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Abstract After the experimental observation of charged
and neutral Z.(3900), it is of prime importance to pursue
searches for additional production modes of these exotic
states. In this work, we investigate the possibility to study
the Z.(3900) through weak decays of b-baryons at the
LHCb. Decay amplitudes for various processes have been
parametrized in terms of the SU(3) irreducible nonpertur-
bative amplitudes. A number of relations for the partial
decay widths are deduced from these results. The decay
widths of AY — A°Z2(3900), 8, — £~22(3900) and
2) — A°ZY(3900) have also been calculated from which
some relevant partial decay widths of b-baryons could be
estimated. The results presented in this paper can be tested
experimentally at hadron colliders in the future.

1 Introduction

In 2013, the BESIII Collaboration analyzed the invari-
ant mass spectrum of 7£J/y in the process ete™ —
atn=J/¥ at /s = 4.26 GeV [1]. The result suggests
there exists an interesting substructure in the Y (4260) —
7T~ J /3 process in the charmonium region, which became
renowned as Z;t (3900). This is an important finding since
a charged hadron decaying into a charmonium state plus a
charged meson must contain at least four quarks. Subse-
quently, this finding was confirmed by Belle and CLEO-c
experiments [2,3]. Soon after the neutral partner 22(3900)
has been also observed [4]. Such new particles changed dra-
matically our understanding of exotic states which can not be
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included in the conventional quark-antiquark and three-quark
schemes of standard spectroscopy.

The observed exotic state Z.(3900) carries an electric
charge and couples to charmonium, this makes it a unique
platform for sharp tests of QCD. Further studies on the prop-
erties of the exotic hadrons would help to understand the for-
mation of exotic hadron states and the character of the strong
force. With no doubt, these discoveries have aroused great
enthusiasm in theoretical research. Proposed interpretations
for Z.(3900) include hadroquarkonia, hadronic molecules,
tetraquark states, and kinematic effects. There were also
attempts to describe these newly discovered charmonium-
like states as excitations of ordinary c¢¢ charmonium [5—
22]. All these attempts aim at revealing the internal quark-
gluon structure and explaining the masses and decay widths
of Z.(3900), one can find much pretty encouraging results
in these papers and state that the whole picture of exotic
multiquark states is clearer than when BESIII Collaboration
firstly discovered Z.(3900). However, we should stress that
the precise structures of the Z.(3900) and other “XYZ” states
remain unknown, there is no consensus as to the underlying
dynamics which form these states.

Therefore, to further understand the nature of Z.(3900), it
is of prime importance to pursue searches for additional pro-
duction modes of Z.(3900) instead of electron-positron colli-
sion. There are some proposals such as pion-induced produc-
tion and pp production of Z.(3900) [23-25]. Here, we study
the possibility of searching for Z.(3900) from weak decays
of b-baryons at the LHCb. In 2015, the LHCb collaboration
has reported two exotic structures P.(4380) and P,(4450),
firstly observed in the Ag — P.(— J/¥p)K~ process [26].
From an experimental viewpoint, the decay A) — A°Z,
might be a suitable search channel. As shown in Fig. 1, the
tree-level amplitudes of the exclusive decays of A(b) — K~ P,
and Ag — A%Z, are comparable. Nevertheless, we should
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Fig. 1 Feynman diagrams contribute to Ag — K~ P, (left) and the analogous A2 — AYZ, (right) are presented for illustration

stress that constrained by the lack of data and nonpertur-
bative nature, there is no universal factorization approach
established to handle production processes of Z.. This gives
a barrier for us to predict their production widths through
weak decays of b-baryons systematically. On the other hand,
the approach of flavor SU(3) symmetry allows us to relate
decay modes in the bottom-quark decays in spite of the non-
perturbative dynamics of QCD [27-54]. The diquark model
predicts that the charged and neutral Z.(3900) could be in
one octet multiplet of SU(3). Finding the other states in this
multiplet will provide crucial evidence for this model.

In this work, we consider nonleptonic decay channels of
b-baryons by utilizing flavor SU(3) analysis. Some testable
relations for b-baryon decays into a Z. and a light baryon
are presented. These relations can be used as tests for pin-
ning down the suitable model for Z, states. Very recently,
the angular distributions for the decays Ag — A% J/y,
where the A% are A%-type excited states, have been derived
in terms of the helicity amplitude technique [55,56]. We
will also use this technique to calculate the partial decay
widths of A) — A°Z2(3900), 8, — =~Z2(3900) and
2) — A%Z2(3900). Having these results at hand, one can
get pieces of information on the various related decay chan-
nels through flavor SU(3) symmetry. The main motivation
of this work is to provide some suggestions which may help
experimentalists find new Z,. states or new production modes
of already observed Z, states.

The present paper is arranged as follows. In Sect. 2, we
discuss the weak decays of b-baryons whose final states
include Z. and a light baryon. In Sect. 3, an analysis of
A) — A°ZY(3900) will be presented as well as the results
of some other decay modes. A discussion based on the results
will be also given in this section. Finally, we summarize in
the last section.

2 Production of tetraquark through weak decays
of b-baryon

In this section, we start with collecting the relevant represen-
tations for hadron multiplets under the flavor SU(3) group.

@ Springer

The b-baryons contain an antitriplet and a sextet multiplets,
they are denoted as B and C
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Light baryons made of three light quarks can group into an
SU(3) octet
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The tetraquark discussed in this work contains at least two
light quarks in addition to a cc pair, i.e. [ccqq]. Under the
flavor SU(3) symmetry, the heavy quark is a singlet, the light
quark and light antiquark transform under the flavor SU(3)
symmetry as 3 ® 3 = 1 + 8. We denote the octet tetraquark
component fields as

1]

z. Ze
AT Zgs Zegs
j Z, Zey
(Z0)] = Zen- jg’ + 5B Zogo |- 3)
27,
Zek~ Zcfo - fgg

We will not consider the flavor singlet state to avoid potential
octet-singlet mixture complexity.

The weak decay modes of b-baryon into an octet tetraquark
and a light octet baryon are discussed in the following. The
leading-order effective Hamiltonian is given by

G
Herr(b — qee) = T;( VebVeg (C101 + C202)> 4)

with
01 = (Eabﬂ)V—A (éﬂCW)V—A J
02 = @Caba)v—n (apcp)y_y » ©)



Eur. Phys. J. C (2022) 82:1075

Page 3 of 9

1075

where g can be d or s. The Gr and V;; are Fermi cou-
pling constant and CKM matrix element, respectively. O;
is the low-energy effective operator and C; is the corre-
sponding Wilson coefficient obtained by integrating out the
high energy contributions. We have neglected contributions
from penguin diagrams which are significantly suppressed
compared to the tree contributions. The operators O; trans-
fer under the flavor SU(3) as 3, the corresponding quark
level transition b — ccd/s can form a SU(3) triplet with
(H3)31 = —(H3)13 = V}; and (H3)12 = —(H3)21 = V5.
For a b-baryon which belongs to the anti-triplet multiplet
decays into an octet tetraquark and a light baryon, the corre-
sponding effective Hamiltonian can be constructed as

Her = ar(B)Y (H3)ij (Z(To)] + ax(B) (H3)iw(Zo)f
x(Ty)}; + a3 (B) (H3)i(Ze)5 (Ty),
+ay(B) (H3)u (Z); (Ty)} - ©)
For a b-baryon belongs to the sextet multiplet, the effective
Hamiltonian reads
Hepr = b1(C) (H3)ir (2] (Ty)),
+b2(0) (H3)i1(Z0) (To)
+b3(C)" (H3)u (Z0)f (Ty)' . )
Where the a; and b; are SU(3) irreducible nonperturbative
amplitudes. Feynman diagrams for these modes are given
in Fig.2. After expanding the above effective Hamiltonian,
we can obtain the individual decay amplitudes which are
collected in Tables 1 and 2. Many properties concerning weak
decays of b-baryons to a tetraquark and a light baryon can be

read off from these results. We present some of the interesting
properties in the following.

1. Tables 1 and 2 are arranged according to the decay ampli-
tude’s dependence on CKM matrix elements, ¢ — s tran-
sition is proportional to |V| ~ 1, while ¢ — d tran-
sition has a Cabibbo suppressed CKM matrix element
[V ~0.2.

2. A number of relations for different decay widths can be
readily deduced from Table 1:

[(E, = Z,027) =[(E) = Z,-29),
T(A) — Z zon) = T(A) = Zck-p),
1
F(Ag d chon) = EF(Ag = Zex-D) >
ME) - Z+27) =T(E) > Z on),
T(E) = Z 0A%) =T(E, — Zx-A"),
T(A) = Ze+ D7) =T(A) — 7,029
=T(A) > Z.,-T1),
[(A) - Zx+27) =2I'(AY - Z.0x?)

=T(E, = Zg-n),

[(EY - Z,0A% =T(E) - Z. 2%
= _T(E, = Zex-AY
= _T(8, = Zey®7),
rE) - ZCEOEO) = l1“(32 — Z.x-32h)
= _T(8, - Z %)

2 cK
=T(8, — Zk-2").

And the relations deduced from Table 2:

rEp — ZCFOAO) =T(8, — Z.x-A%,
T(EL — ZepZ°) = %F(E;; — Zeg 27,
[(B) = Zp037) =T(E) = Z-3°),
D(Z) = Zepop) = T(2) = Zex-p)
T(E) = Zeg+A%) = 2I(Z) — Z k0 AY),
T(E) = Zepgp) = 2T(Z)) = Zengn)
[(S, = Zeg-n) = (2, — Z.x0T7),
T(EY — Z.p0A%) = %F(E;; — Zea-AY),
T(ER = Z.z02%) = T(EY — ZepAY),
D(E) = Zet A¥) = T(B) — Z,,0A")
=T(Z, — Zex-AY),
L(Ef — Zg+2) =T(Z) —» Zxg+Z7)
= F(E;,_ — Z.x-n),
T(E) = Zeg2H) = T(Z) - Zey 20
=T(Z, = ZeyE ),
LS - Z pop) = r(z) — Z on)
=2 (2) = Zeg-p)
=X, - Zi-n),
M(E) — Z z0%") = %F(E;? — Z.xk-T7)
= %F(Egj — Z 0%7)
=T(8, — Zx-2%,
T(E) = Zeg+n) =21 (EL — Zeg+T7)
=2r (gl - Z on)
=T(Q, > Z %)
=2I(Q, — Zk-3°),
NS = Zeg+ D) =TS - ZpZh)
=T1(2) = Zez+T7)
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Fig. 2 Topological diagrams b o c b P c
for a b-baryon decays into an X) > )
octet tetraquark and a light ¢ \ /
baryon Ze q
q
Bij/ Cij —
' q
q
Ty
K q
q q q
Table 1 Amplitudes for b-baryon (antitriplet) decays into a tetraquark and a light baryon
Channel Amplitude Channel Amplitude
A2 — Zg+ 7 (Qay +ax +az —as) x Vi Ag — Zogon % x V¥
Ag — Z.k-D Qa1 + az) x V; Ag — Zex-D (ag —az) x V};

0 0
A) > Z, 0%
A) > Z -5t
A > Z _on

b cK
A) — Zeyg A°
=0
E) > Zg-5t
=0 0
g, — ZCF)E
=0 0
g, ~> Z(\?oA
8, = Z.x-x°
8, = Zg-A°

g, = ZCF)Z_

Qar +ay + a3 —ag) x Vi
Qar +ax +a3 —ayg) x Vi
Qay + ap) x Vi

1 (6ay +ay +az +ag) x Vi

(as —aq) x V7
7 XV
(*Zazf/gsﬂu) x Vc*s
T XV

QRay—a3—as) *
7 x VI

(ag —a3) x V3

A) - Zogr D7
A) — Z.gox"
— Z 0 A°
cK©

A) = Z.pon

b cng
=0 0
) = Zg0A
E) > Z,-2t
— Z0%0
— Zcfon
E) — Zepg A°
E) > Zep 2O
=0
8, —> Zk-p
E) > Zp+ I
E, = Zix-n
B, = ZeX™
E; — Z 08"
8, = Zp- A"

B, = Zep-2°

(ay —ax) x V},
7(412*%}1%%14) x V(‘ti
(Zaz—jg—m) % Vcii

_ (ax+az—2a4) *
Ve x Vi
—Qar+a)) x V¥

cd

—% (4ay +ax +az) x VJ;

— Qai +az) x V},

—é (12ay + 5az + 5az — 4aq) x 'V},
_(az+a3;2:z4) % V:;i

—Qar +az +a3 —ag) x 'V
—Qay +az) x V}

(ag —az) x V

_ (ax+az—2a4) *
7 x Vi

(a3—ay) *
= *Va

_ (axtaz—2a4) *
7 x Vi

(a2 Jzzu) x Vc‘*d

=I(Z) = Zz-Th
=T(Z, = ZpE7)
=T(Z, = Zx-32°).

3. Some theoretical researches predict that the charged and
neutral Z.(3900) belong to the same octet multiplet of
SU(3) group. Based on the different valence quark com-
ponents, we take Zci(3900) as Z.,+ and Zg(3900) as
Z .0 in this work. Therefore, once a few branching frac-
tions have been measured or calculated in the future,
some of these relations shown above may provide hints
for the exploration of new decay modes. The process

@ Springer

Ag — A0 Z(c)(3900) would be analyzed for instance in

the next section.

Itis necessary to point out that the above relations between

different decay widths are obtained in the flavor SU(3) sym-
metry limit, where the mass differences between final state
hadrons have been ignored. Besides, the hadronization pro-
cesses whose information contained in different decay con-
stants and form factors would also affect the relations derived
in this paper. It is widely believed that the symmetry break-
ing in bottom-quark decays is pretty small in comparison
with charm-quark decays, hence we expect that the relations
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Table 2 Amplitudes for b-baryon (sextet) decays into a tetraquark and a light baryon

Channel Amplitude Channel Amplitude
+ 0 (bi+by—b3) * + (ba+b3) *
Xy = Zeg+ A X Vs Xy —> Zgop —g X Via
+ 0 (b1—by—b3) * + 0 (b3—b1) *
Eb - ZL‘H+E T X Vcs Eb —> ZCK+E T X cd
oF = Zoost % x V* oF = Zeg+ A° %fg”” x V4
55 = Zep Bt (DR v, Sf = Zgoxt —by x V¥
S5 > Z op by x Vi S5 = Zepsp ol vy
) = Zeg+ T B0 s v, 25 = Zegin —by x V¥
bi+by—b
%0 = Z,0A° —% x VX 20— Z,on L by = by) x v,
0 + (=b1+br+b3) * 0 (by+b3) *
Yy > Zeg-X% TXVCS Xy, => Zex-p =5 *Va
2y = Z gon X Vs B9 = Zgo A L2t vy,
0 0 b1+by+b3 0 0 1
) = Zep T —% x V* ) = ZxoZ 3 (b +b3) x V¥,
0 by * 0 (2b1—br—b3) *
X, > Zk-p -5 X Vi Xy, = Zepgn oA X vV
YT > Z. o%” (Cbitbytbs) o yx 0 L 7 .3 (b3=b1)  y*
b e 2 cs b ckK NG cd
S, = Zen-A° — G vy, S, = Zeg-n —b3y x V},
S - Z.,.-%0 Gi=by=by) o yx DI S by x V*
b c V2 cs b cK cd
%, = Zeg-n —by X V% g0 > Z,0x° OB vy
5, = Zepg S —Gthth) v g — Zq0A° Gitbatabs) oy,
g0 > Z 0%’ —L a4+ b3) x Vi EY = Zen-Tt kX Ve
Y > Z o A° —@hibyths) o yx Y — Z pon B XV
g0 - Zx st Gath) v, EY = Zek-p B=Rtl vy
/= 0 (2b1—by+b3) * =/0 0 _ (b1 +by) *
8, = Zk-A =5 X V& 8 = ZepgA s X Ve
/= - (ba+b3) =70 0 (b1+by—2b3)
B, > ZpX - Vi By = Zepg X IZT x Vi
) = Zek-2° —1 by +b3) x V2 EY — Zeg+ T Zx vy

8 = Zyg-X°
B, — Z.g-n

8y — Zo0%7
By — Ze T~
8 = Zeg-A°
Q, — Z.g-A°
Qh — ZC?JE

Q, > Z.g-X°

3 (by —b1) x V2,
(bljsz) x Vcti

3 (b1 —by) x V,
(b1+b2;2b3) x V;;]

(b1+b2+2b3) *
(bi+by+2b3)
zﬁ Vcd
(=2b1+by+2b3) *
%V

*
by x Via
by *
2 X Ved

derived in our analysis basically hold and many of them can  helicity amplitudes are particularly convenient for express-
be precisely examined in the future. ing various observable quantities in the Ag decays [55-58].
The amplitude M(A) — A®Z2(3900)) is induced by the

b — scc transition whose effective Hamiltonian has been

3 Analysis of A‘b) — A0 22(390()) by helicity amplitude presented in Eq.(4). The factorizable diagram of this pro-
technique cess is enhanced by color factor compared with the non-
factorizable one. One may adopt the factorization ansatz to

We carry out an analysis of AY — A% Z%(3900) in terms ~ predict its decay width, the amplitude is

of the helicity amplitude technique. As we will see later the

@ Springer
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Gr
V2
x <A0 G| A2>e;‘;(szc) ,
®

M (Ag = A° 22(3900)) = 2LV ViaRy, f1. Mz,

where ay = C1 + C,/ N, with the Wilson coefficients being
Ci(mp) = —0.248 and Cr(mp) = 1.107 [59,60]. fz, and
M3z, are the decay constant and mass of Z?(3900) respec-
tively, they are important spectroscopic parameters of an
exotic multiquark state, the decay constant is defined through
the matrix element

(O ’JMZ’ Zc> = fz.Mz.€,(s2.) , )]

with €, (sz,) being the polarization vector of Z and the inter-
polating current is given by the following expression

[€abc€dec

/2
~[ul ne | [aa@rscel o] } .0

THOE { [uF Cyser] [aaerncel )]

here a, b, ¢, d, e are color indices, and C is the charge con-
jugation operator. fz, is evaluated to be fz, = 0.0051 GeV*
[19,61]. In addition to the decay constant, there is another
factor Rz, in Eq. (8) whose dimension is GeV 3, itis used to
characterize the nonperturbative effects caused by the quark
and gluon propagators on which the momentum is of order
Aqcp. This idea is analogous to the intermediate state prop-
agator in Ag — A% J /4 [55] or the resonant propagator in
the analysis of A} — Ant0 [62]. As a rough estimation,
we take the value of this factor at the order of 1.

The hadron matrix element (A? |(3b)},_,| AY) in Eq.(8)
can be parameterized by the weak transition form factors
[63-65]

)z
PAo
(A", s) 5y bIAY(p, ) = a(p', s) (yufl +— Zfz
Ab
"
Pro
+Lf3)u(pys)5
on
"
PAo
(AP, )5y ysbIAY(p, s)) = a(p', s") <Vu81 +— f) 2
Ab
)
Pro
+¢g3>y5u(p,S),
on
(11)

where p A and p, are the initial and final state baryon
momentum. s” and s represent the spin of A and A, respec-
tively.

After the two-body phase space integration, the decay
width for A) — A%Z2(3900) is then formulated as

@ Springer

The helicity amplitudes for A) — A? are given as

1 1
Hiy (SAg = _EvSA = z,SW = 1)

1 1
= Hyv (SAg =5 SA=T55w = —1>

Mmoo +mp
= /25 [fqu)—A;—sz(qZ)] (12)

A

b

1 1
HIV <SA2 = Evsl\ = E’SW =O>

1 1
= Hyy <SA2 =TS =5 5w = 0)

2
2
5— q
= \/5 |:(mA2 +mA> fi(gh — m—Agfz(qz)i| ., (13)
1
HlA (SAO = —=,5A = E’SW — l)

nA0 —MA
=25+ [gqu) + A”m—gz(qz)} , (14)

2
s q
= q—é [(mAg —ma) 814> + m—Aggz(qz)} . a5)

with the momentum transferqg = p A= PA andsy = (m A9 +

ma)?—g?. Besides, S A9 and s 50 (sw) are the helicity of initial
and final states. Total helicity amplitude can be written as
Hy = Hyy — Hja. The form factors in helicity amplitude
are studied in the full quark model wave function (MCN)
which can be expressed as [63]

6mzdy

f(qz) = (ap + a2d2 +a4d4)exp —_—
A A Zm%\(aig +oe%\)

2
N m?2 m2 2
dn=—2 (1= 50 ) —2 1+ 50 )
m m
A} Ay ) A
5 2
+| L . (16)
mAg

with mp = m, + mg + my. Different form factors f; cor-
responds to different agp, az, a4 whose values are given in
Table 3 in the MCN model. Here dp represents one of the
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Table 3 Input parameters for spin-1/2 baryon A” in MCN quark model
[63]

[(E, — £~22(3900)) = 8.40 x 107! GeV,
(Y — A%Z9(3900)) = 2.64 x 102! GeV,

0

AN - — - B(8; — £~2°9(3900)) = 2.01 x 1075,

i . 310 oo B(E) - A°Z°(3900)) = 5.94 x 1077 (19)
iy —0.202 -0.219 —0.0103 The results displayed above is an order of magnitude lower
f;r —0.0615 0.0102 —0.00139 than Eq.(18) mainly due to the ratio of CKM matrix ele-
g 0.927 0.104 —0.00553  ments |VZ/ Vctl|2. Notably, at this stage the SU(3) symme-
e —0.236 —0.233 0.011 try is helpful for figuring out the promising decay channels
et 0.0756 0.0195 _000115 toward the discovery of Z, states through b-baryon decay.
apo = 0387 = 0.443 According to the SU(3) symmetry induced results in Table 1

daughter baryon momentum in the Ay rest frame.

FAY — A%20G000) = 3 —PAl
505 871mA2
b

1
><5|M(Ag — A%20(3900))|?

Z [pal
8zm?
SpQSA AY

2
XMz, ZZHI(SAQ’SA’SW)' .

SA SA

GF
V2

VerVisar fz,

7)

Using the form factors in Table 3, we obtain an order-of-
magnitude estimation of partial decay width and branching
fraction

T(AY — A°Z°(3900)) = 8.61 x 1072° GeV,
B(A) — A°Z(3900)) = 1.93 x 1077 . (18)

The estimated branching fraction of Ag — AOZ?(3900) is
at the order 10~7. According to the experimental result from
BESIII, Z?(3900) would subsequently decay into 7°J /vy
and most of A decay into p 7w ~. Therefore the cascade decay
would be AY) — A°Z2(3900) — p J/¢ 770 It is worth
noting that our result is consistent with the transition matrix
element Ag — A9 given in [66]. The matrix elements of
E, > X" and Eg — AY have also been calculated in [66]
which could be incorporated into the theoretical formalism
shown in this section. Similarly, one obtains the estimation
of partial decay widths and branching fractions

and the branching fractions in Eqgs. (18) and (19), we collect
several channels of b-baryon decay with estimated branch-
ing fractions in Table 4. The presented branching fractions are
on the order of 1077 or less. At present, LHCb could detect
the branching fraction down to 10~% among Ag decay modes
whose final states contain J /1 or its excited states plus a pro-
ton and light mesons [67]. Thus, the decay channels shown
in Table 4 can be only observed with a large amount of data
in the future, such as the high luminosity LHC.

It should be stressed here that the results listed in Table 4
are preferred to be regarded as rough estimations rather than
accurate ones since they are based on the naive factoriza-
tion ansatz. To rigorously study the dynamics of nonlep-
tonic two-body b-baryon decays whose final states contain a
tetraquark, some popular theoretical approaches such as per-
turbative QCD (pQCD) [68,69], QCD factorization (QCDF)
[70] and SCET [71,72] would be necessary. This issue goes
surely beyond the scope of this paper.

4 Conclusions

In summary, we have studied the weak decays of b-baryon to
a tetraquark and a light baryon, decay amplitudes for various
transitions have been parametrized in terms of the SU(3)-
independent amplitudes. Using these results, we provide a
number of relations which can be served as tests for find-
ing out the suitable theoretical explanation for Z,. states. The
partial decay widths as well as branching fractions of sev-
eral decay channels have also been presented in terms of the
helicity amplitude technique.

At present, with limited data it is not possible to dis-
tinguish the mechanism by which the component quarks

Table 4 Estimation of

branching fractions of b-baryon Channel Branching fraction Channel Branching fraction
decay in which the tetraquark g, — £-29(3900) 2.01 x 108 g, — £0Z-(3900) 2.01 x 1078
appears in the final states

g, — AZ7(3900) 1.26 x 1078 B, = I Zey 1.26 x 1078

g) — A%Z2(3900) 5.94 x 107 E) > 20Z, 5.94 x 1077

A — A%Z9(3900) 1.93 x 1077
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are held together to form Z, states. Since the discovery of
X(3872) [73], over nearly 20 years, we still have no satisfac-
tory landscape about the precise structures of “XYZ” states.
Progress in clarifying this picture requires measurements of
improved precision and searches for additional states. To
obtain further insights of the nature of exotic charged and
neutral Z. states, we suggest measurements of their produc-
tionrates in the weak decays of b-baryons by the LHCb exper-
iments in the future. In recent years, LHC has helped us find
out doubly heavy baryon and pentaquark states [26,74,75],
undoubtedly, it will provide a sustained progress in heavy
baryon field. Naturally, we wish it would also provide a new
milestone in the research of Z,. states which will help resolve
the current and longstanding puzzles in the exotic charmo-
nium sector.
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