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Abstract: Here, we study the production of charmonium pentaquarks ccgqq from bottom baryon and B-meson de-

cays under the flavor SU(3) symmetry. Decay amplitudes for various processes are parameterized in terms of SU(3)

irreducible nonperturbative amplitudes. Numerous relations between decay widths are deduced. Moreover, the

strong decays of pentaquarks are considered. Our results can be tested in future measurements at LHCDb, Belle II, and

CEPC. Once decay branching fractions are measured, this study will be useful for the exploration of new decay

channels and pentaquark states.
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I. INTRODUCTION

In 2015, the observation of J/ p resonances consist-
ent with charmonium pentaquark states in A) — J/yK p
decays were reported by the LHCb Collaboration [1]. In
practice, states that decay into J/y p may have distinct-
ive signatures [2]. Minimal quark content can be identi-
fied as ccuud, which is the charmonium pentaquark. Al-
though the existence of this pentaquark, which is com-
posed of four quarks and an antiquark, has been pre-
dicted since the establishment of the quark model [3-5],
its experimental analysis has taken a long time. Such new
particles have drastically changed our understanding of
exotic states, which cannot be included in the convention-
al quark-antiquark and three-quark schemes of standard
spectroscopy. Charmonium pentaquarks are labeled as
P, exhibit electric charge, and couple to charmonium. In
addition, they are the first exotic states observed in the
heavy-flavor baryonic sector.

Subsequently, a series of pentaquark candidates were
reported. In 2019, the LHCb Collaboration updated their
analysis of A) — J/wK~p and found a new state, P.(4312)
[6]. In 2020, a new structure in the J/¥A invariant mass
distribution, consistent with charmonium-like pentaquark
with strangeness P.,(4459), was obtained from an amp-

litude analysis of Z, — J/yAK~ decays [7]. In 2022,
evidence for a charmonium pentaquark P.(4337) in the
J/yp and J/y p systems was found in B — J/ypp de-
cays [8]. In 2023, an amplitude analysis of B~ —
J/yAp was performed, and a narrow resonance in the
J/yA system consistent with a pentaquark candidate with
strangeness was observed [9]. It seems that we will ex-
perience a new era in which an increasing number of such
exotic states will be progressively observed in the near
future. Therefore, it is of prime importance to understand
the sub-structure of these pentaquarks as well as provide
practical information for experimentally exploring new
pentaquark states.

Experimental progress has made a great impact on the
hadron spectroscopy and attracted a lot of theoretical in-
terest. Proposed interpretations of pentaquarks include
compact pentaquark scenarios [10-14], molecular mod-
els [15-19], hadrocharmonium model [20, 21], or peaks
due to triangle-diagram processes [22—24]. Besides, there
are also studies on the properties of other pentaquark can-
didates with different quark components [25-29]. Des-
pite these encouraging results available in the literature,
we should stress here that the precise structures of
pentaquarks remain unknown. There is no consensus to
explain how the five quarks, i.e., four quarks and an anti-
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quark, are dynamically structured. At this moment, both
experimental and theoretical studies are not yet conclus-
ive. It is widely recognized that to disentangle the vari-
ous models and further understand the nature of char-
monium pentaquarks, searches for additional productions
and decay channels are crucial [30].

The decays of B? offer us a cleaner environment to
search for pentaquarks than baryonic A) and =, decays
[8, 31]. However, regardless of whether baryonic or
mesonic decays are considered, calculating the decay
amplitudes of these transitions is a formidable challenge;
there is no factorization approach established to handle
production processes of P.. Flavor SU(3) symmetry can
be used to relate various relevant decays and constitutes a
useful guide for future search of pentaquarks. One signi-
ficant advantage of the SU(3) analysis is that it is inde-
pendent of the factorization details, allowing us to relate
various decay modes despite the unknown nonperturbat-
ive dynamics of QCD [32—54]. Certain theoretical mod-
els predict that some of these charmonium pentaquarks
belong to the octet multiplet of flavor SU(3) [55, 56].
Thus, finding the other states in the multiplet will provide
key evidence for these models.

In this study, we consider the production of charmoni-
um pentaquarks from b-baryon and B-meson decays by
utilizing flavor SU(3) analysis. Some testable relations
for b-baryon decays into a pentaquark plus a light meson
and B-meson decays into a pentaquark plus a light bary-
on are presented. The strong decays of charmonium
pentaquarks are also discussed. Some particular pro-
cesses can be used as signatures to reconstruct
pentaquarks. The main motivation of this study is to
provide useful suggestions for experimentalists to find
new P. states or new production and decay modes of
already observed P,.

The rest of this paper is organized as follows. In Sec.
II, we present irreducible forms for the particle mul-
tiplets in the SU(3) symmetry. In Sec. III, we analyze the
nonleptonic decays of b-baryon and B-meson. The strong
decays of charmonium pentaquarks are investigated in
Sec. IV. Finally, Sec. V concludes the paper.

. PARTICLE MUTIPLTES

In this section, we present the representations for the
hadron multiplets required in this study. Under the flavor
SU(3) symmetry, the b quark is a singlet, whereas light
quark ¢ belongs to fundamental representation 3. Thus,
the b-baryon contains an antitriplet and a sextet in the
SU(3) space, which are respectively denoted as 8 and C
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The bottom meson forms an SU(3) antitriplet:

B=(B, B, B ). )

The charmonium pentaquark addressed in this study con-
tains at least three light quarks in addition to a c¢ pair,
i.e., [ccqqq]. Under the flavor SU(3) symmetry, the heavy
quarks are singlet, and the light quark transforms under
the flavor SU(3) symmetry as 3®3®3=108®8®10.
We express the octet pentaquark as

Pz(] PA
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Discoverying these pentaquarks in the multiplet is a pos-
sible approach to verify the relevant theoretical model.

For the meson sector, the light pseudoscalar mesons
form an octet:

0

 q
=+ L * K*
V2 Ve
(My)! = e R B 4)
' V2 Ve
_ 0 n
K K -2—
V6

Here, # is considered only as a member of octet, while
singlet 7, is not considered to avoid the octet-singlet mix-
ture complexity.

Light baryons made of three light quarks are ex-
pressed as follows:

1 1
— 304 — A0 s p

V2 Ve

Singly charmed baryons can form an antitriplet or a
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sextet. In the former case, we have the following matrix
expression:

!
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(6)

and in the latter case, we have the following matrix ex-
pression:

1 1

S+ s+ =t

c \/Z c 0 c

1 1
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The anticharmed meson forms an SU(3) triplet:
5’:( D', D, D; ). ®)

The best calculation process for the magnitudes of
CKM matrix elements [57] is as follows:

[ Vil Vil Vil
WVeal  Vesl IVl | =
L Vil Visl [Vl
[0.97370+0.00014 0.2245+0.0008 0.00382 +0.00024
0.221+£0.004 0.987+0.011  0.0410+0.0014 |,
| 0.0080+0.0003 0.0388+0.0011 1.013+0.030
©

which will be useful in the subsequent discussions.

To describe the various decay modes in the frame of
SU(3) analysis, we must construct the hadron-level ef-
fective Hamiltonian with representations for the initial
and final states listed above. It is worth stressing that a
hadron in the final state must be created by its anti-
particle field. For instance, we need a P, field in the
Hamiltonian to create a P, pentaquark in the final state.
The constructions of a hadron-level effective Hamiltoni-
an are presented in the following sections, resulting in
simple relations among the decay amplitudes.

III. PRODUCTION OF PENTAQUARKS FROM
B-BARYON AND B-MESON

A. Decays of b-baryon
First, we discuss b-baryon decays into an octet

pentaquark and a light meson. The leading-order effect-
ive Hamiltonian is given by

Hoelb = ge0) = o (VaVi,(€10,4C:00 ) (10

with

0:= (E"bﬁ> V-A (qﬁC‘Y)va ’
01 = (Coba)v-a (Gpcs) . » (1)

where g can be d or 5s.Gr andV;;denote the Fermi coup-
ling constant and a CKM matrix element, respectively; O;
is the low-energy effective operator; and C; is the corres-
ponding Wilson coefficient. We have neglected contribu-
tions from penguin diagrams; they are substantially sup-
pressed in relation to the tree diagrams. Operators O;
transfer under the flavor SU(3) symmetry as 3. The cor-
responding quark level transition b — c¢d/s can form an
effective vertex, H, with (H)!'=0, (H)*=V;, and
(HY =V~

At the hadron level, for a b-baryon that belongs to the
antitriplet decays into an octet pentaquark and a light
meson, the effective Hamiltonian is constructed as

Her = a1 (B)'(H)" (P (M)},
+ay(B)"(HY & (P)| (M),
+as (B)[m(H )€ jk(a);((ﬂ){;l- (12)

For a b-baryon belonging to the sextet, the effective
Hamiltonian is expressed as

Her = bi(C)'(H)" €3 (P)f (M),
+b,(C)™(H) € ik P); (M),
+b3(C)"(HY €,(P) (M)],. (13)

In the above expressions, we suppressed the Lorentz
indices and spinor forms, concentrating only on the fla-
vor SU(3) indices. Here, a; and b; are the SU(3) irredu-
cible nonperturbative amplitudes. Topological diagrams
for these decay modes are shown in Fig. 1. The individu-
al decay amplitude can be obtained by expanding Egs.
(12) and (13); its values are listed in Tables 1 and 2. A lot
of valuable information can be extracted from these res-
ults. Interesting properties are presented next.

1. Tables 1 and 2 are arranged according to the de-
pendence on the CKM matrix elements; the ¢ — s trans-
ition is proportional to |V’ |~ 1, whereas the ¢ — d trans-
ition is Cabibbo-suppressed |V,;| ~ 0.2.
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B/',j/cl/

Fig. 1.

(a)

Bjj/Cij

q

(0)

(color online) Topological diagrams for b-baryon decays into an octet pentaquark and a light meson. Panel (a) corresponds to

terms az, as, as and by, b3, by in Egs. (12) and (13), respectively. Panel (b) corresponds to terms a;, a, and b;.

Table 1. Amplitudes for b-baryon (antitriplet) decays into a pentaquark and a light meson.
channel amplitude channel amplitude
A) - Pg-mt (az —az) Vi A) - Ps-K* —a3V?,
a
A0 = Pyor® (a3 —ax) V2, AY > Py KO %v; /
A) > Pyen™ (a3 —a2) Vi A > Py~ (ar+az—a3)Vy
0 _ ” 0 0 (al +ap— a3) *
A])—)PpK a]VCS Abﬁpnﬂ' —Tvcd
X * 0 0 (2a1 +2ay-az) _,
A S PE a1 Vg, Ay = PaK %
=0 -0 _latata), 20, poord (a1 +az) _,
=p - PAK \/g cs =p — LyoTt 72 Vcd
. —o (a1 +ax—az) . _ _ .
;2 — PEOK T Vcs :‘(b) — Py+m —daj Vcd
) - Py K~ ~(a1+az—a3) Vg 20— Pk~ (ar—az) V7,
— _ (ai+ar+az) . —0 0 (a1 +ay—2a3) .
B, = PAK TVCS B, = PAm TVCd
B, - szfo (a1 +ax—az) Vg 82— P,KO aVy
_ _ (a1 +az —a3) _ (a1 +az —2a3)
. — PyoK —_—V B — Panr _
b P} \E cs b \/6 cd
(a1 +aa)
oy 0 =y
=, e PZ—ﬂ' \/j Vcd
Eg - P2—7T+ aZng
g - P.K™ —a3Vi,
= o Poon (a1+az) .,
b X \/* cd
2
Table 2. Amplitudes for b-baryon (sextet) decays into a pentaquark and a light meson.
q g
channel amplitude channel amplitude
(b2 +b3) (=2by +b3)
St Pant -V >t PAK* —= 2 y*
b % cs b \/g cd
(by—b3) b3
¥F 5 Poonrt — TV ¥F > PoK* —V*
‘b ) ‘/* cs b z cd
p) V2
b3 —b
g %Vé‘s £ — Py KO by VY,
by P,K’ bV, Tp - Pyt 2%
by +b3) . (2by=b3) .
20 — Pan® 5 e 20— PAK? BT vy
(by—b3) b3
20— ps-m* =V 20— Ps-K* —V
b T ‘/* cs b z cd
p) V2
(b3 —by) (b1 =by+b3)
30 & Pyenr™ =V >t 5P a0 L e Ty
b z V2 cs b P \2 cd
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Table 2-continued from previous page

channel amplitude channel amplitude
0 P,K- —%vgs 30 5 Py K (Zb‘;b3)v§d
%P,k %V:s 20— Pyr- —W 9
S Par (b2 \J}abg) Ve 50 s Py _(h +1922 +b3) v,
5 Pyr ey, 5 o Py K9 (b1 +b3) V2
5, = Pyor (bz\g’“ . 3, - Pun ~(b1+b3) V%,
%5 - PK" by =0 Pord % .
20 - PAK’ —Bb';rifgbﬁ Vi, g0 - Pyt —% Vi
20 Pk’ _(bizbatby) _[’22 +03)y. 20 - Pyond (b; :/12) Ve
=) - Py K- o =0 P 2
2 PAK™ W‘@ =0 Pk (b2 ;;3) .
= S PR (b —I\a%+b3)vgS =0 p, 20 %V:d
= s Pk (b —b22+b3) v = o P Gb, 2})2(; S
2 - Py b ;bZ) Ve,
2 Pyor _& ;bZ) Vi
2 - P,K" —%v;d
Q; > PAK™ (b2 +2b5) 2}62” 2
Q; - Py K ~by V2
Q5 - Pyok~ }:/%VC :
2. A number of relations for different decay widths Likewise, the following relations can be deduced
can be readily extracted from Table 1: i from Table 2:
I'(A) - P,K") =T (A) - P,K"),
T (AY > Pyr) = 20 (A) - P, (@, » Py K)) = 2T(Q; - PooK),
T (A) > Py K*) = 2 (A) - ProK) | [E - PAK) =T(E; > PAK),
I (A Py 7)) =T (A > Pyo) [E - Py K ) =TE - Py K)
=T (A) - Pyn®), =2I'(EL > PykK))
I'(E) > PAK) =T (§; - PAK"), =2[(E, - PpK"),
I(5, - Ps-1°) =T (8, — Pwor ), [(E) — Pan) = 2I(E}) — Pan’),
['(E, - Pyn7) =2I'(E) > Pyn"), [(E; - Py-n’) =I(E; — Pyr ),
I' (g, - Py-K") =T (E) > Ps.K") [(Z) = Par") =T(Z, — Ppn),
=2T (E) - PoKk’), ['(Z; = Ppr®) =I(Z, - Pypn),
=T (5; > PuK). (s — P,K) =T, - P.K),
T (A) - Ps-K*) =T (g, - P,K"), [} - Pan") =I(Z) — Pan’),
I (2) - Pyat) =T (E) - P,K°). (14) [(Z; = PAK") = 2I'(Z) — PAK"),
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[(Z; = PoK*) =T(Z) - Py K"),
[(E) — P,n°)=T(Z) — P,n),

K’

=2I(Z) —» P,K),

I - P,K) =2 - P,

[(Z) = Por*) =T(Z} — Pg:n°)
=T(X) — Py-7r)
=T(X) — Py-1*)
=T(Z, - Py-n"),

[(E) — PAn®) =T(Z, — Parr),
I(Q; - Py-K) =T (%} > Pur?)
=2I'EY - P,K)
=2I'(E — Py-1Y),

I[E) — PoKk)=T(E, — P,K")

[(Z; — Py K% = 2I(E) — Ps.mr),

[(Z, » Py-K)=T(%, —» P, ). (15)

The relations marked in bold are upheld by the /-spin
symmetry; they are more reliable than the U- and V-spin
relations. The abovementioned results constitute the relat-
ive relations; absolute decay rates require a reliable com-
putation of the irreducible nonperturbative amplitudes.
However, this is a daunting task, notably beyond the the-
oretical methods presently available. Moreover, the de-
cay modes of Q, might be experimentally more import-
ant, given that the decays of ¥, and Z, are dominated by
strong interactions.

3. Let us take P.(4312) as P, and P.,(4459) as P, in
Eq. (3) according to the different light valence quark
components. Then, some of the abovementioned rela-
tions facilitate the exploration of new decay modes. Com-
bined with the strong decays of pentaquarks, we next re-
port on some cascade decay modes that are likely to be
utilized to reconstruct the pentaquarks.

However, it is necessary to point out that the above-
mentioned relations between decay widths are only an es-
timate because they were obtained in the flavor SU(3)
symmetry limit, in which the mass differences between
final state hadrons have been ignored. In addition, the
hadronization processes influence the relations derived in
this study. Although the SU(3) breaking effects might be
sizable, our qualitative results should be relatively robust,
unless the flavor symmetry is broken in a much stronger
manner in bottom quark decays than empirically anticip-
ated. With more data from LCHb and other experiments
in the future, a rigorous analysis will be necessary [58, 59].

B. Decays of B-meson
At the hadron level, for a B-meson which belongs to
an SU(3) antitriplet decay into an octet pentaquark and a
light antibaryon, the corresponding effective Hamiltoni-
an is constructed as

He = c1(B),(H)" € (P)s €™ (Ty)!
+C2(B)u(H) &(P) €™ (T5),],
+c3(B)(H) €, (P)fe™(Ty), . (16)

The topological diagrams for these decays are presented
in Fig. 2. The decay amplitudes for different channels can
be deduced from the Hamiltonian in Eq. (16); they are lis-
ted in Table 3. From these amplitudes, we can find the re-
lations for decay widths in the SU(3) symmetry limit:

A’

)
=2r(B - P3)

I['(B~— PyX )=T(B” - Py

=2I(B’ - PuA’),
[(B” - Py 3)=T(B" - Pp¥ ),
(B — Py M) =T(B - Py.p)
= 2I(B" = Pyi)
=2I'(B” — Pwp),
_ — -0 —
I'(B~ — PAp)=T(B — Pan),
I(B, - P,S)=20(B, - P,E"),
r® - pPy3H)=13B - P,7),
I'(B - Pe-3)=T(B - Pul)
= F(E? g P2+§7),
I(B, > Pr-E)=T(B - P,p)
=20(B) - PpE),
I'(B, - P,p) =T(B, - P,). (17)
Amplitude analyses of B? — J/ypp and B~ — J/YyAp
were recently performed by the LHCb Collaboration, and
evidences for charmonium pentaquarks were reported.
Unlike baryonic decays, mesonic decays offer a cleaner
environment to search for new pentaquarks. The rela-
tions in Eq. (17) can be utilized to find new decay chan-
nels; for instance, Cabibbo-allowed processes B - Pun,

B - Ps.p, and ES — P,n have the potential to be experi-
mentally discovered in the future.
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Bl

(a)

=]

Fig. 2. (color online) Topological diagrams for a B-meson decay into an octet pentaquark and a light antibaryon. Panel (a) refers to

terms ¢, and c3 whereas panel (b) refers to term ¢; in Eq. (16).

Table 3. Amplitudes for B-meson decays into a pentaquark and a light baryon.

channel amplitude channel amplitude
_ Q2cy+c3) 0 (c2—c3)
B~ — Py - - Py
p V6 cs B~ — Pyg-A NG cd
_ _ - i __ (c2—c3) .,
B~ — Ps-n —c3 Vi B~ — PpAX 6 od
C3 1 (c2+¢3)
- _ <0 3) s
B~ — Psop \/EVCS B~ — Py-% NG Ve
2¢y +¢3) __ (c2+¢3)
0 _Qertc) _ (e2+e3)
B — PAll % Ves B~ — PyX 5 Vi
—0 B oy - — «
B — Pyon \/ivcs B~ —P,p CzVC
" (6c1 +c2+5¢3)
EO — Ps+p -3V EO — PAA Tvcd
—0 —0 Bey+2c2+c¢3) —0 —0 (c2—c3) *
B, — PAA fvcs B" — PAX - 2\/’5 cd
E? - Py3 (c1+¢3) Vi B Ps-3" (c1+cr+c3)Vy
—0 =0 " —0 —0 (c2—c3)
B, — PgoX (c1+c3) Vg B — PgoA T
— . 2c1+cy+c
E(S) — Ps+2 (c1+c3) Ve EO — PyoX %V:d
—0 _ " = v
By — Pyp c1Ves §0—>PZ+Z c1Vey
B P,7i 1V - P,p (c1+e2) Vi

— P,\EO
B, > Py =
E? - oni)
E? > PpX
ES - P,,KO
E(S) - Pnfo

(c1+cr+e3) VY
(Cz + 263) .
\/6 cd
aVy
oo,
R
-3V
(262 + C3)

V6

c3 "

v Ve

*
Vcd

IV. STRONG DECAY OF PENTAQUARK

The particular decay processes of P, states in the de-
tectors can be adapted as signatures to reconstruct these

JIWA

exotic states. Currently, the experimental searches for
pentaquarks mainly focus on the strong decays of P,; this
is the case of P.(4312) > J/yp [6] and P (4459)—
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These processes belong to strong decays. Therefore, there
are no effective vertices; this is a unique property com-
pared with the weak decays of a b-baryon and B-meson.
The decay amplitudes deduced from Eq. (18) are presen-
ted in Table 4, showing that all the decay widths are the
same:

L(Py — AJ/y) =T(Ps- —> =7 J/§)
=I(Py — " J/¥)
=T(Ps — X J/y)
=I(P, — pJ/Y)
=T(P, - nJ/y). (19)

Other possible processes include an octet pentaquark
decay into an anticharmed meson plus a singly charmed
baryon in an antitriplet or a sextet:

H,rr = e € (P (T3)uD,;
+e26M(P)(Tes)iD; - (20)

The corresponding decay amplitudes are presented in
Table 4, which lists the relations among various decay
widths:

Table 4. Amplitudes for strong decays of pentaquarks

channel amplitude channel amplitude
Pr— ATy —d, Ps- —> Tty —d,
Pso = 2J/y —d, Ps+ = X7 J )y —d;
P, > E Y —d P, >y —d,
Py — AID; ES Py - EF D™ _ﬁez
3 2
=+- el —0
Py —E:D G P, - 3D -e
el \f}
—05=0 - —05=50 €2
PA—>:‘?D \/6 PA—>:COD B
Py- — E0D~ el Pg- —30D; ()
S €1 Oy €2
Pso - EID % Ps- - E’D _E
€l
Py — 20D’ o Pyo —> D5 e
=ty e
Py > ED° —e| Pyo > E*D -2
€2
PP_)A:BO el Pyo —>E£050 )
P, > AYD" el Py+ > XDy —e2
€2
) £
Ps+ - EfD NG
P, > XD e
=0 _&a
P, —>3%D i
+n- €2
P, - XD %

2T(P, - A;D) = 2I'(P, — A'D")
=2I(Py- — ED")
=2[(Py. —» E'D")
=3[(Py - A D)
=4[(Py — E°D")
= 4T(Py — E°D")
= 12I(Py > E'D")
= 12I'(P, — E°D",

3T(Py- — 3°D;) = 3I(P, —» 3°D")

=3[(Py — I7D))
=3[(Py — 5:D;)
=3[(P, > X" D")
=4T(P) — ED")
=4I(Py — Z°D")
= 6I'(Py. — =D")
=6I'(P, > 3D’
=6I'(Py- - E°D")
=6I(P, > 57D")

= 12I'(Py — E°D")

= 12I(Py — E/*D"). 1)

If we take P.(4312) as P, and P.(4459) as P, in Eq.
(3), the discovery cascade decay modes reported by the
LHCDb Collaboration are

A)— P, K~ = JlypK~,

(22)
E, > PAK = J/yAK".

According to the results in Secs. III and IV, we can ob-
tain the cascade decay modes of a b-baryon, which might
be useful for finding new pentaquark states. In addition,
there are cascade decay modes of a B-meson with probab-
ility of being experimentally discovered. All of them are
presented in Table 5.

Note that the singly Cabibbo-suppressed decays of b-
baryon are also presented in this table because a
pentaquark has been identified through Cabibbo-sup-
pressed process A) — P~ — J/y pn~ by the LHCb Col-
laboration [60]. Given that most of the multiquark states
(X,Y,Z,P.) have been observed in the B-meson and b-ba-
ryondecays, we anticipate that some of the cascade modes
in Table 5 will be measured in the near future.
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Table 5. Cascade decay modes of b-baryon and B-meson with potential to be experimentally discovered.

Cascade Channel Cascade Channel

A — P,,+f0—> n+J/zp+fO B?—» Py+n— n+J/y+n
A) - P +K - A;'+D‘+FO E?—> Py+n— Af+D™ +7
A)— R SN 20+D°+K B - Pp+n— $0+D° +7
g - PA+K = A+ I+ K 25 Py+n— A+l +n
B - Pr+K — 24D +K 2 PA+71— 4D 47
g - PA+K - 20+ +K° B Pr+n— 20+D° +7
I - Pp+?)—> p+I+ K B Ps+ +p— LT+ +p
- PP+FO—> Ar+D +K° B Ps+ +p— Er+D +p
I - P+ > 4D+ K B Ps+ +p— I +Ds+p
- P,+K — n+J/y+K- A2—> P,+70 > n+J/y+n°
T, - P,+K™ — Al+D +K~

5, - P,+K — 0+D° + K-

V. CONCLUSIONS

We studied the production of pentaquarks through
weak b-baryon and B-meson decays under the flavor
SU(3) symmetry. Amplitudes for various decay channels
were parameterized in terms of SU(3) irreducible amp-
litudes, and a number of testable relations were provided.
Furthermore, the strong decays of charmonium
pentaquarks were discussed. According to these results,
we listed some cascade decay modes thta are likely to be
used for reconstructing pentaquark states in experiments.

Finally, we stressed that charmonium pentaquarks
constitute a unique platform for understanding the nature
of the strong force. The pentaquark spectrum with hid-
den c¢ and three light quarks is rich. Without a reliable

theory for many-body quark interactions, we have to
speculate the reason the less massive pentaquarks, whose
components are all light quarks, have not been observed
yet. The flavor SU(3) analysis has the potential to help
interpret the results of existing and future experimental
searches of charmonium pentaquarks. Finding the new
cascade decay modes of a b-baryon and B-meson presen-
ted in Table 5 will provide crucial evidence to help re-
solve longstanding remaining questions in the exotic
charmonium sector.
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