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We study the three-body antitriplet B, — B,MM’ decays with the SU(3) flavor [SU(3),] symmetry,
where B, denotes the charmed baryon antitriplet of (2%, —=+, AF), and B,, and M (M) represent baryon and
meson octets, respectively. By considering only the S-wave MM’-pair contributions without resonance
effects, the decays of B, — B,MM’ can be decomposed into irreducible forms with 11 parameters under
SU(3) Iz which are fitted by the 14 existing data, resulting in a reasonable value of ¥ /d.o.f. = 2.8 for the fit.
Consequently, we find that the triangle sum rule of A(AF — nK°z") — A(Af - pK~nt) — V2AAS —
pK°z%) = 0 given by the isospin symmetry holds under SU (3), where A stands for the decay amplitude. In
addition, we predict that B(AF — nz"K°) = (0.9 & 0.8) x 1072, which is 3-4 times smaller than the
BESIII observation, indicating the existence of the resonant states. For the to-be-observed B, — B,MM’
decays, we compute the branching fractions with the SU(3) + amplitudes to be compared to the BESIII and

LHCb measurements in the future.
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I. INTRODUCTION

The three-body charmed baryon B, — B,MM’ decays
have been recently searched by the experimental colla-
borations of Belle, BESII, and LHCb, where B, =
(B2, —Ef, A}) denotes the charmed baryon antitriplet and
B, and M) correspond to the baryon and meson octets,
respectively. For example, the decay of AF — pK~z' has
been observed with high precision by Belle and BESIII [1,2],
which improves the accuracy of the A, decays with A as
one of the final states [3]. Also, the crucial information on
the higher wave baryon resonances like A(1405) has been
extracted from the Xz invariant mass spectra of the A} —
Xrr decays [4]. The other area of interest comes from the
test of the theoretical approach. For example, the first
observation of A7 — nK%z* has been used to examine

the isospin relation [5], that is, R(A)=A(AF—>nKz") +
A(AF = pK= ") +V2 AN = pK°7®)=0 [6,7]."

"To calculate the decay amplitude of A, we use the conventions
of |#t) = —|11) and |K%) = —|11), whereas |z) = [11) and
|K?) = %%} are taken in Refs. [6,7], resulting in the relation to
be R(A) = A(A} = nK'z") — A(A} = pK~nt) = V2A(AE -
pK%7°) = 0. However, the different signs in R(A) and other
similar relations do not affect the physical consequences of these
relations due to the arbitrariness of the phase of the amplitude.
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Since the A — pK~n" decay has diagrams similar to
those of the doubly Cabibbo-suppressed Al — pK "z~ one,
we have the ratio of B(Af — pKn™)/B(Af - pK~n") =
Ry tan*d,. with Ry, ~1.0 and 6., the Cabibbo angle,
should hold. Nonetheless, the values of Ry, = 0.82 = 0.12
[8] and 0.58 + 0.06 [9] have been measured by Belle and
LHCb, respectively, showing a possible deviation caused
by an additional W-exchange amplitude for AT — pK~n™.
As a result, the B, > B,MM’ decays are important
for achieving a deeper insight into the hadronization of
particle interactions.

In contrast with the abundant observations, there rarely
exist systematic theoretical studies on the B, — B,MM’
decays, apart from those based on the isospin symmetry
[6,7]. This is due to the fact that the scale of the charm quark
mass (m,) is too large for the flavor SU(3) [SU(3)/]
symmetry, but the theories based on the heavy quark
expansion may not be valid as m, is not large enough.
In addition, the factorization fails to work well in the
charmed hadron decays [6,10], whereas it is successfully
used in the beauty hadron ones [11-13]. The alternative
approaches for the charmed hadron decays have been shown
in Refs. [14-19], which take into account the nonfactoriz-
able effects. On the other hand, the SU(3), symmetry
has been tested as a useful tool both in the beauty and
charmed hadron decays [20-27], particularly the two-
body B, — B,M decays [6,28-37]. It is hence expected
that the same symmetry can be applied to the three-body
B, - B,MM' decays. In this paper, we will relate the
possible B, — B,MM’ decay processes with the SU(3),
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parameters [28], by which the systematic numerical
analysis can be performed for the first time. Under the
SU(3), symmetry, we will derive the relation of R(A) = 0
and examine the value of Rk, from the ratio of
B(Af — pKTn™)/B(Af - pK~zt).

Our paper is organized as follows. We give the
formalism in Sec. II, where the amplitudes for the
three-body charmed baryon decays under the SU(3),
symmetry are presented. In Sec. III, we show our
numerical results and discussions. Our conclusions are
in Sec. IV.

II. FORMALISM

The three-body B, - B,MM’ decays can proceed
through the charm quark decays of c—sud, c—
udd(uss), and ¢ — dus, where B, and M) denote the
baryon and meson states, respectively. Accordingly, the
tree-level effective Hamiltonian is given by [38]

eft E

i=-—, +

Vcsvudo + Vcdvudo + Vcdvmo/]

(1)

where G is the Fermi constant, c, represent the
Wilson coefficients, and V;; correspond to the Cabibbo—
Kobayashi-Maskawa matrix elements, while O, 0;, and
O’ are the four-quark operators, written as

0% X ((ad) @e) F (@) ()
~ L f(as) o) ¥ Go)(ac)
0y = L{(as)(de) ¥ (@s)(ac)) @

with (7192)(73¢) = q17,(1 = 75)q2@37*(1 — ys)c. Here,
the relation of V.V, = -V, V,; has been used for
O%L to combine the ¢ — udd and ¢ — uss transi-
tions. By means of the Cabibbo angle 6., it is given
that (VcsVudv Vchud7 Vcdvus) = C%(l’ =1, _t%)’ where
(cert.) = (cosB,.,tan6,), such that the decays with O,
01, and O; are classified as the Cabibbo-favored (CF),
Cabibbo-suppressed (CS), and doubly Cabibbo-suppressed
(DCS) processes, respectively.

In Eq. (2), (§192)(g5c) can be rewritten as (§'q,q’)c
with g; = (u,d,s) the triplet of 3 under the SU(3),

symmetry, by suppressing the Dirac and Lorentz indices.
Furthermore, since (g'q,g’)c can be decomposed as the
irreducible forms of (3x3x3)c=(3+3'+6+ 15)c,
one derives that [28]

1
O_(+) = Oz, = 2 (ads F sdu)c,
o', =0 ! @da ¥ ad !
") =0 = E(u F ddu)c —E(uss F Ssi)c,
|
0, = O;(E) 5 (isd F dsii)c (3)

Subsequently, the effective Hamiltonian in Eq. (1) has the
expression under the SU(3), symmetry, given by [31-34]

GF €ijl
Heff :—6’2 C_——

V2 LT 2

where H(6,15) are presented as the tensor forms of

H(6)y +c H(A5) [c.  (4)

(Og'/), (’)(1_7;’/)) in Eq. (3). Their nonzero entries are given

by [28,29]

Hy(6) =2,HY(15) = H3'(15) = 1,
Hy(6) = Hy,(6) = =21, H},(15) = H3,(15) =
Hys(6) = 222, H2(TS) = B (T5) = 2. 5

with (i, j, k) for the quark indices. Correspondingly, the
three lowest-lying charmed baryon states of B, form an
antitriplet of 3 to consist of (ds — sd)c, (us — su)c, and
(ud — du)c, and B, (M) belongs to the baryon (meson)
octet of 8, which are written as

B, = (20.-Ef. A7),

A+ 520 = -
B, — >+ % A0 _ \/% 50 =0 ’
)4 n - %AO
\/iizro + \/ian T K~
m=| = —uERrEn Ko )
K+ KO _ %,1
respectively.

Now, one is able to connect the octets of (B,,, M ) and
antitriplet of (B.), to (e/'H(6),.H(15)7) in Hes of
Eq. (4) to get the SU(3), amplitudes. Since the Wilson
coefficients are scale dependent, in the naive dimensional
regularization scheme it is calculated that (c_,c.) =
(1.78,0.76) at the scale u =1 GeV [39,40]. The value
f (c_/cy)*=~5.5 implies the suppressed branching
ratios associated with H(I5). Hence, we follow
Refs. [6,31,36] to ignore the amplitudes from H(15). By
means of A(B,—B,MM')=(Gp/2)T(B.—B,MM’),
the T-amplitude of B, — B,MM’ can be derived as [28]
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— (B )k 1 ij
T(B, — B,MM) = a,(B,); (M)} (M"),,H(6) ; T" TABLE I T-amplitudes of A+ — B,MM'.
B \k 1
+ ax(B,,); (M)} (M'),,H (6),,T" CF mode T-amp
B \k " ij
+ a3(Bn)i (M)Zl(M )mH(6)lelJ 2+77,'07[0 4611 + 2a2 + 2613 + 2614 - 2(15
+ a(B,)E (M) (M) H(6),, 7" Ztatw day 420+ 2a; 205 = 2ag
_ P y >TKOKO 4a; 4 2a, + 2a;
+ aS(Bn)k(M)j (M'),,H(6),T" STKTK™ 4a, —2as
+ag(B,)y (M)} (M'){H(6),,T", =t day 552 4 2 4 e - 2
(7) 2077,'07[+ —204 - 2(16
ZOK+I_{O \/Eaz + \/5613 + \/Eas
with 79 =(B,) "/, where ¢2 and c_ in H; have been E;”;”: —4ay — 4a
absorbed into the SU(3) ; parameters a; (i=1,2,...,6). While E'rK —V2as
there exists the relative orbital angular momentum L Elr' K’ —2as — 2as
between the two-meson states, we have assumed the S-wave 5_”TK * —2ag
MM’ -pair (L=0) in the dominant amplitudes in Eq. (7), pr’K° —V2a3 —/2a,
whereas the P-wave one (L = 1) is neglected. However, there prtK~ 2a; — 2aq
are some cases in which the S-wave contributions vanish, but pKOy0 _ Yoas 4 Voa,
P-wave ones are dominant, resulting in the other set of ) _22 _9 ;
amplitudes to be studied elsewhere. For example, the decay of Al 0 20, 2aj 205 o 5
A} — Axtz® with the measured branching ratio around o :7_0 _Ter T\;T_ faﬁ
7.1% is mainly from the P-wave contribution. AKTK — Y4y | vOa; _ Va5
The integration over the phase space of the three-body
decay relies on the equation of [3] CS mode T-amp/t,
+.0 g0
1 [AB,->BMM?* , 2'rK V2a, +v2a3 +2V2a,
I'= 3 3 dmlzdm23, (8) Sta Kt —2612 - 203 + 2616
m2, Jm3, (2”) 32ch KO0 Voa, + Voas _ 2V6ay
3 3 3
where my = py + pyrs M3 = pyr + pa,» and A(B, — X0z K" —V2a; = V2a; - 2v/2a,
B,MM') isrelated to T(B. — B,MM’") given in Eq. (7). In 20Ky \/3;“2 + @“3 - M%
Tables I-1II, we show the full expansions of T(A} — St Kt " 4a 4+ 2a5 ‘
B,MM'), T(Ef - B,MM'), and T(EQ—- B,MM'), p¥z0 —da, —2a, + 2as
respectively. In general, the SU(3), parameters depend P 23, _ 2v3a; | 2v3as
on m, and m,3. However, all structures in the Dalitz plots . } y ’
. prtw —4a, —2a, + 2as
come from the dynamical effects, such as those from the 4o
. . . pK™K —4a, —2a3 + 2as + 2a,
resonant states. Clearly, the squared amplitude in the Dalitz 0.0 s Say | Aas | 2us
plot is almost structureless for the decay without the P '70 —4a - F-F AT T
resonance. As a result, we treat our decay amplitudes as na'n 2\/36“2 - 2\/36““ + 2‘/36“5
constants without energy dependences so that they can be nK+K° 2a, + 2a, + 2as + 2aq
factored out from the integrals as an approximation. AOZOK+ V3ay _ay _ 23as
3 3 3
0+ k0 Vea, eas  2VE
III. NUMERICAL RESULTS Nk B e R
AND DISCUSSIONS AK 0 ~% 4% 2 0g
In the numerical analysis, we perform the minimum y? fit 2
to examine if the SU(3), symmetry is valid in the B, — DCS mode Tramp/t;
B,MM' decays. The equation of the y? fit is given by TYKOK” day
SOKOK 2\/§a4
Bi _ Bi 2 S-KTK* —4a4
2 _ th ~ Pex
a Z< Tl > ’ ® Pk’ ~v2a;
pr KT 2a,
where By, as B(B, — B,MM') is calculated by the SU(3) , PK"n’ - ‘/6;“2 - Z‘Cﬂ
parameters, and 5., the experimental value in Table IV, na®K+ —V2a,
with ¢ the experimental error. With sin 6. = 0.2248 [3], KO —2a,
one obtains that 7. = 0.2307 as the input in Eq. (5). The nkK+n° Voa, I 2V6ay
3 3

SU(3), parameters are written as
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TABLE II. T-amplitudes of Zf — B,MM’.

TABLE II. (Continued)

CF mode T-amp DCS mode T-amp/?
=ta0K0 —V2a, —\2a, natn° _M%
2:,-521(0* 2a, nKTK° —2as —2ag
>tK% _@ + @ A0+ 2War | as | 2/3as
30+ RO 3 T3 +73
n V2a, A0zt KO 2w, | Voay | 2eas
=020 7+ V2a, 3 3 3
Eozty® _2V6a, _ Voay
3 3
BEOKTKO —2a,
S xtat —4ay
pK°K? day TABLE III.  T-amplitudes of 20 — B,MM'.
Aozt KO
v6ay CF mode T-amp
CS mode T-ampl/t, 2+ﬂolf_ V2as
E+77:0]7;0 —4(11 - 2(13 + 205 Z:ﬂ.__K(()) 2a5 _\|/—€2a6
Z+7I0110 2V/3as _ 2v3a, + 2v3as 'K n _Ta5
Stata —4a? —2a; 3—}- 2as -ﬁ 2a¢ ZZ”OKO a2 a4 s+ 2de
STKTK~ —4a| - 202 + 2Cl5 Zoﬂ_zl(o_ \/?\/Eaj__ \/E\;l_s
3a 3a 3a
=’ —day =S -2p iy s =K ot
20707+ 2a, >t KO 2a, + 2aq
Zo,ﬁni) _ 2\/3§a; n 2\/3§a4 _ 2\/3§a5 207090 2\/3502 + 2\/3503 + 2\/35“4
SOK*TKO —\2a3 — \2a, — \2as Eozﬁzf‘ —da, —2a, —2a,
S dag EOKOKO —2(2a; + a; + a3 — as — ag)
E'n°K* V2a, —V2a4 +\2as EEI?(I]‘(‘ —4a, + 2as \
EOH+K0 2a2+2a4+2a5+2a6 E mn —2(2(11 +£§_2+%_3+l;_4_%)
EOK 0 _ Vea, + V6ay _ Voas Ea'nt V2a,
. 3 3 3 ==t ,0 26 6a.
= r[fI(Jr 4ay + 2aq =T ’7_ _@_%
pr’K° V2ay, +\2a; ETKK° —2a; + 2a,
prt K™ —2a, —2as + 2ag pK~K° 2ag
pK° Voa | oy | 4Gy nK°K? 4ay + dag
nztK° ‘ 2a6 A'z°K° V32 +%+a,+%)
a a a 0 -
AZ”+’7?O —472—23—34-2(14 +%+2a6 A K ‘/2“24_2\/36”3 +@
A’KTK _2\/3632 _ @ _ \/6614 + \/gas
CS mode T-amp/t,
DCS mode T-amp/1> S0z —V2ag
s 0 K0 —/3as Tt 2\/5# + V6ay
Z+7[_K+ 2a3 - 2a6 2+K0K_ 2(15
SHKO0 \/6;03 2@04 207070 2v2a; +V2ay — \2as — 2v/2aq
SOR0K+ as —2aq 207" —Voay | Voas 4 Vs \/Gag
ZOE+KO \/5613 20”+7t_ 2\/201 =+ \/§a3 - \/§a5
TOK+ 0 @ 3 z@@ TOKOKO V2(2a, + ay + az + a, — as)
S atKt —2aq SOKTK- 2v2a; 4+ 2a,
SKK. I =P VE(2a +i 4 G-
= ({(OK —4404 —24a6 2—ﬂ0ﬂ+ _\/§a6
pr'rw a) — 2ds >—atn° 2v6a; | 2v/6
O oo a — 220 4 24 4 /fbag
4 3 E_K+KO —2a3 - 2(14
pr 4a, —2as 20K+ 2a, + 2a3 + 2as
pK'K 4a, + 2a, + 2a3 50 0,,0 \/‘ a _ay | 2a4 _as
+ - =& 6(—F—F+3 =5+ ae)
pK K 4(11 + 2a2 + 2(13 - 2a5 - 2a6 = 0+ -
p770770 4[11—5-%4—83&—0-8%—23& = 'K \/§a3—\/§a4—\/§a6

(Table continued)
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TABLE III. (Continued)

TABLE IV. The data of B(Af — B,MM) from the PDG [3],
except for B(AF — =t2%°, pK*7~) [4,9].

CS mode T-amp/t,
[ 2, + 2a, Branching ratios Data Our results
prn’K~ —\V2as5—\2a 102B(Af - pK—n") 34404 33+£1.0
KO a5 102B(AF — pKOp) 1.6+ 0.4 0.9+0.1
A e T I o1
na kY V2az + Va3 +v/2a5 ~ V2a 102BEA3 N z;!;]z)—) 44403 44+35
na K ~2a; = 2a; —2ay 102B(A} - X rtat) 19402 19413
nKn VB(5§ 45 454 + 5 + a) 102B(AF — X0+ 2°) 22408 104038
A7’z V6(=2a; =% =5+ %) 102B(A — +297) 1340.1 13413
ANzn° V23 + % —a,— %~ a) 10°B(AF — SHK*77) 21406 3.0+04
Artn™ V6(—2a; — 22— % + %) 10°B(Af - E"K*nt) 6.24+0.6 6.3+0.6
ACKOKO V6(=2a, — ay — a3 — a + as) 1023(53 - B ntat) 6.1 +3.1 72+20
AOK+K- V6(=2a, - Q. 2% + 2%) 10;‘5’(/\3*.r - pﬂ__ﬂ+2 42+04 47£1.6
AW (20— 2 a4 s+ 200) 10B(A; ~ pK=K") 52£1.2 50421
3 3 10°B(A} — pK*z-) 1.0£0.1 1.0£0.1
DCS mode T-amp/1>
ta KO —2ag . ) ) )
3070 KO as — 2ag which may result in overestimated error ranges in our
S0~ K+ —\as results. .
SOK0,0 iy, 2a, To determine the S i] (3); p_araimeters, we use the
s 0Kt 3 /3 3 nonresonant parts of Al — pK~z" from Ehe PDG [3].
_”+ 0 a3 Note that the resonant A} — p(K** =)K zn™,
Tk 2a3 =24 K~ (A(1232)* =) pa*, and 7+ (A(1520) —) pK~ contri-
K _ Voay _ 2/6ay buti , \ :
3 3 utions are separated from its total branching ratio.
E'K°K° —4ay — 4ag In addition, the decay of A} — pK~K* is free from
ETKK* —2a4 —2ag the resonant one of Al — p(¢ —)K~K™'. For the other
prn’ —N;ﬂ A} decays in Table IV, some of their resonant parts
pKK™ —2as - 2ag might be present, but taken to be small, such as B(Al —
na'r’ 4ay —2as = (p® =)xta~) < 1.7% [3], which should be insensitive
nz’n’ M% to the fit. We hence use their total branching ratios,
nxta™ 4a, —2as instead of excluding the resonant contributions. The
nk’K° 2(2a; + ay + a3 — as — ag) =207 - B,MM' decays are partially observed, such that
nK K- 4a, +2a; + 2a3 we can barely use their data. Nonetheless, in terms
'y’ day + 5+ T R - of T(AF = E-Ktat) = 1/(=2t)T(Ef — S atat) =
A'z°K° —V3(3 4+ ) —2a¢ and the data of B(Af — E"K'z"), we obtain
Az~ K* V622 4 % 4 2s) B(E; - T atzat) = (1.1£0.1) x 1072, by which the

9,

ay, ayen, ayes, aze, asel(s”-s ) 06315“6’ (10)

where the phases Ouypy
numbers associated with a;, while a; can be relatively real.
This leads to the reduced 11 parameters to be extracted
with 14 data inputs in Table IV, where the fitting values
of a; and 6, are shown in Table V. We find that
y*/d.of. = 8.4/3 = 2.8 with d.o.f. representing the degree
of freedom, and we reproduce the branching ratios in the
third column of Table IV in order to compare them to the
data. Note that in calculating the decay branching ratios, we
have treated our SU(3), parameters as independent ones,

, are due to the nature of complex

observed ratio of B(Ef - X 7" z")/B(Ef - E ntznt)=
0.18+£0.09 and it leads to B(Ef - E z'z") = (6.1+
3.1) x 1072 as given in Table IV.

TABLE V. Fitting results for a; and 6,,,.

a; Result (GeV?) 0, Result
a; 9.1£0.6

a, 4.6 +0.2 Oq, 164° + 5°
as 82+03 g, 135°+5°
ay 29+£04 0q, -30° £ 13°
as 154+14 g, 24° 4 3°
ag 42+0.2 Oqq 120° £ 10°
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TABLE VI. Numerical results for the branching ratios of TABLE VII. (Continued)

Af = B,MM', where By i = B(AL = B,MM').

CF mode Our result
CF mode Our result 102Ba s 19405
10°Bys o, 3.5+08 102Bzo 1.0£0.2
10° By gogo 52£12 10° B go 49405
IOSBE‘K‘K‘ 3.0+07 1028171'(01'(0 434+1.2
107 By 28£06 102Byo, g0 46412
102 Byo g1 0 34408
102820 K+ KO 0.5=£0.1 CS mode Our result
igzg;ff’; g:g i?:g 10262+,,o,70 9.6+ 1.8
10°B, 050 2.840.6 18352%:* 2411 i fg
10°B e g 09+08 103321?:7 1.0+ 04
10*Bg: 0,0 1.8+ 1.0
CS mode Our result 10° 620:0:+ 56405
104BZ+HDKO 8.6+£2.6 10382(]”“70 94+£1.8
10532+k0;10 35+04 103520,(”-(0 44409
103 Bso o+ 1.24+0.3 10%Bs- 5+ L.1+0.1
10*Bsogs go 83£25 10° Beogo g+ 64+1.6
10° Bsog+p 1.8+0.2 102Bzo .+ o 1.9 + 0.4
10*By- -+ - 33423 10*Baog+ o 13403
10°B,,0,0 24+08 10*Bs- i g+ 83453
10°B, 0,0 3.7£09 1028050 24£02
1038 o0 43410 1028, - 24403
10*B,,,0,0 47+1.0 10°B,,+ g0 55405
1038, 73+1.8 102Broge,p 1.740.3
10°B, 4+ go 59+13 103Bogs go 47+1.0
10°By0,05+ 45408
10380+ g0 88+ 1.5 DCS mode Our result
10*B ok 1.9+0.6 104 By g0 26402
10* By g+ 144023
DCS mode Our result 100 Bs+ KO0 20£1.4
10Bg: goxo 20+0.5 106 Byo o+ 76+5.9
10°Bsogo g+ 2.0+ 0.6 10*Bso .+ ko 25402
109Bs- g+ g+ 20+£0.5 IOGBZ()K+,70 1.0£0.7
10°B,,0x0 50405 10*By- - g+ 1.340.1
]OSBnn“K+ 504+0.5 10685()K[)K+ 3019
10*B, .+ o 1.0£0.1 109Bs- - g+ 57432
10°B 0,0 72418
10°B 0,0 1.1£02
10°B, - 1.4+ 0.4
TABLE VII. Numerical results for the branching ratios of 10°B PKORO 7717
ES — B,MM', where By = B(ES - B,MM'). 108,k k- 1.6+1.2
10°B,,,0,0 93£4.5
CF mode Our result 103 Boy 21404
10° By oo 54+40 10°B, - ko 1.6 £ 0.3
10°By: k- 6.1+£0.6 10*Bojox 50+1.0
10° By goyo 46+0.6 10*Byo,+ o 9.742.0
10%Byo ,+ go 12403 105B s 9.0+22

(Table continued)
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With y?/d.o.f. being 2.8 in Table V, it turns out to
be a reasonable fit, so that the SU(3), symmetry with the
reduced parameters can be used to explain the three-body
B. — B,MM’ decays. The relations of T(Af —nK°z") =
T(Af -X72%") and T(Af - Z2% ") =T(Af -
X xtnt)/2 yield

B(Af = nK’z") =~ B(Af - 2% )

~

B(Af - X ztz"), (11)

N[ —

which agrees with our numerical analysis. Note that the
calculation of B(Af — X7 z"z") needs an additional
prefactor of 1/2 to T(Af — X ztz") due to the fact that
the #7z" meson pair involves two identical bosons.

From B(A! - pK*n7)/B(Af - pK~n") = tan*d,,
we find that Rg, =1.1+£0.3 in the fit without the
resonant part. The ratio of Rk, ~1 is related to the
same topological diagrams. Note that the experimental
data of Rgﬁp:0.58i0.06 by LHCb [9] has been
obtained by including the resonant contributions in
Al — pK~z". The predictions from the lowest-wave
contributions, B(Af = na"K°, pK°zY) = (0.9 £ 0.8,
2.8 +0.6) x 1072, are smaller than the data of (3.6 =+
0.6,4.0 £0.3) x 1072 [3,5], which indicates that the
resonant and/or high-wave contributions have not been
clearly identified yet.

There exist the sum rules for the T-amplitudes in Table 1.
In particular, by taking the CF Al decay modes as an
example, we obtain

R(A) =T(Af — nK°z%) = T(Af - pK-n) = V2T (Af — pK°z°) = 0.

1
T(Af - Zt2%%) = T(Al - Ztatn) + = T(Af - Zntnt)
T(Af - ZtKOK?) — T(Af —» ZTKTK™) — V2T (A — Z°KTKO)
T(Af - E%TK) = T(Af - B )

Note that the first relation of R(A) in Eq. (12), which has
been used in Ref. [5] to reveal the broken isospin symmetry,
is also derived by the isospin symmetry in Refs. [6,7] with
some different signs in the relation due to the conventions
of the #+ and K° states. In addition, the second relation
in Eq. (12) can be identified as the special case in Ref. [7],
given by

T(Af - Xt2%%) - T

aym(AL = ZFrtaT)

1
+ ET(AEr - X atx") =0, (13)
with the symmetrized amplitude of

Tym(Af = Ztata™)
1

=3 [T'"(Af = Ztata™) + T'(Af - 2tz z")], (14)

where T'(A} — Ztz%7zT) are the amplitudes calculated
by the isospin analysis in Ref. [7]. Likewise, one can
take the relations in Eq. (12) to explore the broken
SU(3), symmetry. There are other relations and sum rules
obtained from the U-spin symmetry, which is also a subgroup
of SU(3), [41].2

*There is also a sign issue for the U-spin quantum state in
Ref. [41].

2 0
0

aTKY) = V2T (A} — E'2°K) = 0. (12)

TABLE VIII. Numerical results for the branching ratios of
E) — B,MM', where By i = B(E? - B,MM’).

CF mode Our result
10?Bs+ o 88+ 15
10' By - go 1.8+£0.3
103Bz+1ﬁ10 52£09
10?Byo oo 44+1.1

10?Byo 1+ g 54£12
103620ko”o 14+£03
102 Bzo 0,0 8.1+19
102 Bzo 0,0 12402
10" Booi - 1.3+£03
103 Beog+ k- 3.6£09
104650,70,70 22+09
103 Be-yo,t 46+1.2
102657,#,10 1.1 £0.1

1028, k- ko 1.2+0.1

1038’1['(()['(0 64 :I: 6.3
102B o050 20£0.6
10?Bpo, k- 59+0.8
CS mode Our result
10* By 50, 7.240.7

10° By 0 57409
10° By gog- 24+04
103 Byo 0,0 1.3+£03

(Table continued)
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TABLE VIIL (Continued)

CS mode Our result
10382()”0’7() 19 Zl: 04
10*Bsog+ - 9.7+1.7
10°Byo, 0,0 23+12
10* By 0+ 71406
10*By- -0 6.34+2.0
10*Bg- g+ o 29+0.6
103 Bzo 00 3.0+0.7
103 Bzo,- g+ 48409
104 Bg- o 62+13
10*Bz- 4+ ko 72415
10°B,,0k- 954+1.6
1028, g0 1.940.3
10°B ,x-p 1.84+0.3
1038050 52413
10?8, 5+ - 1.5+0.3
1038, 0,0 19406
10%B 0,00 53415
10°B o0, 22404
10280, 5 1.14+0.3
10*Brog k- 30+25
10*Bo,0,0 24+ 14
DCS mode Our result
10° B+ - ko 34403
10°Byo -+ 6.5+0.5
107 Bgogo,0 26+ 1.7
10°Bg-jox+ 6.440.5
10° By e o 34407
10" By g+, 51434
106 Bgo o ko 1.5+ 1.1
107 Bz gog+ 71467
10*B,,,-,0 54409
10*B,, gok- 4240.7
10*B,,50,0 1.8+0.5
10*B,, 50,0 27405
10*B,,+ o 3.6+0.9
10° B, o ko 39+29
10*B,x+ k- 20+£05
1058,,,0,0 24412
10* B0 g0 13403
10*Bo, g+ 25405
10°Bogo, 23+0.6

The not-yet-observed B(Af — B,MM’) can be calcu-
lated by the SU(3), parameters, which are given in
Table VI. The branching ratios of the three-body =0
decays are partially observed, such that we predict
B(ES — ByMM') in Tables VII and VIII, respectively,
to be compared to the upcoming data.

IV. CONCLUSIONS

We have studied the three-body antitriplet B, —
B,MM’ decays in the approach of the SU(3), symmetry.
In our analysis, we have only concentrated on the S-wave
MM'-pair contributions, so that the decays of B, —
B,MM' can be decomposed into irreducible forms with
11 parameters under SU(3),. With the minimum 2 fit to
the 14 existing data points, we have obtained a reasonable
value of y?/d.o.f. = 2.8. With our numerical results, we
have shown the same triangle relation of A(A} —
nK'z*) — A(Af - pK=7") —V2A(A - pK°z®) =0
under SU(3); as that based on the isospin symmetry.
In addition, for the CF decays, we have obtained the
sum rules of A(Af — t2%7°) — A(Al - Ztatza) +
1)2AA;f - Zztzat) =0, A(Af — ZTKOK?) -
AN = ZHKYKT) = V2A(AY - X°KTK?) =0, and
AAF = BT K0 — AN} — B a7 KT) — V2AAS —
292°K+) = 0. Furthermore, we have predicted that
B(Af —»natK?)=(0.9+0.8)x 1072, which is 3—4 times
smaller than the BESIII observation of (3.6 £0.6)x
1072, This indicates that there are some contributions from
the resonant and/or P-wave states. For the to-be-observed
A — B,MM' and the partially observed 2" — B, MM’
decays, the branching ratios have been calculated with the
SU(3), amplitudes, to be compared to the future measure-
ments by BESIII and LHCb.
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