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In the present work, we investigate the production mechanism of the Z,(10610) and Z,(10650) states
from the Y(5S,6S) decays. Two types of bottom-meson loops are discussed. We show that the loop
contributions with all intermediate states being the S-wave ground state bottom mesons are negligible,
while the loops with one bottom meson being the broad Bf or B} resonance could provide the dominant

contributions to the Y'(55) — Zl(;)ﬂ,'. It is found that such a mechanism is not suppressed by the large width

of the By/B) resonance. In addition, we also estimate the branching ratios for the Y(65) — ZEJ/)JT which
could be tested by future precise measurements at Belle-II.
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I. INTRODUCTION

In the past decade, a growing number of new hadron
states have been observed, which are dubbed as XYZ states
in the heavy quarkonium mass regions (for recent reviews,
we refer to Refs. [1-10]). Unlike the prosperity of char-
moniumlike states, in the bottom sector, only two such
bottomoniumlike states have been observed, which are the
Z,(10610) and the Z,(10650), to be denoted as Z, and Z},
respectively. These two bottomoniumlike states were firstly
reported in the Y (nS)zt, (n =1, 2, 3) and h,(mP)z*,
(m =1, 2) invariant mass distributions of the dipion
decays of the Y(10860)' by the Belle Collaboration
in 2011 [11,12]. Later on, the neutral partners of Z,
and ZZ were also discovered [13]. The analyses of the
charged pion angular distributions suggest that the quantum
numbers of both Z, and Z) be I6(J7) =17(1T) [14].
Besides the hidden-bottom decay modes, both Z; and Z),
have also been observed in the open-bottom decay chan-
nels of the Y'(55) [15,16]. Moreover, the Belle Collabo-
ration reported their measurements of the transitions
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Y(6S) = xta~h,(mP) [17], and the measured h,(mP)x,
(m =1, 2) invariant mass spectra indicated that the decays
Y(6S) — h,(mP)z*z~ proceed entirely via the intermedi-
ate Z, and Z) states.

Since the observed Z, and Z) are isospin triplets and
their masses are in the bottomonium mass region, they
contain at least four valence quarks (bbgg with ¢ = u, d)
if they are hadronic resonances. They were thus proposed
to be tetraquark states [18-23]. There are two salient

features of the Zg) states: (1) Although their masses are
very close to the B*B and B*B* thresholds, respectively,
they still decay dominantly into the open-bottom final
states [16]. (2) They decay into the heavy quark spin-
triplet Yz and spin-singlet A,z final states with similar
rates [12]. Moreover, their quantum numbers allow them
to couple to a pair of bottom and anti-bottom ground state
mesons in S-waves. These features suggest to consider the
Z,, and Zj as the deuteronlike molecular states composed
of B*B and B*B*, respectively [24—40]. In this scenario,
the bb pairs in both Z, and Z), are mixtures of a spin-
triplet and a spin-singlet, and thus the observations with
similar rates of the Zg) in both final states containing the
spin-triplet Y'(1S,28,3S) and spin-singlet 4, (1P,2P) can
be naturally understood [24].

The Z, and Z) masses given in the original Belle
measurements are above the BB* and B*B* thresholds,
respectively [11,12]. However, it is subtle to precisely
determine the masses due to the very nearby S-wave
thresholds. Detailed analyses of the Z, and Z) line
shapes have been made in past years by considering the

()

strong coupling of the Z,’ to the open-bottom channels
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TABLE 1. The experimental measurements of the related branching ratios, where By(ss)=B(Y(5S)— (bb)z*tz™), B

=B~

(bb)z) and £ is the fractions of individual quasi-two-body channels contributions to Y’(SS)—»Z,(;)iyﬁ—»(bl_J)zﬁﬂ*, where (bb)
b
could be Y'(nS), (n=1, 2, 3) and h,(mP), (m=1, 2). The branching ratios Y'(55)—>Z}z~ and Y (55)—Z, n~ are estimated by the

measured data.

Br(ss)(107%) [45] f2,(%) [15] fz (%) [15] By, (%) [16] By (%) [16] B(Y(5S)—Zix")(%) B(Y(5S)—Z; 7)(%)

Y(S) 53406 25M0R LORERT 0seien 017RRR 12538 Le213s
YQS)  TREI3 19673700 STTNMNT 3600008 1307080 2010 16270
Y(3S) 48119 268708 +1.5 11.0755£0.7 2157035709 1.637033105% 2991139 1.627 47
hy(1P) 3543 42370775 6021975 3455051006 841531 15 215555 1.25557%
M) ST 3S2EESIL GASTEIL 467UBNS 1479338 2asHp 126108

[27,41-44], and the most advanced analysis shows that the
Z, pole is slightly below the BB* threshold while the Z),
pole is slightly above the B*B* threshold [44].

The above literature focuses mostly on the resonance
parameters and the decay behaviors of Z, and Z),. However,
the productions of these two bottomoniumlike states also
have interesting issues. From the experimental side, the

decay patterns of Zg) have been measured [11,12,15,16],
and in addition, the Belle Collaboration also reported the
fractions of individual quasi-two-body contributions to
Y(5S) » ZV* 2% = (bb)a*a~, where (bb) denotes
Y (nS), (n =1, 2, 3) or hy,(mP), (m = 1, 2). All the related
experimental data are listed in Table I. One can relate the
branching ratios of the Y(55) — Z,i/)ﬂ to the measured
fractions by B(Y(5S) — Zél)ﬂ') = f,0Bys)/B,n. With
b b
the experimental data listed in Table I, the branching ratios

of the Y(55) — Z,S')izﬁ can be approximately estimated,
which are also listed in Table I. One finds that the branching
ratios from different channels are consistent with each other
within errors” and are of the order of 10~2. Given that the
sum of the non-open-bottom branching fractions of the
Y(5S) is only (3.8732)% as given in the 2018 Review of
Particle Physics by the Particle Data Group (PDG) [45],
such values are surprisingly large. It is thus interesting to
understand the reasons behind.

The production of the Z(b/) states in the Y'(5S) decays
have been modeled by considering either direct Y'Z,x
couplings or through intermediate ground state bottom-
meson loops [27,41-44,46]. The latter mechanism is shown
in Fig. 1. As noticed in Ref. [27] and will be briefly
analyzed in Sec. II, such loops are expected to contribute

“Notice that the Belle analysis in Ref. [16], where no values for
f v are given, presents an update of that in Ref. [15], and thus
b

there is inconsistency in using them simultaneously. This is why
these branching fractions in the last column of the table do not
agree with each other exactly.

little. For the production of the Z(b/) states in Y'(65) decays,
since the Y(6S) is very close to the thresholds of
B,(5271)B, it was pointed out in Refs. [47,48] that triangle
singularities (see the reviews [5,49] and references therein)
could be important to enhance the production rates.
However, the narrow B;(5721) is mainly a meson with
s£ =3/2", where P denotes the parity and s, is the total
angular momentum of the light quark system which
becomes a good quantum number in the heavy quark limit
[50], and it has been shown that the S-wave production of a
pair of 3/2% and 1/2~ (i.e., ground state S-wave heavy
mesons) mesons in ete~ collisions is suppressed in the
heavy quark limit [51]. Thus, a mixing between 3/2% and
1/2% axial-vector bottom mesons, though suppressed in the
heavy quark limit as well, is introduced in Ref. [48].

In this paper, we will point out the importance of bottom-
meson loops with one bottom meson being the s? = 1/2F
state which has a large width. As will be shown here,
the large width will enhance, instead of weaken, the
contribution from such loops. Arguments based on power
counting in a nonrelativistic effective field theory (NREFT)
[5,52,53] will be presented in Sec. II, and the numerical
results showing explicitly the importance will be given in
Sec. III. Section IV is devoted to a short summary.

(d) (e)

FIG. 1. Hadron-level diagrams for the Y'(5S5) — Z;:)+JT_ proc-
esses via the B B™) intermediate heavy meson loops.
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II. MESON LOOP CONTRIBUTIONS
TO Y(55.68) — Z\'x

As for a bottomonium above the open-bottom threshold,
it dominantly decays into a pair of bottom mesons, and the
bottom meson pair can couple to the final states via
exchanging a proper bottom meson. Such a kind of
mechanism may play a primary role in understanding some
decay modes of higher heavy quarkonium or heavy-
quarkonium-like states [40,53-60]. In particular, taking

Y(58) — Zg)n' as an example, the initial Y'(5S) dominantly
decays into a pair of S-wave bottom mesons, i.e., BB,
B*B +c.c. and B*B*. By exchanging a bottom meson,

these bottom meson pairs can transit into the Zg,/)zr. The

corresponding diagrams contributed to the Y'(5S5) — Zg)zr
are presented in Fig. 1. However, as will be shown later,
since both the Y'(55) and the pion couple to the B*)B(*) in
P-waves, these diagrams are highly suppressed.

In addition, it should be noticed that the mass of the
Y(5S) is located in the vicinity of the B*B) and B*B;
thresholds, where Bj; and B/ refer to the lowest s’; =1/2*

bottom mesons. Thus, the Y(5S) — Zé')ﬂ processes can
proceed via the mechanism shown in Fig. 2. In this meson
loop, all the involved vertices, Y(5S)B|B, B|B'x,
Y(55)B;B* and BjBz are in S-waves, leading to an
enhancement in comparison with the mechanism in
Fig. 1 as will be shown below. In the following, we analyze
these two kinds of mechanisms by the NREFT power
counting rule [5,52,53].

A. B¥)B™ +¢.c. meson loops

In NREFT, one of the key quantities of the power
counting rule is the typical velocity v << 1 of the non-
relativistic intermediate mesons. The momentum and non-
relativistic energy count as v and v2, respectively. The
integral measure scales as »°, and the heavy meson
propagator counts as 1/v?. The S-wave vertices are
independent on the velocity. While P-wave vertices are
much more complicated, it scales either as v or the external
momentum [5].

As presented in Fig. 1, the initial bottomonium Y (5S)

connects to the final Z(b/)n via B¥B®) loops. In these
diagrams, both the Y(55)B*B®) and B*B")z vertices

() (b) (©

FIG. 2. Hadron-level diagrams for the Y'(5S5) — Z,(;Hfr’ proc-
esses via the BYB"/Bi°B*® + c.c. intermediate heavy meson
loops.

have a P-wave coupling, while the Zg) couples to the

B®B™) in S-waves. As discussed in Refs. [5,61], there are
two momentum scales in the nonrelativistic triangle dia-
grams, corresponding to the two momenta of the bottom
mesons connected to the initial and final heavy particles.

They are given by +/|c;| and +/|c,| with ¢ and ¢, defined
in Eq. (A6) in the Appendix. Accordingly, one can define

two velocities for the intermediate mesons, which are, v; =

Vleil/(2u12) and vy = \/|cy — al/(2u23), where p;; and a
are also defined in Eq. (A6). Here, the velocity in the
NREFT power counting corresponds to the average of these
two velocities [5,61], i.e., v = (v; + v,)/2. For the dia-
grams in Fig. 1, we denote the velocity as v, and one has
vy = 0.12-0.14, which indicates that the corresponding
amplitudes could be analyzed in a nonrelativistic frame-
work.

Both the Y'(55)B*)B™) and B*B™)x vertices are P-wave
couplings. The latter coupling introduces a factor of g to the
amplitudes, where g is the pion momentum. The former
vertex brings an internal momentum, which turns into the
external momentum ¢ after performing the loop integrals.
As a result, the amplitude from the mechanism in Fig. 1
scales as [5,53,62]

[
1
[N

)
7 (1)
vpmp

Vadq
Ay~ Ny (UzA,
A

=Ny,

where N4 collects all constant factors including, e.g., the
coupling constants, the loop geometrical factor and the
normalization factors, and a factor of 1/m% with mp being
the bottom meson mass is introduced to balance the
dimension of 2. In fact, the amplitude here is similar to
that for y' — h.x, except for the latter breaking isospin
symmetry, and has been shown to be highly suppressed
when the pion momentum is much smaller than the
intermediate heavy meson mass as detailed in Ref. [62].

B. B{B")/B;B* +c.c. meson loops
Besides the B*)B*) meson loops, the initial Y'(5S) and
final Zg)ﬂ' can also be bridged by the B{B“)/B;B* + c.c
meson loops, as presented in Fig. 2. In these kinds of meson
loops, all of the involved interaction vertices are S-wave

coupling. We denote the velocity as vp, and the corre-
sponding amplitude scales as

v E E
Apg~Ng—L 2 —Np—% 2
? B(U%>3m3 BUBmB ( )

where N collects all the constant factors, £, comes from
the pionic S-wave coupling, and a factor of 1/my is
introduced to balance the dimension of E,. From
Eq. (2), one can find that A, is proportional to 1/vg,
which indicates that the amplitude is greatly enhanced for a
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small velocity. To date, the B| and Bj, have not been
discovered yet. We adopt the values mp = 5584 MeV and

mp: = 5535 MeV [63], which are predicted using the

heavy quark flavor symmetry in a framework which can
describe both the lattice [64,65] and experimental data [66]
for the Dnx S-wave systems [63,67]. Numerically,
vy = 0.05-0.07, which is about 2 times smaller than v,
in the B B™*) + c.c loops. Notice that here the large widths
~200 MeV of the 1/2" mesons have not been taken into
account. Considering the width using a complex mass
m —il'/2, one sees that the width effect in the power
counting is to increase the absolute value for v to roughly
in the same ballpark as v,. We will discuss their effect in
the explicit calculations in Sec. III.

With the amplitude scalings presented in Eqgs. (1) and
(2), we roughly estimate the ratio of the contributions from
the B} B")/B;B* + c.c. loops and the B®*)B™*) + c.c. loops,
which is

AB mBE,rUA
—~ = 0(30), 3
ST 0(30) 5

assuming N, ~ N which is reasonable as long as all the
couplings take natural values. This means that the con-
tribution from the B B™)/BjB* + c.c. meson loops should
be much larger than that from the S-wave bottom mesons,
and can potentially lead to a large rate for the Zl(p
productions from the Y'(55) decays.

III. EXPLICIT CALCULATION
OF THE BOTTOM-MESON LOOPS

A. Effective Lagrangian

In this section, we present a detailed calculation of these
diagrams in Figs. 1 and 2 in the NREFT framework, which
is widely employed to study transitions between heavy
quarkonium(-like) states [27,52-55,62,68-71]. To calcu-
late diagrams presented in Figs. 1 and 2, we employ the
effective Lagrangians constructed in the heavy quark limit.
In this limit, the S-wave heavy-light mesons form a spin
multiplet H = {P,V} with s£ =1/27, where P and V
denote the pseudoscalar and vector heavy mesons, respec-
tively. The s£ = 1/27 states are collected in S = {P§, P} }
with P and P} denoting the B and B states, respectively.
It is worthwhile to notice that we avoid to use “P-wave
mesons” for these states as they could well be dynamically
generated from the interaction between the 1/2 states and
the light pseudoscalar mesons (pions, kaons and 7), see
Ref. [63] and references therein. Nevertheless, their quan-
tum numbers are still s£ = 1/2" and form a spin multiplet.
Using the two-component notation [72], the spin multiplets
are given by

H,=V, -6+ P,
S, =P\, -3+P;, (4)

where ¢ denotes the Pauli matrices, and a is the light-flavor
index. The fields for their charge conjugated mesons are

Ha:_ a0+ Ly,

1a'8+‘70a- (5)

o <

S,=-

The field for the spin multiplet of the S-wave Y and 7,
states is given by

—

Y=Y 6+, (6)

The effective Lagrangian for the S-wave bottomonia
coupled to a pair of 1/27 bottom mesons is [52]

L= i%Tr[Y*Haa- 9H,) + H.e., (7)

while the coupling between the S-wave bottomonia and a
1/27-1/2" pair of bottom mesons is

L=gTr[Y'S,H,+Y'H,S,] +H.c. (8)

We will use g, and ¢, for the couplings for the Y(5S) and
Y (6S), respectively. Assuming that the Z;, and Z), couple to
BB* and B*B*, respectively [24], the effective Lagrangian
is given by [36]

L = Zekyiizivik 4 o [Viizipt — PTZiVi] + He., (9)

where z and 7’ are effective couplings.

The pionic couplings to heavy mesons are constrained by
chiral symmetry. For the S-wave heavy mesons, the leading
order Lagrangian in heavy meson chiral perturbation theory
is given by [72,73]

L= -%Tr[H;Hba- i), (10)

where the axial current is i = —\/55(15/ F,+ O(¢?*). Here,
F, the pion decay constant in the chiral limit, and

(5

collects the pion fields. The leading order Lagrangian for
the pions coupled to a pair of s¥ =1/2% and s¥ = 1/2~
heavy-light mesons is [74,75]
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L= igTr[HZS,,uga] +H.c., (11)

where 1’ = —/20°¢p/F, + O(¢?).

B. Numerical results and discussion

Using the measured branching fractions and widths of
the Y'(55,6S5) [45], the coupling constant g; in Eq. (7) is
estimated to be 0.1 GeV=*/2 and 0.08 GeV—%/2 for the
Y(55)* and Y(6S), respectively. From the effective
Lagrangian in Eq. (9), one gets the partial widths of Z, —
B*B+H.c and Z) — B*B* as

20 L F 1 |q|
Iz, - BB + BBt = — " |z|>’MzMp.,
b 4 My, BeE
Iz, - BB = L lal RV (12)
47Z'MZ/b

respectively. Here we take the PDG averages of the widths

of the Zg,') [45] and the measured branching ratios of the
open bottom channels [16] to get the values of the coupling
constants, which are,

z=(0.77 £ 0.05) GeV~'/2,
7 = (0.58 £0.07) GeV~'/2, (13)
The total widths of the B and the B, are approximately

saturated by the decays B| — B*r, and B}y — B, and their
decay widths are

3h% m
(B° B*r) = B 2 =12 —”
(BY = 5') = s 2 + )7
302 m
*0 _ B 2 212\ 7
B~ Br) = s i FRFL (19

where we have multiplied the amplitude by a factor of
/Mg for each external bottom meson to take into account
the nonrelativistic normalization, with m,, the external
bottom meson mass, and both BTz~ and B*)%% are
considered. Using the central values of the resonances
parameters in Ref. [63], which are mp. = 5535 MeV,
I'p: =226 MeV, mp = 5584 MeV, I'p =238 MeV,
we get |h| ~ 1.1. Similarly, the axial coupling g is deter-
mined from the D** — D%z* decay width to be |g| ~ 0.57.

The large widths of the B} and the Bj; need to be taken
into account in the calculations. We introduce the width
effects by approximating the spectral function of the broad

*Here we neglect the heavy quark spin symmetry breaking
effect discussed in Ref. [41].

1/2% bottom mesons using the Breit-Wigner (BW) para-
. .4 .. % -
metrization.” The explicit formula for the By is

Mp: = W
0

[ a0 Mo, a3

where M B; (s) represents the loop amplitude involving the
B; calculated using s as its mass squared, s;=(Mpg+m,)?,
s;, is taken to be (MBS + FBS)z, sz(s) is the B, spectral
function

-1
s =M}, +iMg Ty,

pay(s) =~ m (16)

and Wp. = J. o dspBS(s) is the normalization factor. The

formula for the B/ is similar.
With the above coupling constants and the amplitudes in
Egs. (Al) and (A2), we can compute different bottom-

meson loop contributions to the Y(5S) — Z(b/)ﬂ' decays.
The obtained branching ratios considering only the mech-
anisms depicted in Figs. 1 and 2 are presented in Table II.
By comparing with the branching ratios in Table I, one
finds that the contributions from the B*)B®) + c.c loops
are two orders of magnitude smaller than the experimental
data. This means that the B*)B*) meson loops can be

neglected in the production of the ZE,/) . On the other hand,
as indicated in Eq. (3), the amplitude resulted from the
B B"™)/B}B* loops is about 30 times larger than the one
from the BB 4 c.c loops, which implies that the
contribution to the partial widths from the former kind
of loops is at least two orders of magnitude larger than that
from the latter. Based on these two facts, one can conclude
that the B{B™)/B;B* + c.c loops could be the dominant

production mechanism of Y'(55) — ZE,OJT, though the value
for the effective coupling constant g, is unknown.

Broad resonances are rarely considered in the literature dis-
cussing meson loops.” The main reason is that it is implicitly
assumed that the large width entering the propagator of the
broad resonance would highly suppress its contribution. Here
we investigate the width effect quantitatively. Taking the
Y(5S) — Z," =~ asanexample, we calculate its width F’(S 5) 88

a function of the width of the B/. To make the width effect
transparent, we define the following ratio

“In fact, the BW form is not a good parametrization for the line
shapes of the broad B/ and By as discussed in Ref. [63]. However,
since here we are only interested in the effects caused by the
widths, rather than the line shapes, of the B} and B, the BW form
should suffice.

In the analogous charm sector, a small contribution from the
broad D, (2430) was introduced to provide an the description of
the eTe™ — DD*x process [76-78].

034022-5
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TABLE II.
and ¢, take values in units of GeV~!/2.

Branching ratios obtained calculated assuming only the mechanisms depicted in Figs. 1 and 2. Here g,

B(Y(55) — Z{ n°)

B(Y(58) = Zi*77)

B(Y(6S) - Z, =) B(Y(6S) — Z, z™)

B*B™ Loops 6.1 x 10~ 2.8 x 107 4.1x10™* 1.9 x 1074
B|B™) Loops 9.5¢3 3263 17.347 8.3¢9%
Tiss)Ts;) 2.45 pb and 4.05 pb for h,(1P)z 7z~ and h,(2P)n" x~,
r(Fp) = F/<55> (T, = 20 MeV) ) (17) respectively. Assuming that the &, (nP)z" 7~ are produced

where the benchmark width 20 MeV is an arbitrarily chosen
small width. It is worthwhile to notice that the B} width
depends on the coupling / defined in Eq. (14), and the same
coupling enters the BBx and B B*x vertices in Fig. 2. Thus,
while a large  value—thus a large B, width—suppresses the
loop integral, it also provides an enhancement factor as F/(s 5)

from the mechanism in Fig. 2 is explicitly proportional to /.
Therefore, the B, width effect depends on their competition.
In the left panel of Fig. 3, the result of r(I'p ) is depicted,

showing an enhancement instead of a suppression. If we only
consider the width effect in the B propagator with / fixed to
a constant value, the result is shown in the right panel
of Fig. 3 for a compaurison.6 In this case, one sees that
the result using a width of about 200 MeV is about 30% of
that using a width of 20 MeV.

The coupling constants g, and ¢, defined in Eq. (8)
cannot be determined using the available data at present.
Thus, one can not directly calculate the contributions from
the B)B™) and B}B* meson loops. However, one can check
the ratio of B(Y(5S) — Z}z~) and B(Y(5S) - Z, ™),
which is independent of g,. The estimated ratio is about 3.
For the experimental data, we may take the values deduced
from the row for the Y'(3S) in Table I, for which the values
of Bz, and BZ; in the preliminary [15] and published [16]
Belle analyses are almost the same. This leads to a ratio
about 1.8 up to a large uncertainty (it does not make much
sense to give an uncertainty here from values in Table I
since we do not know the correlations). One may conclude
that assuming that Fig. 2 provides the dominant mechanism

for the decays of the Y(5S) — Zﬁ;) 7, the ratio is roughly
consistent with the data, and the value for ¢, is
around 0.05 GeV~!/2.

In Ref. [17], the Belle Collaboration reported their
energy scan measurements of the ete™ — h,(nP)rnt 7~
(n =1, 2) cross sections, and the cross sections at around
10.999 GeV, the Y(11020) mass, were fitted to be about

®Note that although this does not correspond to the physical
situation at hand, it is relevant for the processes when the vertex in
the triangle diagram does not give the dominant decay channel of
the intermediate resonance.

completely from the Y(6S) at such an energy, and using
the dilepton branching ratio of the Y(6S), B(Y(6S) —
ete™) = (2.77049) x 107° [45], we can roughly estimate
the branching ratios for Y(6S) — h,(1P)z"z~ and
Y(6S) = h,(2P)r*z~ to be about 7.5x 10~* and
1.2 x 1072, respectively. Assuming that Fig. 2 provides
the dominant mechanism for the decays of the Y(6S) —

Zg) 7, our estimates of the branching ratios of the Y(6S) —
ZEJIH;:‘ are listed in Table II, depending on the unknown
coupling constant ¢,. The ratio of the so-obtained
B(Y(6S) —» Z/x~) and B(Y(6S) — Z, ") is about 2.
Assuming that the Y(6S) — hy,(nP)z*z~ proceed com-
pletely through the Z;, and Z) intermediate states, and using

the measured branching ratios of Zg) = hy(mP)x,(m=1,2)
listed in Table I, one can then roughly estimate the frac-
tions of individual quasi-two-body contributions to
Y(6S) — Z 2% — hy(mP)x*z~, which are f, = 46%,
fz, = 54% and f;, = 40%, f = 60% for hy(1P)x*x"
and h;,(2P)n" 7™, respectively. These so-predicted fractions
are similar to those in the Y(55) case. With these predicted
fractions and the branching ratios of Y'(6S) — h,(nP)z"n~
given above, one can estimate

K
2 2
~
1 -
. . N . . .
0 100 200 300 0 100 200 300
Tp (MeV) T (MeV)
FIG. 3. The I'p-dependence of r(I'p ) defined in Eq. (17)

with / determined from FB/] (left) and with  fixed to a constant
value (right).
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B(Y(6S) — Z{7~) ~ 5%
B(Y(6S) — Zin~) ~ 3%, (18)

which could be tested in future measurements at Belle-II. In
addition, with these branching ratios and the results in
Table II, we get the coupling g, ~ 0.05 GeV~!/2, similar to
the one for the Y'(55).

Here, it should be noticed that the experimental data in
Table. I indicate strong Zg)B(*)B* couplings, which is the
basis of the meson-loop mechanism considered here. In the
present estimation, all the involved coupling constants

related to the Zg) states are extracted from the correspond-
ing experimental data, thus, one should get the same results
regardless of the molecular or tetraquark scenario for the Z,
states.

IV. SUMMARY

Because the Z,, states decay dominantly into the open-
bottom final states, they must have strong couplings to the
bottom-meson pairs. Thus the bottom-meson loops should
be important for the production of the Z, states. Although
the production rates from this kind of mechanism cannot be
precisely predicted because of the lack of precise knowl-
edge of the involved coupling constants, qualitative con-
clusions and rough estimates can be made. In the present
work, we investigate the contributions of the bottom-meson

loops in the production of Zg) from Y (58, 6S) decays. Two
kinds of bottom-meson loops connecting the initial botto-
monia and the final Z<')7r are discussed which are the
B®B™ 4 c.c. loops and the B{B™)/B;B* + c.c. loops.
Using the NREFT power counting scheme, we argue that
the latter one should dominate over the former. Such a
conclusion is supported by numerical calculations assum-
ing a natural value for the single unknown coupling
constant in the latter case.

We then discuss the impact of the large widths of the
sP =1/2% bottom mesons, and point out that the large
widths in fact help increase the importance of the

"B%)/BiB* + c.c. loops. The reason is that the widths
are determined by the pionic coupling which also controls
the magnitudes of the triangle diagrams explicitly.

Moreover, we present an estimate for the branching
ratios of Y(6S) — Z,7 and Y (6S) — Z,z, which can be
tested by future precise measurements at Belle-II.
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APPENDIX: DECAY AMPLITUDES

Diagrams in Fig. 1 indicate the B*)B*) + c.c. meson-
)+

loop contributions to Y(5S)(p) — ( (p.)m~(gq). The
decay amplitude for the Y(55) — ZZ;: reads

2V2 zglg

Ma.bc_ {—) _’( )—) (pz)

X [_ (Mg, Mg, Mg, )
+ 10 (Mg, Mg, My, §)] + €(P) - €(p.)|q|*
x -1 (Mg., Mg, M-, )
+ 1 (Mg, My, Mp, §)]}. (A1)

The decay amplitude for the Y(55) — Z, 'z~
sponds to Figs. 1(d)-1(e) reads

2@919{@*@5 2(p.)

x [-ID(Mp, Mp- . Mp-, q)
+ 1V (Mp Mg, Mg, q)] +€(P)-€(p.)|d|
X [_I( )(MBvMB*’MB*,q)
+I(1)(MB*’MB*’MB*’_))}}'

corre-

My, =

(A2)

The B*) B \/B*By + c.c loop diagrams are presented in
Fig. 2. The decay amplitude for the Y(55)(p)—
Z; (p.)n~(q) corresponding to Figs. 2(a)-2(b) reads

_ 2V2zph .
My = F, 2 l(p)el(Pz)Eﬂ:I(MB’]vMB7MB*’CI)

2vV2zg,h .
+\/_Z92

F €l(p)€i(pZ)EJTI(MBS’MB*7MB’ 6)

(A3)

b

The amplitude for the Y(55)(p) = Z," (p.)x
sponding to Fig. 2(c) reads

./\_/l _ 4\/_292]1
F

~(q) corre-

( )e (Pz)E I<MB’ Mg, Mp-, )

T

(A4)

In above amplitudes, the basic three-point scalar loop
function is defined as
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1

o . d*l
I(’"hmz’m&@ = l/

2n)* (> —=m3 +ie)[(p — 1) — m3 + ie][(I — q)* — m3 + ie]

One can work out an analytic expression for the above integral in the rest frame of the initial particle in the nonrelativistic

approximation [53], which is,

I(ml’m%m% ZI) . Hiakos3

162mmyms \/a

16— Lq2a+c—¢
17+tan - ___ <

N ; (AS)

a(c, —a)l’

where y;; = m;m;/(m; + m;) are the reduced masses, by, = m; +my — M, byy = my +m3 +¢° — M, and

J

¢y = 2uppby,

Ho3 -
¢y = 2Up3brz + m—3q2- (A6)

The involved vector loop integral in the rest frame of the initial particle is defined as

a‘l

li

C]il(l)(mlvmz,m& a) = i/

@n) (B =i+ i€)[(p = D7 —m3 + iel[(1 - g — n + ie]

By using the technique of tensor reduction, we get the following nonrelativistic relation,

()~ 22 [Bles =) = B(o) + 5 c2 = )l (A8)

ams

where the function B(c) is

B(c) =

H12H23

Ve —ie

dmymoyms  4zn
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