, B,

B B3 B3, B3
C C C
@
I . — o
] ] ] ]
B3y B3, B$, BS,

S
BSS

Fig. 2. Topological diagrams contributing to 8, — 85 M decays, where "]" indicates that the two light quarks in the baryon octet are
symmetric.
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Table 2. Topological amplitudes for Q0 — B3 M decays.

channel amplitude
Q- =K’ %AI(B]S —2B3 + B} + B}; —2B3,)
1
Q- K- %ﬁd(—fo - Bly+2B3)
+%AS(—B§ £ 28BS — BS — BS,— B, + 2B, — BS, — BS, + 2B5,)
—%/lb(—Bf” — BSP+2BS” — BSP— BSP + 2BSP — BSP — BSP +2B5”

-Bi{ - B +2B5 —3B3{ - 3B3] + 6B5{

0 2’ LB +BS —2BS + B, + BS, ~2B5,)

243

1
+—3/15(B§ —2B% +BS + B}, + B}, — 2B}, + B}; + B}, —2B5,)

243

- 16/1,,(pr+Bgf’—2B§P+B§’°+B§P—2B§P+B§P+B§P—2B§”
+B50 + By —2B5f +3B5, +3B5F —6B5Y
Q0 - =0n0 ﬁad(-gg LB+ B, —2BS)+ 2%645(-235 FBS+ B+ BS, —2B5,)
DB B+ B+ B 28 B 283+ 385 6B
Q0 - =y éad(B% 2BS,—2BS, + 4BS, ~ 2BS, + BS,  2B5))

+é/15(—23f +4BS —2BS —2B5 —2BS + 4BS —2BS + B + B — 285,
+4B}, — 2B}, —2B%; +4B5, - 2B} + 4B}, — 2B5, + B3, —2B%)
—é/lb(4B‘,”’ —2BS" —2BSF —2BS" +4BSF —2BS” —2BS + ABS” —2BS”
2Bl +Bil + BY — 2B + 4B}y —2B5) + BS| - 2B3¢

6B + 12B3) — 6B +3BSP — 6B

1
Q) — 2%, = Aa(Bly = 2B3 + Big — 2Biy + B3, + B3, — 2B}, + 3B5, — 6B3))

3V2
1
+ﬁ15(3f —2B5 +BS + B + B —2B§ —-2B5 + By + By + BS,— 2B}, + B},

+Bj,—2B5,+3B}s — 6B, + 3B, + B} — 2B5, + B3, + B3, —2B3, + 3B5, — 6B5))

1 o
3\/E/lb(—ZBf”+B§P+B§P+B§P—ZB§P+BgP+B§P—2B§P+BgP—ZBf(f
+B3F + B +3B5F —6B5Y — 6B +3B3F +3BY + BYY 2B + B5Y + B3P

—-2B3) +3B5) - 6B +3B5 —6B5) +3B5Y +3B3F — 6B3) +9B3Y — 18B3Y

1 1
Q0 =gt %/ld(—Bﬁ +2B5; - BS, +2B%) + 764(2& —BS —BS —BS, +2B5)

——=A(2Bi] - BY - Bl = BYY + 2B — B[+ 2B3] — 3B57 + 683

V6

Continued on next page
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Table 2-continued from previous page

channel amplitude
1 1 )
Q- AR’ E/L,(—Bf +BS - Bjs+Bjy) + EA,V(—Bﬁ +B; — B}, + B, — B{s + B},)
1
—3 (B =By =By + BT = By + By — By + By~ 3By +3By)
1 ) } )
& - LBl Bl +28h)
1
Q0 — 20n0 T \/542(35 +BS —2B5 — BS, - BS, +2B},)
1 ) ) )
Q0 — 50, . \/2/12(—23? —2B5 +4B5 +4B§ —2BS —2B; + B + B§ —2B5 + B, + B} —2B5,)
1
Q0 — 2 G/o(BY + BS —2B5 2B} + B + B} + B} + B
-2B§ + B, + B, — 2B}, +3B}s + 3B}, — 6B},)
1 . . ]
Q- 5 o8 + B -283)
1
Q- pk- ‘6/12(33 —2BS +BY)
1 )
Q' > nkK —=A2(~B§ — BS +2BY)
f V6
1 . ) ) ) )
Q0 — =°K° \/6/12(3?0 - 2B}, + B, + Bj; - 2B3))
1
Q0 — =K+ %/12(—3§ +2B§ - By — B}, +2B5,)
1
Q0 — A S5 B~ B+ Bl = Bl
1
Q0 — A% 5 %xz(zBf —2BS +2BS —2BS +BS —BS —BS,+ BS))
1
Q0 — A%, 5 ‘/5/12(—Bf +BS — B + BS + BS — By — B}, + B, —3Bj5 +3B},)
Table 3. Topological amplitudes for Q° — B4 M decays.
polog p X 8 Y
channel amplitude
1
o - =K’ $/11(B’1‘—Bg‘+3’1‘3
1 1
Q) - K- — (Bl + Biy) + —=A,(—B} + B + Bfy + B}, + Bis + Bly)
¢ V2 V2
1
—W/lb(B*,”’ + BT+ BT+ B&" + B3 + BiY + BiY + Bl + 3By +3B4)
1 1
Q? - 20?0 E’L/(’B? - B? - Bﬁ]‘s - B?g) + E/l.s(Bf - Bg - Bfo - Bfl - B]‘s - Bf9)
1
~34(~Bi" ~BY ~BY ~ BY - BY" ~ B’ ~ BI{ ~ B\{ 3B ~ 3B}
QY — =070

1 1 1
E/ld(—B’l‘3 + B+ E/IS(BQ +Bi+BS) - 5/{,,(Bfl‘,” + B\ + B + BoP +3B5F

Continued on next page
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Table 3-continued from previous page

channel amplitude

1
Q0 — =09, — (B — 2B +2B), + BA) + 5 A(~2B4 +2B4 +2B)

1
23 V3
+2B3+ B + B —2BY + 2B, — 2B, — 2B/ + 2B% + BY)

1
——— 2, (—2B4P —2BAP — 2B 1 2BAP —2BAP 4 2BAP + B + BAD

23

+B{7 - 2B} +2B50 + BiT —6B3Y + 6BA + 3By

1 1
Q0 — =0, 5 \B/ld(Bﬁ + By — By, + B, +3B5,) + z—ﬁnx(&,‘ -B{-B}-B}
+B4 + B3 + By~ B, + B}, + 3B/ — 3B}, + By — By, + B, +3B5,)
1
- ‘6/1,,(3’2”’ + BT+ BP — BA? + Bi" — B3P + B + B + 3B,
+3B{P + 3B + BiY — BS, + B5F +3B5Y +3B5F —3B4F + 3B5F + 9B4Y
1 1 1
Q- Ent ﬁl"(_Bﬁ‘ -By)+ ﬁls(—BQ - By -B3)- ﬁ/lb(_B?IP - B{y - Bl - By -3By
1
- A%’ S5 Bl B+ 2B~ Bl + By + 2B
1
+ﬁﬂx(33‘ +2B% + B4 — Biy + B, + 2B}, — Bfs + B}, + 2B%,)
1
-5 \@/lb(B*,"’ — BAP _2BAP _ BAP | BAP L D BAP _ BAP 4 BAP 4 OBAP
—B{Y + B +2B5 - 3B5Y +3B5) + 6B5
0 + 1 A A
Q) - \5/12(3]0+B]])
1
Q- =55 (B BBl =Bl
1
Q0 — 50 - \/6/12(—23‘1‘ — 2B} +2B% +2B¢ + B) + By + By + BY))
1
Q3 —— (B + BY)
c ﬁ e
1
Q0 — 30, 5 \/g/lz(B’,‘ +B3y —B2— B} + B +B; + Bjy+ B, +3B{s +3B)
1
Q? — pK~ \E/lz(Bz;A —Bg\)
1
Q° - ik’ ﬁﬂz(Bg‘ +B%)
1
Q- EK ﬁflz(Bfo -Bj,+By)
1
Q- EK %/12(—3;\ +Bj - By
1
Q0 = A0 2—\%/12(3;‘ - B{—2B}+Bi - B\ —2B},
1
Q0 = A% . ‘ﬁ/lgaB? —2BA—4BA—4B}—2B4+2B}
+B) — By —-2B; - B}, + B, +2B,)
1
Q= A’ (=Bl + B +2BY+ 2B} + B - B} + B} - B

—-2Bj - B}, + B}, + 2B}, = 3B{s + 3B + 6B},)
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The linear relations among the amplitudes constructed from the rank-3 and (1,1)-rank octet tensors are

B =B!-B5+B;, B,=Bi-Bj+Bj, B;=Bi{-Bi+B;, By=B,-B+B,

Bs=B:-B,+B;, Bs=B.-B,+Bi, B;=B;-By+B,, By=B;-B5+Bj,

By = By — B; + By,

A S
B3 = Bj;+Bj;

By; = B}, — B+ B,

By = Bj,— B}, + B}, By, = B}, - B}y + B}, By, = B, — By + By,

-2B5, By = By, + B}, - 2B, Bis = Bis— B, + B, Bis = Bjs— Bs + B},

Bis = Big— Bjy+ By, By = By — Bis + B, By = B),— B+ B,

By = By, + By, — 2By, By = By, + B, - 2B3), By = By, — By, + Bys, Byy = By, — By + Bys,
Bys = Bys— By; + B3y, By = By + Bys = 2B3,, By = By, + By, = 2B3;. (28)
The SU(3) irreducible amplitude for the 8., — BsM decay can be expressed as
A (Bes = BsM) = by’ (Beo)ijH(15)1M,, (B, €7 + b3(Bes)iiH (65 M, (Bs),, ™" +03(Bo)i HOM, L (By)) €
+ b6(~866)l/H(6)k1Mj (BB)m kip + blS(Bcé)UH(ls)kle (BS)/ kmp + b (806)UH(6)1<1M,{1(BS);Ekmp
+ b5 (Beg)iH(15)y My (Bs)y € + by (Be6)isH(15), My (Bs) € + b3 (Big )i H(15) M, (Bs) €
+D3(Bos) HO) ME (B €/ + bY(Boo) H(6)y ME (By)! € +bS(Brs ), H(6)l MY (By) €
+bg (B H15) M, (Bs ) €' + bE(Bcﬁ)in(g)Z}M,’,,(Bs){;e"k” + b} (Bee)ijH(15) M(Bg), €™
+ B(Boo) HO M. (Bs), €7 + by(Bes)y HO)y M (B € + b} (Bo) H) ML (By e
+53(Beo)ijH(3)M,,(Bs )y €™ + b3(Beo)iiH ()M, (Bs) €™ + by(Beo)ijH(3) My (Bs )€™
+b3(Bee)i HBNM(By)L €7 + b (B )ijH(3 M, (By )y € + b3 (Beo)isH(3 )M, (Bs) e
+ b3 (Boo)isH(3 WM, (Bs) €7 + b} (Bg)i;H(3 M)y (Bs )™ + b3 (Bio)iiH(3 ) Mip(Bs) €. (29)
The linear relations between the SU(3) irreducible amplitudes and the rank-(1, 1) amplitudes are
b;> = B, + B, b§= B, - B,, b§= Bs, b§= Bi, b)Y =Bs+Bs, b§= Bs—Bs, by =B;+ B,
b? = B7;— B, b};S = Bg+ By, bg = Bs— B, bés =By + By, b§ = By— By, bés = B3+ Bu,
3 15 3 3 3 1 1 1 3
bg=Bi3—By, b3’ =Bis+Bjs, by=Bi;s—Bis, bj,=B, b| 831 8B ZB §B7 + gBlo + Bis,
’ 1 3 1 3 1 1 3 1 3 1 3
b? =—§Bl+§Bz+§B4+§B7—§Blo+Bz3, bg_—831+832 SB5+SB6 SBg+8BH+B|9,
;3 1 3 1 3 1 1 3 1 1 3
bg = gB[ - ng + §B5 - §B6 + ng - gBll +Bz4, bg = EB‘; + gBS - §B6 - ng + §B]2 +Bzo,
’ 1 1 3 3 1 3 1 1 1 3
by = —533 - gBS + §B6 + §B9 - §B12 +Bys, b= ng - §Bll - §Blz - §B13 + §Bl4 + Boy,
, 1 3 3 3 1 3 1 3 1 1
by = —ng + gBll + gBlz + gBla - §314 + Bog, b§ = §313 - gBM + §BIS - gBls + 5317 + B2,
, 1 3 1 3 1
bg :_7BIS+§Bl4_§BIS+§Bl6_§Bl7+BZ7- (30)

8
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Using the Levi-Civita symbol, the ten amplitudes con-

structed from the 6 representation in Eq. (29) are simpli-

fied to five terms as

ARB.s — BsM) = b (Bo)i;H(6) Mf(By),

+b5(Beo) i H (O My(By)]
+b(Bo)i H(6)* M](Bs),
+b(Be)ijH(6) M{(Bs)]
+b2(Beo)y HOM(By). (1)

The relations among the amplitudes constructed from the
6 representation are

B =—bS—bC, b =—bS+2b5 -0,
B =B+ B+ b0 +b8,  bO = bC+ DS+,
b = b8 — b5 — b5 + 215, (32)

The SU@3) irreducible amplitudes involving H®(3),
H"V(3), and HV(3") appear only in the following fixed
combinations:
by =i+ 43677, BT = b+ b7 4+303 ",
by = b3+ 436, T = b+ by 430},
b = b3+ b3 +3b37, (33)
Substituting Eq. (30) into Eq. (33), we find that the pen-
guin-induced diagrams Bf ~ BY, appear together with the
tree-induced diagrams Bz ~ By, in the following fixed
combinations:
Bl{" = Big+ By + B} + BY + Bjy + 3BY;,
Bls¥ = Big+ B} + BY + BY + BY, + 3B%,,
B" = Byy— By + Bf + B{ + By, + 3Bhs,
BY" = By, + By, + B}, + B, + BS, + 3B%,
B)" = By + Bl, + Bjs — BJ; + By, + 3By (34)

In total, 20 independent amplitudes contribute to B, —
BsM decays.

III. PHENOMENOLOGICAL ANALYSIS

The Q? is an isospin singlet. We identify three isospin
sum rules for QY decays:

AQY - ATK) - AQ° - AK) =0, (35)

A - Z77)+2AQL - 7% - AQ — T 1t) =0,
(36)

AQ - X)) - 2A(Q — X7 + AQY — X nt) = 0.
(37

Q% is a member of the U-spin triplet (£,Z:°,Q0). Be-
cause the two neutral baryons in the same U-spin mul-
tiplet as Q? can undergo strong decays, U-spin sum rules
cannot be established for this system.

Seven tree-level diagrams contribute to the B, —
Bi1oM decays. Diagram A, is suppressed because it re-
quires the exchange of two gluons. For diagrams A, ~ Ag,

the corresponding Wilson coefficients are given by

A G+ Ci(w)/3,
Az (Ci(w) + Ca(w)/3,
As: G +Ci(w)/3,

Ay Ci()+C(w)/3,
Ay (G +Ci(w)/3,

Ag: Ci(u)+Cr()/3. (38)
The Wilson coefficients C;(u) and C,(u) at u=m. are
given in the NDR scheme by C;(m.)~-0.43 and
C,(m,) ~ 1.22 [46]. This yields

Co(w) +C()/3 ~ 1.08,

Ci(w) +C(w)/3 = -0.02,

(C1 () + Ca(u))/3 ~ 0.26. (39)

Thus, diagrams A,, As, A4, and Ag are suppressed by the
corresponding Wilson coefficients. The branching frac-
tions for decay modes involving A; and As are expected
to be larger than those for the other decay modes. Neg-
lecting the contribution from diagram A4, the ratio
Br(QY — Q K*)/Br(Q? — Q x*) can be estimated as

Br( Q) - QK Vil
Br(Q0 — Q) |V,

~533x1072. (40)

The LHCb Collaboration reported [6] that

Br(Q? - Q°K*) o
- =(6.08+0.51+0.40)x 107, 41
B S 0 (6.08+0.51£0.40)x 10 (41)

This is consistent with Eq. (40). Moreover, the ratio
Br(Q° — Z %) /Br(Q° — Q n*) is predicted to be

Br(Q > E ") 1|V,
Br(Q0 — Q) 3|Vl

~1.78x 1072, (42)
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From an experimental perspective, the ratio of the
branching fractions of the two Cabibbo-favored decay
modes, Br(Q? — Eofo)/ Br(Q) - Q %), has been meas-
ured by the Belle Collaboration [3]. We suggest measur-
ing a further ratio of branching fractions for two Cabibbo-
favored decay modes, Br(Q — =9K")/ Br(Q) - QnY),
where the Z*° baryon is reconstructed through the decay
chain =0 — =Z7[— A%— pr)x~]x*. Since the decay
Q% - 2K~ is dominated by diagram As, we also sug-
gest measuring the ratio Br(Q? - X K")/Br(Q° - Q n"),
where the X** baryon is reconstructed through X** —
A%(= prn)mt.

Owing to the limited experimental data currently
available, the magnitudes and strong phases of the topolo-
gical amplitudes cannot yet be determined. To gain fur-
ther insight into these amplitudes, we examine their rela-
tionship with the rescattering mechanism. In this mechan-
ism, a charmed baryon first decays into a baryon and a
meson through a short-distance emission diagram. Sub-
sequently, the u-, #-, and s-channel meson-baryon scatter-
ing processes provide the long-distance contributions.
The u-, t-, and s-channel rescattering contributions to the
Q% - ByM decays are shown in Fig. 3. The theoretical
framework for studying the relationship between topolo-
gical diagrams and the rescattering mechanism has been
developed in Refs. [47, 48]. The leading-order chiral Lag-
rangians for the VPP, ByBsP, B1yBsP, and BBV ver-
tices are given by [49—53]

Loypp = lg\gf’ Tr(V*[P,8,P)).

Lggp = V2D Tr(Biys(P, B))
+ V2F Tr(Biys[P, B),
Lrgp = gTBPEi_/'k?Zml(ay P)., Bl
Lrgy = gTBVEijkﬁml((vﬂ)inB{’ (43)

where P, V, B, and 7 denote the matrices for the
pseudoscalar mesons, vector mesons, octet baryons, and
decuplet baryons, respectively. In the tensor formalism,
the amplitudes for the VPP, BsBs P, B1yBsP, and B, BgV
strong interactions can be expressed as

Avpp = CY+PIJV;€P]; + 07P{prz,

Agys,p =B (Bs)| P(Bs): + B (Bs)! P(Bs);..

Ago8p = §(Blo)kmlP£,,(Bs){Eijk,

Agyzv = K(B10)" V(B € (44)
Comparison of Eq. (43) with Eq. (44) shows that the

coupling coefficients a*, 8*, {, and x correspond to those
in the chiral Lagrangians as follows:

o =—a = B yupy.p B = V2D + F)BsiysPBs,

Na
B = V2D~ F)ByiysBsP, = grup(Bio)u(9" P)Bs,
Kk = grpv(Bio), V¥ Bs. (45)

For the B, — BsM decays, the color-supported emission
diagram is denoted by B3;. According to Eq. (28), B
contributes only to the amplitude Bi,. Thus, the amp-
litude B4 serves as the weak vertex for the dominant res-
cattering contributions. In the SU(3) limit, the rescatter-
ing amplitudes can be obtained through tensor contrac-
tions. For the wu-channel rescattering process B, —
P'B; — PB,y, with a vector meson serving as the inter-
mediate propagator, the tensor structure is given by

Rio = Z (Beo)iHy (P (By)ie™
P BV
X [a*(P)oVEPS +a (P)eVEPh)
X K(B10)" Vi(By)suer- (46)

The tensor structure for the #-channel rescattering pro-
cess B — P'B; — PB)y, mediated by an octet baryon
BY, is given by

Rig= > (B Hy(P)(By)e™
X [BH(B)UB NP+ (BB )Pl
XL (B10)"! (PYABY): €uer- (47)

The tensor structure for the s-channel rescattering pro-
cess B — P'B; — PB, mediated by an octet baryon By
is given by

Riog= Y (BuoiHy(P)(Bp)je™
P8 B
X[B*(P(B)5(B"), +B (PYLBYAB);]
XL (B1o) ™ PY(BY), €aep- (48)

With the completeness relations

7N\ [ , 1 1 i
> (PP} =185 = 35,0,
~

TONI 0 i l 1
Z(Bs( ))j(Bs( ));{ = 51‘5];‘ -390

000, D Vivi=ad). (49)
\4

/(7)
B

We derive the rescattering amplitudes that contribute
to the topological amplitudes of the 8., — B,)M decays
in the SU(3)r limit. The results are presented in Table 4.
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P Bio
.
P P
Q0 Q0
3 14 Bs
Bs Bio Bs P Bs Bio

Fig. 3. The u-, t-, and s-channel rescattering contributions to Q% — 8,,M decays.

Table 4. Rescattering amplitudes contributing to B. —
BioM decays.

u-channel t-channel s-channel
Ay Aot —Ap-¢
A; AV —Op: ¢
Ay EAY Ap¢
A4s Ag-; Op—p1z
Ag —Agx ®/3’<l
Ag Agrprg Op¢
Ag Ay x —Op-

We use "A" to denote a triangle diagram and "®" to de-
note a bubble diagram. The subscripts of A and ® denote
the two strong vertices of the corresponding triangle and
bubble diagrams. Note that the triangle and bubble dia-
grams include contributions from both ground-state and
excited hadrons.

According to Table 4 and the theoretical calculations
of triangle diagrams [54—58], the quark-loop diagrams re-
ceive long-distance contributions of the same order of
magnitude as the tree diagrams, whereas the color-
favored emission diagram appears to be about one order
of magnitude larger than the other diagrams. Thus, if a
singly Cabibbo-suppressed channel does not involve the
color-favored emission diagram, the CP asymmetry in
this channel is expected, at the naive level, to be of order
O(107* ~ 107%). If the color-favored emission diagram
contributes to a singly Cabibbo-suppressed channel, the
CP asymmetry in this channel would be suppressed. In
the future, once sufficient measurements of branching
fractions and decay parameters become available, the
nonperturbative parameters of the tree amplitudes can be
extracted from experimental data. Using the relationship
between the topological diagrams and the final-state res-
cattering mechanism, these parameters can then be used
to estimate the quark-loop amplitudes and, consequently,
the corresponding CP asymmetries.

In the literature, the Kérner-Pati-Woo theorem [59, 60]
is often used to simplify the decay amplitudes of heavy
baryon decays. According to the Kdrner-Pati-Woo theor-
em, if the two quarks produced by the weak operators
enter the same baryon, they must be antisymmetric in fla-
vor. For Qg — ByM decays, the two quark lines emitted
from the weak vertex enter the final-state baryon in dia-

grams As, A, As, Ag, and A,. Therefore, these quarks
must be antisymmetric in flavor according to the Kdrner-
Pati-Woo theorem. The O(6) and O(15) operators are an-
tisymmetric and symmetric, respectively, under the inter-
change of two covariant flavor indices. Thus, only the
O(6) operators contribute to the diagrams A;, Ay, As, Aq,
and A;. According to Eq. (17), we have

A3 = A4 = A7 = O, A5 = —AG. (50)

The above equations yield the following relations in addi-
tion to the general isospin sum rules:

Br(Q® — TK) =4B8r(Q° — LKD), (51)

Br(Q) - 7 17) = Br(Q? — 1% = Br(Q? — = 1Y),
(52)

Br(Q — ATK™) = Br(Q) — A’K)) = 0. (53)

For the decays Q2 — BsM, the Korner-Pati-Woo theorem
yields the following relations among the topological dia-

grams:
B =-BY, B =-BY, B =-BY
BA=-BY. B =B B =B
B =B} =B}, =0. (54)

These lead to the following relations, which go beyond
the general isospin sum rules:

Br(Q° — XK7) =4 Br(Q) — £°KD), (55)

Br(Q) — ) = Br(Q® — 27% = Br(Q? — T,
(56)

Br(Q" - pK™) = 2B — nk?), (57)
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Br(Q) — ") = Br(Q® — A7°) =0. (58)

Ref. [47] showed that the Korner-Pati-Woo theorem is in-
consistent with the rescattering dynamics of singly
charmed baryon decays. The present work further sup-
ports this conclusion. For example, the Korner-Pati-Woo
theorem predicts A; = A, =0, which conflicts with the
nonvanishing contributions of the triangle and bubble dia-
grams to A; and A,. In the isospin limit, the Korner-Pati-
Woo theorem can be tested experimentally using Egs.
(51)~ (53) and Egs. (55)~ (58). If the decay amplitudes
of two channels are proportional to each other, their de-
cay parameters are identical. Thus, the Korner-Pati-Woo
theorem can also be tested by measuring the decay para-
meters a, 5, and y. In addition, if the Korner-Pati-Woo
theorem holds, two CP-asymmetry relations can be de-
rived in the isospin limit:

ABQY - £KT) = Al - K,

ASQ) 5 3K = AY Q0 - 3°K). (59)

The partial-wave CP asymmetries can also be defined as
at+a

Alp = T Aij =5 A)C/P = . (60)

The following relations can be derived under isospin
symmetry if the Kérner-Pati-Woo theorem holds:

A% (Q) 5 T KT) = A%(Q° - UK,
Q0 - TK) = AL(Q) - XK, (61)

AL Q) 5 37 KT) = AL (Q° — 39K,
AL - 3 KT) = ALL(QY - 2°K), (62)

ALp(Q) = T K7) = ALp(Q) — =K ),
ALp(Q) 5 YK ) = ALp(Q0 — 3K (63)

These CP-asymmetry relations can be tested in future
measurements.

IV. SUMMARY

In this work, we analyze the topological amplitudes
for Q0 decays in the SU(3)r limit. We present the tree-
and penguin-induced diagrams contributing to Q° decays
into decuplet and octet baryons. Using tensor analysis, we
derive the linear relations between the topological amp-
litudes and the SU(3) irreducible amplitudes. We obtain
three isospin relations for Q2 decays. In addition, we de-
rive several branching-fraction relations to test the
Korner-Pati-Woo theorem.
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