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We perform the investigation of two-body hidden-bottom transitions of the Y'(6S), which include
Y(6S) — Y(1°D,)n(J = 1,2,3) decays. For estimating the branching ratios of these processes, we

*

consider contributions from the triangle hadronic loops composed of S-wave By and B<S> mesons, which

are a bridge to connect the Y(6S) and final states. Our results show that both of the branching ratios of these
decays can reach 1073, Because of such considerable potential to observe these two-body hidden-bottom
transitions of the Y(6S), we suggest the forthcoming Belle II experiment to explore them.
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I. INTRODUCTION

As an updated accelerator with luminosity
8 x 10 cm=2s~!, SuperKEKB is currently being con-
structed. The forthcoming Belle II experiment will accu-
mulate 50 times more data than the previous Belle
experiment. It is a good time to explore the potential
physical issues close to the Belle II.

Since 2007, experimental studies by the Belle
Collaboration have focused on the hadronic transitions
of the Y(10860). The Belle measurement shows that the
observed hidden-bottom transitions of Y(10860) have
large branching ratios. For example, all the decay widths
of the Y(10860) — Y (mS)z"zn~(m <3) are around
107! MeV and that of the Y(10860) — Y(1S)z "z~ is
at least 2 orders of magnitude larger than those of
Y(nS) - Y(18)z 72~ (n <4) [1]. In addition, the exper-
imental branching ratios of Y(5S) — y,;0(J =0,1,2)
transitions can reach up to 107 [2]. Exploring hidden-
bottom dipion decays of the Y(10860), Belle also dis-
covered two charged bottomonium-like structures
Z,(10610) and Z,(10650) [3]. As indicated in a serial
of theoretical studies [4—10], the hadronic loop mecha-
nism, which is an equivalent description of coupled-
channel effects, may play a crucial role to understand
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these novel phenomena since the Y'(10860) lies above the

BE:))BE:)) thresholds [11].

Very recently the Belle Collaboration observed the
ete” — Y, (1D)n process and obtained the branching ratio
B(Y(58) = Y,;(1D)n) = (4.8240.924+0.67) x 1073 [12],
which confirms the predication given in Ref. [13], where
the hadronic loop effect was considered in the calculation.
This fact again shows that the hadronic loop mechanism
has important contributions to the hadronic decays of
the Y'(55).

In the Particle Data Group [11], there is the Y(11020)
above the Y'(10860). Usually, the Y'(11020) is treated as the
n**t1L, = 635, state. Thus, in the following discussions,
the 1°(11020) is abbreviated as the Y(6S) for convenience.
Here, we want to emphasize that the Y'(65) has a situation
similar to that of the Y'(10860) since the Y'(65) is also above
the Bgz)) BE;)
that the coupled-channel effect cannot be ignored when
carrying out the studies around the Y'(6S).

When checking the experimental information of the
Y(6S), only the resonance parameters of the Y(6S) and
partial width of Y'(6S) — ete™ are listed, which suggests
that experimental study of Y'(6S) is necessary, especially
with the running of Belle II. Considering the present status
of the Y(6S), in this work we propose that we first
investigate two-body hidden-bottom transitions of Y (65),
ie., the Y(6S) — Y(1°D,)n (J =1, 2, 3), which is also
motivated by the recent observation of Y'(55) — Y,(1D)y
by Belle [12].

In this work, using the hadronic loop mechanism, we
calculate the branching ratios of the discussed Y'(6S) —
Y(13D,)n decays, by which the potential observation of

thresholds. This fact gives us a reason to believe
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FIG. 1.

these two-body hidden-bottom transitions at Belle II can be
suggested. We want to emphasize that the present study must
become an important part of the physics around the Y'(65),
and further push experimental exploration of these decays.

This paper is organized as follows. After the Introduction,
we present the detailed deductions of Y'(6S) — Y(1°D,)n
via the hadronic loop mechanism in Sec. II. Then, various
parameters are determined in Sec. III. In Sec. IV, numerical
results are presented. Finally, the paper will end with a short
summary.

II. THE Y(6S) — Y(13D,)n TRANSITIONS
VIA THE HADRONIC LOOP MECHANISM

In this work, we adopt the hadronic loop mechanism to
study the Y(6S) — Y(1°D,)n transitions. The hadronic
loop mechanism has been widely applied to investigate
hidden-bottom/hidden-charm decays of the bottomonium/
charmonium [13-16]. Under the hadronic loop mechanism,
the Y'(6S) — Y(13D,)n decays may occur via the inter-
mediate triangle loops composed of S-wave bottom mes-
ons, where all the diagrams depicting this decay process
with triangle loops are listed in Fig. 1.

Schematic diagrams depicting the Y'(6S) — Y(13D, )5 transitions via the hadronic loop mechanism.

To calculate the diagrams shown in Fig. 1, we adopt
the effective Lagrangian approach. Thus, we first need
to introduce the relevant effective Lagrangians describ-
ing the involved interactions at the hadron Ievel.
Considering the constraints from various symmetries,
the involved effective Lagrangians can be constructed.
For example, under the heavy quark spin symmetry in

the heavy quark limit, interactions between an S-wave
(D-wave) bottomonium and a BE;;BE:; pair can be

written as [13,17]
Ls = ig,Tr [S<QQ>H<Qq>yﬂ aﬂfi(@?)} YHe, (1)
Lp = ig,Tr [ng@l_{@‘”ﬂ a"fz(@f»} YHe, (2

where §©2) and D@2 denote the S-wave and D-wave
multiplets of the bottomonium, respectively [17], which
have the concrete expressions

o1+ 1-
S(QQ) = Tﬁ [Yl‘yﬂ - ;1}}]/5] > 75 s (3)
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where v* is the 4-velocity. Y* and 7, correspond to S-wave bottomonia with J*¢ = 17~ and 0=, respectively. Y3,
Y,, Y,, and 7,, denote to D-wave states in the bottomonium family, which have J’¢ =3", 2=, 177, and 277,
respectively. For a heavy meson emitting a light Nambu-Goldstone boson, the effective Lagrangian, which is
constrained by the heavy quark symmetry and the chiral symmetry, has the form [17-22]

Lp = ig,Tr[HCDy ys AL HLY), (5)

where A, = 1/2(£70,& — £0,&7) with & = ¢M?//= and the pseudoscalar octet Myp reads as

\/%71'0 + \/%778 nt KT
Mp = o VARV S (6)
K- K° —\/%ng
In Egs. (1), (2), and (5), H(Qa) represents the bottom meson spin doublet (B, B*) [17,23-25], i.e.,

I

1) = LB — By, ™)

H(Q4) corresponds to antimeson counterpart of H(??), which can be obtained by performing the charge conjugation
transformation.
Further expanding the Lagrangians shown in Egs. (1) and (5), we get the explicit forms of interaction Lagrangians, i.e.,

Lygope = —igrpsl (BB — BFBY) + gy e, Y, (Bi B — BO,BL)

+igrsp YH(Bi* By — BB - B0, B), (8)

‘CY‘JBMB(*) = gY‘lBBYI; (BW”B - B@,,B*) + igTIBE*EMDaﬂ [Bﬁ G”BZ - B;I 8”8]8,,1”10,
+ gr s [-4(YIB*0,B," — Y\ B 0, B%) + Y{Bv0,B," - Y{B*10,B]]
<~ < B e/ h<—>/} -
+ igrzlgB*Yﬂy(BTa B* - B*Ta B) +9723*B*€aﬁyu[8* Ta BI + B* (9 Bﬁ ]8”1"3”1
+ 9,55 W[Bfa B+ B0 WBal: )
EB(*)B(*)WS = igBB*ﬂg (BTapi’lgB*” - B*TﬂaﬂngB) - gB*B*nggﬂyaﬁa”B;TaaB;rlg, (10)

where BT and B™*) are defined as BT = (B*)+, B(x)0 Bg ) and B*) = (B <*>‘,B(*)°,B§*)O)T, respectively.
Using the Lagrangians above, we can write out the amplitudes of the processes ¥'(6S) — Y(1°D,)y with J = 1, 2, 3,
which are depicted in Fig. 1. As for the Y(6S) — Y(1°D,)n transition, with #*(p,m,) = —g"* + ”;’z’ ", the amplitudes are

d*q , i Gk mg) 1 1
M(l 1) = (2 ) [9r6*58 plyel"v(kl/i_kZﬂ)][gB*BnpUHZgBBTleY‘]C(kg_qg)] Lz

F(q?).
k%—mé* k3 —m%qz—mé

(11)
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d*q ) . 1 1 gilg.mp)
M1z :/W[QYBBGW(H;—k/f)][QBB*quﬂ [lgBB*nS{" §P3q€rlx(k2§—f14)]k%_m%k%_m% pre—y Fq),

dq ; OIRE ) o
M3 = W[ €y (Guakop = Gupkrat9ap(kry = ko)1 [95- 5, P22) 195 5y, € P3yer, (ko — q¢)]

Pk, mp ) GE(kyymp) 1 »
X kz_mz k2—m2 mf(Q)
B 2 B 7 B

d4

M(1—4) ) [9}"3*88 ﬂplﬂel"l/(k2ﬂ - klﬂ)][gB*B nglp ku‘]ﬁ] [lgBB*Y €41 5173

(2

gap(klvml?*) 1 gaé(q’mB*)]_-Z(qz)

2

X €?lx(k24 - qC)] k% — m%* k% _ m% g - m,.

d4
M) = / (27)° 7 L9rsi € pruer, (kig=kop)| 955, 2] [195 5 Y1€r1§(4gmf(k —-¢°) + ggqx gikag)]

1 gg(kamB )gl (q7m23) (q )’

2 2 12—
ki —my ky —myg. q_mB

d4q
M) = /W (975 5 €y (Guakop = GupkiatGap(kiy — ko)) [95 B k125)

~ ~a ~&
. * 9ok mp) 7 (ko mps:) ga(q,mg )
x [igg gy, €y, (49xe(kar — a7) + 9eeqe—gokas)] i, B—ml X7 % Fq?).

As for the Y(6S) = Y(13D,)y transition, the amplitudes read as

d*q 1 1 7 (q,mg)
= | —zloreger.(k; — K - v €5 (K = g ’ F2(2).
Ma-1) / (2x) l9rsBer)(ky = Kyl l988 0 P2A) 988 Y, €700 (K3 — G")] B —mi K —mk ¢ —mb, (¢°)

Mppy = d'q e (Guak k ki, —k _ e (K 7 (ky, mp-)
2= | G 519755 €y (Guakop = Gupkra 9oy (krw = ko) Wl95 8y P2il 95 .67, (K2 = a1 = — 5
1 B

e (k < 1
Xg (23mB)

F(q*),
K —my q*—my
d4
Mz = 2n) 7195 58P Pruery (kig — kap)l 955 €" " k1245) 985 v, 7,00 (4" = K5)]

ap (K1 1 :
Xgpz(ln/;lf) 5 (kl m8>f2< )
ki — mg. k—mBq—mB

d4
Mgy = 2r) 7 19rs5 €L Pruery (kip = kap)l 955, P22 [958 57, € P3c€5 e (97 Gyn = Gen ) (de = Kae)]

ga(kmms)gi(q,mzs)
K —my  q* —mp

Fq?),

d*q
My_s) = /(—4 (975 5 €7 (Guakop = GupkiatGap(kiy = ko)1 [95 B2 k1,5)

2r)
Bk, my) g (ky, mp) o (g, mp:) Fg)
k2 —my K —my  q*—mi '

[gB *B*Y, 3 §§]7P3C€Y7Kw(gfr g)m g‘rr/g){ )( kZSH
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As for the Y(6S) = Y(1°D;)y transition, the amplitudes can be expressed as

d4
Moy = (2
g/1 q, mp-
><72< f)fz(f),
q° —mp.
d4
M@y =

(2n

(ki mgs) 7" (ky. M) Go(g. )
) 7] 3 3 2
ki—mp. k5 — mB* q° — mp.

F(q?).

In the above amplitudes, the monopole form factor
F(q?) = (m% — A?)/(g* — A?) is introduced in our calcu-
lation since the structure effect of the interaction vertex
cannot be ignored and off-shell effect from the exchanged
bottom mesons in triangle loops should be compensated
by this way. This type of form factor is supported by the
QCD sum rule study [26]. Here, mg is the mass of the
exchanged bottom meson B*), and the cutoff A is para-
metrized as A = mg + ayAgcp With Agep = 0.22 GeV
(see Refs. [14,27,28] for more details).
Finally, the total sum of amplitudes reads as

Mt =4y M{_y +2) My, (24)
J J

with J =1, 2, 3, which correspond to the Y(6S) —
Y(13D))n, Y(6S) — Y(13D,)n, and Y(6S) = Y(1°D3)n
transitions, respectively. The triangle loops can be com-
posed of either bottom mesons or bottom-strange mesons.
To distinguish them, we adopt the superscripts in amplitudes
M ) and M - The factor 4 in the first term of the right-
hand side of Eq (24) comes from the charge conjugation
transformation B*) <> B(*) and the isospin transformations
B0 « B+ and B®O «» B~ while the factor 2 in the
second term of the right-hand side of Eq. (24) is due to the
charge conjugation transformation B{” <> B{").

With the total sum of amplitudes for each process, the
general expression of the partial decay widths is

-

11 |Pn| ol
Fj _ |M}Otd]|2’ (25)
38w m%,(()s)

which averages over the polarization of initial Y(6S) and
sums over the polarizations of the Y(13D,).

III. INPUT PARAMETERS

Before displaying our results, we have to illustrate
various parameters, including masses and coupling con-
stants used in this work. First, we need the input of the
masses. For the masses of the bottomonia Y(13D,) and

a0 7 1955 € pruer, (kig — kap)] 955 r]p2/l][lgB*B*Yg€Y3ijm<<gfgw+grgw)(kg

)] 1 g:r(ka mB*)
k% - m% k% — m%*

(22)

a0 71975 5 € (Guakap = Gupkia + Gap (ki = ko)) 95 By k124951195 5 v, €70 (G255 + 9gb) (K5 — ¢°)]

(23)

Y(13D3), 10.153 GeV [13,29] and 10.174 GeV [13,29] are
adopted, respectively, whereas Particle Data Group values
[11] are used for other bottomonia involved in this work.

Utilizing the partial decay widths of Y(6S) — BB,
estimated in Ref. [30], we can obtain the coupling constants
Ir(ss)8 (3) B() in Eq. (8). In Table I we list the calculated
partial decay widths in Ref. [30] as well as the extracted
coupling constants [31].

The coupling constants g,. are related to one

3 () )
(1°D,)B() B,

coupling ¢, of Eq. (1) under the heavy quark symmetry:

V15
9r,B8 = _2Q2T /My, mpmg,
V15
9riss =923 mpmp: [ My,
V15
9r, BB = 92 15 N/ My Mp-mp-,

3
9r,88- = 29> \/;\/my‘szmB*,

1
=-2¢, 8\/’”8*’”8*/’”1"2,
gY;B*B* = 2921 /mnt*mB*.

We now have to determine the last remaining coupling
constant g,. For g,, we fix it as follows [13]: we first define
the decay constant of the vector meson Y'(1°D;) [32]

9r, BB

TABLE I. The partial decay widths given in Ref. [30] and the

extracted coupling constants Ir(es)8) [31]
BB

Final State Decay Width (MeV) Coupling Constant

BB 1.32 0.654
BB* 7.59 0.077 GeV~!
B*B* 5.89 0.611
B,B, 1.31 x 1073 0.043
B,B* 0.136 0.023 GeV~!
BB 0.310 0.354
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(0[Qr QIV) = fyMyey. (26)

with My and €}, being the mass and the polarization vector
of Y'(1°D,), respectively. Then, using the relation gy gz ~
My / f under the vector meson dominance ansatz [33-35],
we can get gy(j3p,)pp. and g, eventually.

The decay constant fy can be obtained by fitting to the
leptonic decay width I'[Y(1°D;) — e*e™] = 1.38 eV [30].
Using the relation [32]

Az o?

Dy ere- = ?M_vf%/CV’ (27)

where « is the fine-structure constant and Cy, = 1/9 for the

Y(13°D,) meson, we get f, = 23.8 MeV. Therefore, we
get g, = 9.83 GeV /2,

We now turn to the coupling constants between 7 and

Bg:; BE;) Relations can be extracted from Eq. (5):

IsBs__ _ 2%
\/Mphig: s N
ngBMS =g =2 %&
g TG B{Bing 3f, ’

with f, = 131 MeV and g, = 0.569. Furthermore, 7 is a
mixture between octet 7z and singlet #;:

|’y = sin@|ng) +cosOn, ),
(28)

In) = cos@|ng) —sind|n;),

where 0 = —19.1° is fixed by experimental data [36,37].

IV. ESTIMATE OF BRANCHING RATIOS

With above preparation, we now evaluate the branching
ratios of the Y(6S) — Y(13D,)y transitions. In Ref. [13],
we have predicted the branching ratios of the Y'(5S) —
Y(13D,)n by considering the hadronic loop mechanism,
which is consistent with the experimental measurement
given by Belle later [12]. In this theoretical calculation [13],
ay =0.5~1.0 was taken. Because of the similarity
between Y(55) — Y(1°D;)n and Y'(6S) - Y(1°D,)n, in
this work we set the same a, range to predict the decay
behaviors of Y(6S) — Y(13D,)n. In Fig. 2, we illustrate
the a, dependence of the branching ratios, while in Fig. 3,
the a, dependence of the relative ratios among these
branching fractions is presented.

Our calculation shows that the branching ratios of Y'(65) —
Y(1°D;)n shown in Fig. 2 can reach up to 1073, i.e.,

B[Y(6S) — Y(1*D;)n] = (0.174-1.720) x 1073,

B[Y(6S) = Y(13D,)n] = (0.149-1.440) x 1073,
B[Y(6S) — Y(13D3)y] = (0.228-2.210) x 1073.

T T T T T T T
_ .
=
S 63
a’ 107 ]
"‘1_‘ L
N
>~
X
? 3
g, e —— Y(68)->Y(1’D)n
5 - - - Y(65)->Y(1'D,)n
-7 — == Y(68)>Y(1°D))n
104 C | N | N | N | N | N | i
0.5 0.6 0.7 0.8 0.9 1.0
aA

FIG. 2. The a, dependence of the branching ratios for the
processes ¥'(6S) — Y(1°D,)n(J = 1,2,3).

1-6 | T T T T T T T T T T T ]
1.4+ E

a = h
o 1.2+ E

—R,,
10k - R; _

b

-~ R,
0.8 E

0.5 0.6 0.7 0.8 0.9 1.0
aA

FIG. 3. The a, dependence of the ratios RY =B[Y(6S)—
Y(1°Dy)n]/B[Y(68) =Y (1°Dy)n, RE =B[Y(65)~Y(1°D3)n)/
BY(6S)—>Y(1°D)y], and RL = B[Y(6S) - Y(1°D3)y)/
B[Y(6S) = Y(13D,)n].

These significant values of the branching ratios show that the
Y (6S) = Y(13D,)n decays can be accessible at Belle II.

We also obtain three ratios as shown in Fig. 3, where
these ratios weakly depend on a,. The predicted ratios
include

B[Y(65) — Y(13D,)y]

D — ~(.841-0.853,
R B[Y(6S) — Y(13D;)n]
B[Y(65) — Y(13D5)y]

RD = ~ 1.289-1.306,
3T B[Y(6S) — Y(13D))y]
B[Y(65) — Y(13D5)y]

RD = ~1.531-1.533,
327 B[Y(6S) = Y(1°D,)y]

which can be tested further in future experiments like Belle
and Belle II.
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V. SUMMARY

Since 2007, Belle has paid more attention to the hidden-
bottom hadronic transitions of the Y(5S), and has found
anomalous hadronic transitions like Y(55) — Y(nS)ztz~
(n=1, 2, 3) [1] and Y(5S) —» ypy0 (J =0, 1, 2) [2].
Targeted on these anomalies, theorists have made great
efforts to explore the underlying mechanisms [4-10,13,15],
and have revealed that the hadronic loop mechanism, which
is an equivalent description of the coupled-channel effect,
plays an important role for understanding these anomalous
transitions of Y(55).

Besides these observations, Belle discovered the Y(5S)
decays into Y(13D,)n very recently, which has large
branching ratios [12]. In fact, this Belle measurement
confirmed the prediction made in Ref. [13], which again
shows the important role of the hadronic loop effect to the
Y'(55) hidden-bottom decays. What is more important is
that this fact also inspires our ambition to further explore
the hidden-bottom decays of the Y(65).

In this work, we have selected the Y(6S) — Y(1°D;)n,
and have studied the potential discovery of these decays in
a future experiment. Our calculation has shown that the
branching ratios of the ¥'(6S) — Y(13D,)# can reach up to
103 when the hadronic loop effect is introduced. It is
evident that these significant branching ratios could arouse
experimentalist’s interest in finding them.

With the running of Belle II, we expect the observation
of these anomalous Y'(6S) — Y(13D;)n transitions, which
will make our understanding of higher bottomonia more in-
depth and thorough. Notably, the present study should
become a part of the whole research around the Y'(6S).

ACKNOWLEDGMENTS

Q. H. would like to thank Bo Wang for useful discus-
sions. This project is supported by the National Natural
Science Foundation of China under Grants No. 11222547
and No. 11175073. X. L. is also supported by the National
Program for Support of Young Top-notch Professionals.

[1] K.F. Chen et al. (Belle Collaboration), Observation
of Anomalous Y(18)z"z~ and Y(2S8)z"z~ Production
near the Y'(5S5) Resonance, Phys. Rev. Lett. 100, 112001
(2008).

[2] X.H. He et al (Belle Collaboration), Observation of
ete” - nta n’,; and Search for X, — wY(1S) at
/s = 10.867 GeV, Phys. Rev. Lett. 113, 142001 (2014).

[3] A. Bondar et al. (Belle Collaboration), Observation of Two
Charged Bottomonium-Like Resonances in Y(5S) Decays,
Phys. Rev. Lett. 108, 122001 (2012).

[4] D.Y. Chen, X. Liu, and S. L. Zhu, Charged bottomonium-
like states Z,(10610) and Z,(10650) the Y(5S)—
Y(2S)z"z~ decay, Phys. Rev. D 84, 074016 (2011).

[5] C. Meng and K. T. Chao, Scalar resonance contributions to
the dipion transition rates of Y(4S,5S) in the rescattering
model, Phys. Rev. D 77, 074003 (2008).

[6] C. Meng and K. T. Chao, Peak shifts due to B*B* rescatter-
ing in Y'(5S) dipion transitions, Phys. Rev. D 78, 034022
(2008).

[7] Y. A. Simonov and A.Il. Veselov, Bottomonium dipion
transitions, Phys. Rev. D 79, 034024 (2009).

[8] D.Y. Chen, J. He, X. Q. Li, and X. Liu, Dipion invariant
mass distribution of the anomalous Y(1S)z"z~ and
Y(2S)z"n~ production near the peak of Y(10860), Phys.
Rev. D 84, 074006 (2011).

[9] D.Y. Chen, X. Liu, and T. Matsuki, Explaining the
anomalous Y'(5S5) — y,;@ decays through the hadronic
loop effect, Phys. Rev. D 90, 034019 (2014).

[10] D.Y. Chen and X. Liu, Z,(10610) and Z,(10650) struc-
tures produced by the initial single pion emission in the
Y(5S) decays, Phys. Rev. D 84, 094003 (2011).

[11] C. Patrignani et al. (Particle Data Group Collaboration),
Review of particle physics, Chin. Phys. C 40, 100001
(2016).

[12] U. Tamponi et al. (Belle Collaboration), Inclusive study of
bottomonium production in association with an # meson in
e e annihilations near Y'(5S), arXiv:1803.03225.

[13] B. Wang, D. Y. Chen, and X. Liu, Prediction of anomalous
Y(5S) = Y(13D,)n transitions, Phys. Rev. D 94, 094039
(2016).

[14] X. Liu, X. Q. Zeng, and X. Q. Li, Study on contributions of
hadronic loops to decays of J/w — vector + pseudoscalar
mesons, Phys. Rev. D 74, 074003 (2006).

[15] C. Meng and K. T. Chao, Y(4S,5S) — Y(1S)y transitions
in the rescattering model and the new BABAR measurement,
Phys. Rev. D 78, 074001 (2008).

[16] B. Wang, H. Xu, X. Liu, D.Y. Chen, S. Coito, and E.
Eichten, Using X(3823) — J/wxtz~ to identify coupled-
channel effects, Front. Phys. 11, 111402 (2016).

[17] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto, F.
Feruglio, and G. Nardulli, Phenomenology of heavy meson
chiral Lagrangians, Phys. Rep. 281, 145 (1997).

[18] H.Y. Cheng, C.Y. Cheung, G. L. Lin, Y. C. Lin, T. M. Yan,
and H.L. Yu, Chiral Lagrangians for radiative decays of
heavy hadrons, Phys. Rev. D 47, 1030 (1993).

[19] T.M. Yan, H. Y. Cheng, C. Y. Cheung, G. L. Lin, Y. C. Lin,
and H. L. Yu, Heavy quark symmetry and chiral dynamics,
Phys. Rev. D 46, 1148 (1992).

[20] M. B. Wise, Chiral perturbation theory for hadrons contain-
ing a heavy quark, Phys. Rev. D 45, R2188 (1992).

[21] G. Burdman and J. F. Donoghue, Union of chiral and heavy
quark symmetries, Phys. Lett. B 280, 287 (1992).

094018-7


https://doi.org/10.1103/PhysRevLett.100.112001
https://doi.org/10.1103/PhysRevLett.100.112001
https://doi.org/10.1103/PhysRevLett.113.142001
https://doi.org/10.1103/PhysRevLett.108.122001
https://doi.org/10.1103/PhysRevD.84.074016
https://doi.org/10.1103/PhysRevD.77.074003
https://doi.org/10.1103/PhysRevD.78.034022
https://doi.org/10.1103/PhysRevD.78.034022
https://doi.org/10.1103/PhysRevD.79.034024
https://doi.org/10.1103/PhysRevD.84.074006
https://doi.org/10.1103/PhysRevD.84.074006
https://doi.org/10.1103/PhysRevD.90.034019
https://doi.org/10.1103/PhysRevD.84.094003
https://doi.org/10.1088/1674-1137/40/10/100001
https://doi.org/10.1088/1674-1137/40/10/100001
http://arXiv.org/abs/1803.03225
https://doi.org/10.1103/PhysRevD.94.094039
https://doi.org/10.1103/PhysRevD.94.094039
https://doi.org/10.1103/PhysRevD.74.074003
https://doi.org/10.1103/PhysRevD.78.074001
https://doi.org/10.1007/s11467-016-0564-7
https://doi.org/10.1016/S0370-1573(96)00027-0
https://doi.org/10.1103/PhysRevD.47.1030
https://doi.org/10.1103/PhysRevD.46.1148
https://doi.org/10.1103/PhysRevD.45.R2188
https://doi.org/10.1016/0370-2693(92)90068-F

HUANG, XU, LIU, and MATSUKI

PHYS. REV. D 97, 094018 (2018)

[22] A.F. Falk and M. E. Luke, Strong decays of excited heavy
mesons in chiral perturbation theory, Phys. Lett. B 292, 119
(1992).

[23] O. Kaymakcalan, S. Rajeev, and J. Schechter, Non-Abelian
anomaly and vector meson decays, Phys. Rev. D 30, 594
(1984).

[24] Y.s. Oh, T. Song, and S. H. Lee, J/w absorption by 7 and p
mesons in meson exchange model with anomalous parity
interactions, Phys. Rev. C 63, 034901 (2001).

[25] P. Colangelo, F. De Fazio, and T.N. Pham, B — K™y
decay from charmed meson rescattering, Phys. Lett. B 542,
71 (2002).

[26] O. Gortchakov, M. P. Locher, V. E. Markushin, and S. von
Rotz, Two meson doorway calculation for pp — ¢ in-
cluding off-shell effects and the OZI rule, Z. Phys. A 353,
447 (1996).

[27] X. Liu, B. Zhang, and X. Q. Li, The puzzle of excessive
non-DD component of the inclusive y(3770) decay and the
long-distant contribution, Phys. Lett. B 675, 441 (2009).

[28] G. Li, X.h. Liu, Q. Wang, and Q. Zhao, Further under-
standing of the non-DD decays of y(3770), Phys. Rev. D
88, 014010 (2013).

[29] E. Eichten and F. Feinberg, Spin-dependent forces in
quantum chromodynamics, Phys. Rev. D 23, 2724 (1981).

[30] S. Godfrey and K. Moats, Bottomonium mesons and strat-
egies for their observation, Phys. Rev. D 92, 054034 (2015).

[31] Q. Huang, B. Wang, X. Liu, D. Y. Chen, and T. Matsuki,
Exploring the Y(6S) — y;,;¢ and Y(6S) — y,;» hidden-
bottom hadronic transitions, Eur. Phys. J. C 77, 165
(2017).

[32] M. Neubert, V. Rieckert, B. Stech, and Q. P. Xu, in Heavy
Flavours, edited by A.J. Buras and M. Lindner (World
Scientific, Singapore, 1992).

[33] P. Colangelo, F. De Fazio, and T. N. Pham, Nonfactorizable
contributions in B decays to charmonium: The case of
B~ — K™ h,, Phys. Rev. D 69, 054023 (2004).

[34] Z.w. Lin and C. M. Ko, A Model for J/y absorption in
hadronic matter, Phys. Rev. C 62, 034903 (2000).

[35] A. Deandrea, G. Nardulli, and A. D. Polosa, J/y couplings
to charmed resonances and to z, Phys. Rev. D 68, 034002
(2003).

[36] D. Coffman et al. (MARK-III Collaboration),
Measurements of J/w decays into a vector and a
pseudoscalar meson, Phys. Rev. D 38, 2695 (1988);
Erratum: Measurements of J/y decays into a vector
and a pseudoscalar meson, Phys. Rev. D 40, 3788
(1989).

[37] J. Jousset et al. (DM2 Collaboration), The J/y — vector +
pseudoscalar decays and the 7, 7/ quark content, Phys. Rev.
D 41, 1389 (1990); Status of SuperKEKB and Bellell
Experiment, 4th Workshop on the XYZ particles, Behang,
Beijing, China, Nov. 25, 2016 (unpublished).

094018-8


https://doi.org/10.1016/0370-2693(92)90618-E
https://doi.org/10.1016/0370-2693(92)90618-E
https://doi.org/10.1103/PhysRevD.30.594
https://doi.org/10.1103/PhysRevD.30.594
https://doi.org/10.1103/PhysRevC.63.034901
https://doi.org/10.1016/S0370-2693(02)02306-7
https://doi.org/10.1016/S0370-2693(02)02306-7
https://doi.org/10.1007/BF01285155
https://doi.org/10.1007/BF01285155
https://doi.org/10.1016/j.physletb.2009.04.047
https://doi.org/10.1103/PhysRevD.88.014010
https://doi.org/10.1103/PhysRevD.88.014010
https://doi.org/10.1103/PhysRevD.23.2724
https://doi.org/10.1103/PhysRevD.92.054034
https://doi.org/10.1140/epjc/s10052-017-4726-8
https://doi.org/10.1140/epjc/s10052-017-4726-8
https://doi.org/10.1103/PhysRevD.69.054023
https://doi.org/10.1103/PhysRevC.62.034903
https://doi.org/10.1103/PhysRevD.68.034002
https://doi.org/10.1103/PhysRevD.68.034002
https://doi.org/10.1103/PhysRevD.38.2695
https://doi.org/10.1103/PhysRevD.40.3788.2
https://doi.org/10.1103/PhysRevD.40.3788.2
https://doi.org/10.1103/PhysRevD.41.1389
https://doi.org/10.1103/PhysRevD.41.1389

