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Although heavy-quark symmetry implies a B, B molecular partner of the D; D molecule, no such state
has been observed experimentally to date. In this work, we propose that the experimentally observed
Y(11020) may be a candidate for such a molecular state, although it may also contain a B; B* component.
To explore whether the Y(11020) can be interpreted as an S-wave B, B-B,B* molecule, we calculate its
strong decay widths within this molecular scenario using the compositeness condition and effective
Lagrangians. The coupling of the Y'(11020) to its constituents B; and B®) is determined by fitting the
available experimental data on Y'(11020) — eTe™ and Y(11020) — y,;azz decays. With the extracted

coupling, we compute the partial decay widths of the Y(11020) into BET;BET;, ax Y (nS), zxh,(nP), and

zrmy,, via hadronic loops, as well as the three-body B*zB*) decays via tree-level diagrams. Our results
suggest that the Y'(11020) can indeed be interpreted as an S-wave B, B—B,B* molecule with a dominant
BB component, whose main decay channel is B:B*. Moreover, the partial widths for Y(11020) —
zzY(nS) and Y(11020) — zzh,(nP) are found to be only a few eV. In contrast, the widths for
Y(11020) — zzzy,, are considerably larger, with zzzmy,, reaching up to 0.167 MeV, while the yet-
unobserved zzzy;, channel could be as large as 0.754 keV. These distinctive decay patterns could serve as
experimental signatures of the molecular nature of the Y(11020), and their confirmation would provide a
test of the applicability of heavy-quark symmetry.

DOI: 10.1103/sm8b-pn94

I. INTRODUCTION

With the progress of experimental studies, several hun-
dred hadrons have been discovered to date [1]. Among
them, many can be interpreted within the conventional
quark model as mesons composed of a quark-antiquark pair
and baryons consisting of three quarks [2-4]. However, a
growing number of hadrons exhibit more intricate internal
structures, commonly referred to as exotic states. The first
established example, the heavy-quark state X(3872), was
observed in 2003 in the B* — K*zt2~J/y decay through
the #*z~J/y invariant-mass spectrum [5], pointing to a
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structure beyond the conventional gg picture, involving at
least four quarks. This discovery, together with the sub-
sequent observation of many other exotic candidates, has
raised fundamental questions about the spectrum of had-
ronic structures allowed by QCD.

QCD permits hadrons to realize a variety of configu-
rations as long as they satisfy the color-singlet condition,
including compact multiquark states, hadronic molecules,
glueballs, and quark-gluon hybrids [6-8]. Yet quark
confinement and asymptotic freedom make their internal
structures notoriously difficult to pin down. Consequently,
uncovering the configurations of these exotic hadrons has
become a central challenge in contemporary hadron
physics. Among the possible interpretations, the hadronic
molecular picture has emerged as an important paradigm,
offering a framework to interpret and predict exotic states
whose internal dynamics go beyond conventional quark
configurations [2—4]. This perspective is firmly motivated
by the fact that hadronic molecules exist in nature, with the
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deuteron—a weakly bound proton—neutron system stabi-
lized by the nuclear force—serving as the prototype
example.

A number of observed hadrons can indeed be interpreted
as molecular states, among which A(1405) is the most
prominent example in the light-quark sector. Both phe-
nomenological models [9-12] and lattice QCD calculations
[13,14] indicate that it is predominantly a KN molecular
state. In the heavy-quark sector, numerous candidates for
molecular states have been reported. The experimentally
observed X(3872) [5], with a mass very close to the DD*
threshold, has been widely studied as a DD* molecular
candidate [8,15-17]. The D (2317) and Dy, (2460) exhibit
anomalously low masses, lying about 160 MeV and
70 MeV below quark-model predictions [2], respectively.
These anomalies can be naturally explained as KD and
KD* molecular states [18-30], thus strongly supporting
their interpretation as molecular candidates. Furthermore,
the LHCb Collaboration has reported several hidden-charm
pentaquark states [31-34] that exhibit features consistent
with £.D*) molecules [35-44].

In addition to the experimentally observed molecular
candidates, many predicted states remain unconfirmed,
posing significant challenges to existing theoretical frame-
works. A particularly relevant framework is heavy-quark
symmetry (HQS) [45], which refers to the approximate
invariance of the strong interaction under changes in the
spin and flavor of a heavy quark when its mass is much
larger than the QCD scale. In particular, heavy-quark spin
symmetry (HQSS) predicts a JP¢ = 2*+ partner of the
X(3872) with a D* D* molecular component [46]. The Belle
Collaboration reported evidence for such a state in 2022 via
vy = yw(2S), with a global significance of only 2.8¢ [47],
highlighting the need for further investigation. Similarly, no
molecular partners of KD and KD*—namely, KB and
KB*—or of %.D")—the hidden-bottom pentaquark mole-
cules ZBB<*)—have yet to be observed [1].

Uncovering the heavy-quark-flavor partner candidates of
the D;D molecular state is the central objective of this
work. Experimentally, two states have been identified that
can be interpreted as DD molecular candidates [48-55],
namely Z; (4250) [56] and Y (4260) [57]. Its heavy-quark-
flavor symmetry partner, BB, is generally regarded as
unobserved; we argue, however, that it corresponds to the
experimentally established Y'(11020). The Y(11020), the
highest-mass Y state known to date [1], was first reported
by the CUSB experiment in 1985 [58] and soon confirmed
by the CLEO Collaboration [59]. Its existence was sub-
sequently confirmed with higher precision by the BABAR
and Belle experiments in 2008 [60], 2015 [61,62], and
2019 [63] through various production channels. According
to the most recent PDG compilation [1], its reported mass,
width, and spin—parity are

M=11000+4MeV, T'=24"3MeV, 1(JFC)=0(1"").

Currently, Y'(11020) is commonly identified as Y(6S5),
an S-wave vector bottomonium state. However, its decay
properties deviate from the conventional quarkonium
picture. Experiments show that Y (nS)zz and h,(kP)zz
production at the Y(6S) occurs almost entirely through

intermediate Z,(;) (corresponding to Z,(10610) and
Z,(10650)) states [61,62], leaving negligible nonresonant
contributions. By contrast, at Y(55) a substantial fraction

of Y(nS)zx yield occurs outside the Z\) channel. This
striking difference suggests a structural origin for Y(65)
distinct from its lower-mass sibling.

Given the prevailing interpretations that Z, and Z
correspond to BB* and B*B* molecular states, respectively,
and the observation that Y(6S) — Y'(nS)zz and Y(6S) —

hy,(kP)zm proceed via Z,(f) intermediates, we propose that
Y(11020) may have a molecular configuration composed
of B,B and B,B*. In this picture, decays are governed by
hadronic degrees of freedom, with the dominant mecha-
nism B;B*) - (B*B®)/B*B™)) 4+ n — Z\") + x, provid-
ing a common pathway to both HQSS-violating (4, z7) and
HQSS-conserving [Y(nS)zz] channels. This naturally
explains the Zﬁ,*)-dominated decay pattern and the near
absence of nonresonant contributions, with HQSS breaking
arising from the light-quark spin-orbit structure of Bj.
Thus, Y(6S) serves as a critical platform for exploring
exotic hadronic molecules.

To assess whether Y(11020) can be interpreted as a
B,;B™) molecular state, one can consider its proximity to
the B;B"™) threshold, complemented by calculations of
interactions and decay properties. Its central mass
(M = 11,000 MeV) lies only 5.41 MeV below the B,B
threshold, consistent with a yet-unobserved B; B molecule,
regarded as the heavy-quark-symmetry partner of the D; D
molecule. Since B and B* form a heavy-quark-symmetry
doublet, the B;B* component is also expected to exist.
Within heavy meson chiral perturbation theory, based on
spin-flavor symmetry, calculations show that B, and B(*)
interactions can form a molecular state [48]. Using this
molecular framework, we evaluate decay widths, particu-
larly strong decays, and compare them with experimental
data to test the molecular interpretation.

This paper is organized as follows. In Sec. II, we will
present the theoretical formalism. In Sec. III, the numerical
result will be given, followed by discussions and conclu-
sions in the last section.

II. FORMALISM AND INGREDIENTS

In this study, we explore whether the Y(11020) reso-
nance can be interpreted as an S-wave B,B(*) molecular
configurations through an analysis of its strong decay
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FIG. 1. Feynman diagrams for the Y'(11020) decays within the
B, B%) molecular framework. Y(nS) denotes the Y(1S), Y(25),
or Y(3S) state, while h;,(nP) represents the hj,(1P) or h,(2P)
state. Similarly, y;,; refers to the y,9, yp1, and y;, states
corresponding to J = 0, 1, and 2, respectively. The definitions
of the kinematic variables (p, p1, p2, P3, Pa» 4, k1, and k) used in
the calculation are also indicated.

behavior. The relevant Feynman diagrams are shown in
Fig. 1. To evaluate the Feynman diagrams shown in Fig. 1,
one first needs to construct the effective Lagrangian
densities associated with the relevant interaction vertices.
For the Y(11020)B, B vertex, we employ the interaction
Lagrangian given in Refs. [64,65], expressed as

LY(11020)BIB<*>:/d4yq)(y2)[gr(11020)B,BY”(X)B(X+0)B,)’)

X By, (x = ®pY) + 9v(11020)8, B €uap® Y ()
X B (x+wp ) Bl (x—wpy)|+c.c., (1)

where the coefficients wg, = mpg, /(mp, + mp.) and
Wpe) = Mpe/ (mB] + mp.) depend on the respective
masses of the B, and B*) mesons. The function ®(y?)
represents an effective correlation function that character-
izes the spatial distribution of the constituent mesons
inside the molecular configuration. In addition to encoding
this internal structure, it also acts as a natural regulator,
ensuring that loop integrals remain ultraviolet finite.
Although its explicit form is not unique, it must decrease
rapidly in the ultraviolet domain. Following the conven-
tional treatment in hadronic molecular studies, we adopt a

e

Y(nozo)(P) = ZI;l/(IIOZO)B,B(p) +Zy

Bi(q)

T (11020)

BY(p—q)

FIG. 2. Mass operator of the Y'(11020), interpreted as a B; B™*)
molecular state. Here, ¢ and p denote the four-momenta of the B,
meson and the initial Y'(11020), respectively.

Gaussian-type correlation function whose Fourier trans-
form takes the form

®(p3/A?) = exp(—pz/A?), (2)

where pg denotes the Euclidean Jacobi momentum, and A
is a size parameter, typically of order 1 GeV, that may vary
across different systems. Here, A is to be determined
through a fit to the experimental data, with the detailed
procedure described in the next section.

The coupling constant gy.(;159)5,5¢ 10 Eq. (1) is deter-
mined using the compositeness condition [66,67]. This
condition requires the renormalization constant of the
hadronic molecular wave function to vanish,

62%( 11020)(P)
Zy(1i20) = X, T X3 — W =0,

p =m€'(| 1020)
(3)

where p denotes the four-momentum of the Y(11020).
Xp,p and Xp p- represent the probabilities of finding the

BB and B,B* molecular components in the Y(11020),
respectively, and they satisfy Xp j + X 3 = 1. The trans-

verse component anr(nozo)(l’) of the mass operator

g

(11020 (P) 1s related by

Zglry(uozo) (p) = jSyzwlr(nozo)(l?) + pﬂpv/p22§.(11020) (p).
(4)

where ¢ = (¢ — p*p*/p?*) and 25(11020) (p) being the
longitudinal parts of the mass operator. Using the effective
Lagrangian in Eq. (1), the mass operator o (P)

corresponding to Fig. 2 can be expressed as

d*q
(11020)B, B* (p) = 22

.o . . 2
—d'" +q'q! /mj, [ 9110208, B
(

x ®*(q — g, p) —e5
! F-my lp—gqP-my
—9" +(p - 9)*(p - q)"/m},
5 B 2
x peguypt (- q) —m2 9y (11020)8, B |° (5)
2.
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where T 00 5 5(P) and 2y 00 5 (D)

energy contributions from the B;B and B;B* molecular
components, with the indices ij = pv and A corresponding
to the B, B and B, B* systems, respectively. One should note
that wp, differs between the BB and B;B* channels.

To evaluate the Feynman diagrams shown in Fig. 1, it is
necessary to specify the effective Lagrangian densities
corresponding to the relevant interaction vertices. For the
B|B*r interaction, we adopt the following Lagrangian,
constructed within the framework of chiral perturbation
theory (CPT) [68]:

denote the self-

Ly =TT H T (DA + iD A5t +Hee (6)
X

where H and T are the heavy-meson fields, defined as

1+ 147
Ha {Baﬂ}/ a}/S}?

14+ ¢ B 3 L Yt =)
Ta = D) { 211; Yv— Blav \/;75 |:gﬂ - 3 )
(8)

with indices a and b labeling SU(3) flavor components
(u,d,s). The velocity four-vector of the heavy quark is

H, =y Hly", (7)

taken as v = (1, 6), and the ratio gry /A, in Eq. (6) serves
as an effective coupling constant, where A, denotes a
momentum scale characterizing the convergence of the
derivative expansion, typically A, ~ 1 GeV [68]. The ratio
gru/A, is determined from the experimental total decay
width of the B;(5721) state [1]. The detailed results will be
presented in the next section. Note that the total decay
width of B;(5721) is given by the sum of its partial widths
for the zB* and yB™) decay modes.

The remaining quantities appearing in Eq. (6) that have
not yet been specified are A, =1(£0,& — £9,&) and
D,=0,+V, with V,=1(£0,& +£79,). The fields
are defined as & = exp [t/fv‘—”] with f, = 132 MeV and M
denotes the octet of pseudoscalar mesons,

\/Liﬂo_‘_%n 7[+ K+
M= n -5+ zn K (9)
- 0 2

Expanding to leading order, one obtains

A, = —fiﬂa,,M, v,

The effective Lagrangians describing the interactions at
the Zg)BB*, Zg)Y(nS)n, and Zg)hb(nP)ﬂ vertices are

=0. (10)

given by [69-72]

Ezf;)Bmg* = 92,85 Z,(B;B" + BB},")
+ 92 b5 Cugp®Zy BB + He. (1)
gZ(/)Y(nS)ﬂ
_ b
ﬁzg)Y(nS)zr o my, aﬂY(nS)y
x (#zZ\)" — #xZ)") + He., (12)
_ () x
EZI 'y (nP)z ng)hh(nP)JreﬂW/be @ hy, (I’ZP)( 'z +He.,

(13)

where the coupling constants g, g+ and 9z, pp are
extracted from the experimentally measured partial widths
of Z, — BB* + B*B and Z — B*B*, respectively. Using
the Lagrangian in Eq. (11), the two-body decay widths
[(Z; - B**B%) and I'(Z,} — B**B**) are related to the
corresponding coupling constants as

2 2
. 92,88 (Pyp
[(zf - B*B%) = 222 ( BB

1
7 +3>PB*BO zirzz,

24amy \ mp.
2 2
o me gZ/ B*B* mZ,
Izt - B**B*) = 2”4—77 (mB* + 2) Py o,

where Pp.po and Pp.p0 denote the three-momenta of the
B° and B*0 in the rest frames of Z, and Z/, respectively.
Using the experimental total widths Iz =184+

2.4 MeV and FZ;A =11.54+2.2 MeV, together with the

measured branching fractions—accounting for 85.9% and
74% of the total widths, respectively—and the particle
masses from Ref. [1], we obtain g, pp- = 13.52 GeV
and 97,88 = 0.94 GeV.

For the coupling constants 920 (n$) and 920 b (nP)r’
b b

their values are also determined from experimental data [1].
The relations between these couplings and the correspond-
ing partial decay widths can be derived from Eqgs. (12) and
(13), and are given by

2

70+ T20v0s)
[(Z," = Y(nS)r) = %—mPYﬂ[Qm ) Fmi)
x (m?, —m%n —m2)?
b
+8m2 m%(m;,)—mzyn)],
b
[0 by (nP)) = P
(@) = hy(nP)r) = s
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TABLE L. Experimental partial decay widths (central values) " where Py, . denotes the three-momentum of the 7 meson

(in MeV) for the processes Zg” - Y(nS)z* and  in the Z, rest frame. ng), my,, , my, , and m, represent the
Zé” — h,(nP)z™", together with the corresponding coupling

!
L . . masses of the Z,(j), h,(nP), Y(nS), and 7 mesons, respec-
constants g_,. Here, g_¢, .. is dimensionless, whereas g_ is
Zg) ZE’)IIY Zi)ﬂllh

Z tively. The coupling constants are extracted directly from

expressed in units of GeV~'. the experimental values listed in Table I, and the corre-
YIS\ Y2\ YRSzt h(1P\at he(2P)a+ sponding results are summarizefi t.herein. .

(IS)a” YQS)a™ Y(3S)27 hy(LP)x” h,(2P) Based on the heavy-quark limit and chiral symmetry

I'(Z, =) 00994 0.6624 03864  0.6440  0.8648 [73], the interactions between light vector and pseudoscalar

9z, 04876 33043 9.2470 02836 1.0315 mesons and the heavy bottom mesons are expressed as
I'(Z,—-) 00196 0.1610 0.1840  0.9660 1.7250 [65,74-78]
9z, 0.2058 1.4670 4.9020  0.3165  1.1807 ’

. <u . it H .
ﬁg(*)]g(*)v//\/{ = _lgBBVBja Bj(V;)ij + lgB*B*VBiUTa Byj(VZ)ij

— 2f 5 5vEuap(#V), (B0 BY —BPT0"B,) + idfypoy By (V¥ — Vi), B

i ij=vj
—i BB, —BTB)MM 41 B*¥M 0" B” +H 14
lgB*BM( i ju i j) ij + ng*B*Meﬂyaﬁ i ij J +H.c., ( )
ﬁg(*)B,v = igB*BIVEﬂbaﬂ[Blllb<aaBZW) - (0“B’1‘b)BZ”WV€a + gBBlvaBIfZ(Vu)hav (15)

L, poge = ~9y,088X0BB" — g, p 5 xpoBi B
+ ig%blBB*Zlgl (B;BT - BB;T) - g)(thB)(ggaﬂBaVBT
= igy, B BEwapO"Xsr (0,B* BT — ’Bo,B*") + g, pp ;/,;;(B;;B:T + B:B}"), (16)

<>
where A9’ B = A(0"B) — (0"A)B. M denotes the matrix containing the pion fields, as defined in Eq. (9), and V represents
the vector-meson nonet in matrix form, given by

V= P \/ii (= +w) KO |. (17)
K*— I_('*O ¢

The bottom meson triplets are defined as B*) = (B®)*, B0 B} and B, = (B,(5721)°, B,(5721)*, B,,(5830)).
From the heavy-quark and chiral limits [73,74,76], the relevant coupling constants can be written as

988 M = 9p-am/ /Mg =29/ fr, fepv = fppv/mp = Agy/V2, and ggpy = gp-prv = Pgv/V/2, where g = 0.59,
1=0.56 GeV~!, =109, and gy = m,/ f ., with the p-meson mass given by m, = 775.26 MeV. Similar, one obtains

gBBIV = ngI§1 R /mBmBI /\/g and gB*B]V = gvlgl/\/g, with ng =59and gl =-0.1 [65,73,74,76] The Couplings Of)(bj
to B*) B*) are determined by a single gauge coupling g; = — 4 /my, /3/fy, with the decay constant f,, = 175 & 55 MeV
[77,78], as explicitly given in Ref. [76],

9y 0BB — 2/\/591 1My B> 9B B — 2/\/591 My M B*
9y,,BB* = 2\/591\/”1;(;,1’”3"13*, 9%,,BB = 291\/7”;(,,2"13,

_ 3 _
9y,BB* = glmm/ mpmp-, 9y,B*B* = 4g, My, Mp* -

Finally, we consider the effective Lagrangians that describe the B*)B,y and e*e~y coupling vertices. For the e*e™y
interaction, we employ the commonly used and well-established form,
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Loty = —ieby*uA,, (18)

where A, denotes the photon field, while u and v are the
spinor wave functions of the electron and positron, respec-
tively, and e? = 4x/137. For the B*)B,y couplings, we
adopt the effective Lagrangians from Ref. [65,79],

EB]B}/ = iegB]ByBﬁlauBaﬂAy, (19)
EBIB*V = igB*B]yelu/aﬁB/lla B*VA/}. (20)

The coupling constants YyBi B+ and 9ypopo are determined

from the partial decay widths of B — By and B! — B',
which are obtained from Eq. (19),

(B,

o2 2\ 3
~ By) :9‘29137][ m%m&(l—Z—B) . (21)

Since the width of the B; — By decay is not well deter-
mined experimentally, we adopt the theoretically predicted
partial widths from Ref. [79], namely, I'(B] — BTy) =
99.3 keV and (B — B) =26.22 keV. Accordingly,
the coupling constants are determined to be 9yBi B+ =

0.334 GeV~! and Gypopo = 0.172 GeV~'. For the coupling

constant gg-p,,, since there is no available experimental or
theoretical information, its value will be determined by
fitting to the experimental data in this work.

By combining all the components, we obtain the full
decay amplitudes, which are summarized in Appendix A.
Once the amplitudes are obtained, they can be substituted
into decay width formulas to calculate the corresponding
partial widths. The detailed expressions can be found in
Ref. [1]. For both two-body and three-body decay proc-
esses, the final expressions are obtained by performing
direct integrations over the respective phase spaces, as
given below,

L1 [pal

dr(Y(11020) » AB) = 57—~ = o | M|2dQ,
(22)
dr'(Y(11020) — AB — ACD)
11 1
27+ 1(27)° 16m3 gy
< |[MP|BelPaldmepdQ, dQ,, . (23)

where J denotes the total angular momentum of Y (11020),
| 4| represents the three-momentum of the decay products
in the center-of-mass frame, and the overline indicates a
sum over the polarization vectors of the final hadrons. The
quantities (pg, ) correspond to the momentum and

emission solid angle of the particle C in the rest frame
of the CD system, while Q, denotes the solid angle of
particle A in the rest frame of the decaying particle. The
variable mcp is the invariant mass of the CD pair, subject to
the constraint me + mp S mep S mY(llozo) — NMy.

Using the two-body decay formulas obtained above, the
decay width for Y(11020) — y,;@ — y,;znn can be
factorized as

(Y (11020) = yp,0 = xp,7n7)
— I(Y(11020) = y,,@) x Br(w — 37),  (24)

where Br(w — 37) = (89.2+0.7)% [1] denotes the
branching ratio of the @ meson decaying into three pions.
A detailed calculation is provided in Appendix. B, along
with a similar example for which the cross-section formula
for the corresponding multibody final state can be found in
Ref. [80]. T'(Y(11020) — y,;w) denotes the two-body
decay width of Y(11020) — y,,;w, whose corresponding
amplitudes have been given in Eqgs. (A12)—(Al14).

III. RESULTS AND DISCUSSIONS

Prior to evaluating the decay widths, the unknown
coupling constants gyy10x0),5+ and gp p-, associated

with the effective Lagrangians, as well as the model
parameter A, need to be determined. To this end, we
perform a fit to the experimental partial widths of the
decays Y(11020) — eTe™ and Y(11020) — zramy,;(1P),
which correspond to branching fractions of (5.47)7) x
1076 and 979 x 1073, respectively [1]. It should be noted
that the decay width of Y(11020) — zamy,,;(1P) is
regarded as the total of the widths for the three channels
X00(1P), xp1 (1P), and yyy(1P).

Within the molecular scenario, where the Y(11020) is
interpreted as a bound state of BB and B,B*, the decay
amplitudes entering the fit are given in Eqs. (A1)—(A14).
Using these amplitudes, we obtain the Y(11020) —
znmy,;(1P) decay width shown in Fig. 3(a), which
illustrates its dependence on the molecular component
Xp,p and the cutoff parameter A. As seen in the figure,
when only the experimental central value of the decay
width (0.216 MeV) is employed, X 5 can vary over the full
range from O to 1, while A is restricted to the interval 0.54—
0.71 GeV. Table IT summarizes the fitted values of X 5 as a
function of A (in steps of 0.01), evaluated at a fixed width
of 0.216 MeV for the Y'(11020) — zzzy,;(1P) decay. The
cyan band denotes the experimentally allowed range,
0.162-0.288 MeV, determined from the total uncertainty
of the measured width and the central value of the
branching fraction into zzzmy,;(1P). This range will be
adopted as the experimental constraint in the uncertainty
analysis, with the corresponding results presented and
discussed in the final section.
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FIG. 3. (a) Decay width of Y(11020) - zzmy,;(1P) as a
function of the model parameter A and the B;B molecular
component. The cyan band indicates the experimental uncer-
tainty, while the red solid line denotes the central value.
(b) Coupling constants gy (in GeV for Y(11020)-B,B and in
GeV~! for Y(11020)-B,B*) as a function of the molecular
component, evaluated at the values of A corresponding to the
molecular components listed in Table II.

Using the fitted values of the model parameter A and the
corresponding molecular components listed in Table II,
we calculate the corresponding coupling constants
9y(11020)8,¢)- The resulting values are shown in
Fig. 3(b). We find that the coupling gy(;1020),3 InCreases
monotonically ~ with increasing Xg 3. Comparing
Gr(11020)8,8 With gy (11020),5» We find that their behaviors
are quite different; the coupling constant gy(ii020)5,5*
decreases with increasing Xp 3. The opposite trend can
be easily understood, as the coupling constants gy(;1020)5,
and gy(11020),5+ are directly proportional to the corre-
sponding molecular components [81].

In our fit to the Y(11020) — e*e™ decay, a similar
opposite trend is observed, as shown by the blue dotted line
(overlapping with the green dashed line) and the magenta
dash-dotted line in Fig. 4. This behavior can be attributed to
the contributions of the BB and B,B* molecular compo-
nents, respectively. The magenta dash-dotted line, corre-
sponding to the B;B* component, reaches its maximum at
A =0.54 and X p- = 0.0279. With the coupling constant
gs,py = 0.0218, a decay width of 92.85 eV is obtained,

TABLE II.  Fitted values of the model parameters and the B,B
molecular component for a Y(11020) — zzazy,;(1P) decay
width of 0.216 MeV.

400 ——— —
— * -2
=== gy ,72.18"10
S 300F -~ gy, =173*10" -
2 T a--s -
0 LT s
‘o 200 N
1 ‘ )
7
ot — ]
=100 T -
T L e -
000 025 050 075  1.00
XB B

FIG. 4. Decay width of Y(11020) — e*e™ as a function of the
coupling constant gz 5+, and the B 1 B molecular component. The
red solid line represents the experimental central value of
Y(11020) — ete™, while the black dashed and green dash-
dotted lines correspond to gg p-, = 0.0218 and 0.000173, re-
spectively. The blue dotted line (overlapping with the green
dashed line) and the magenta dash-dotted line represent the
contributions from the BB and B, B* components, respectively.

which is smaller than the experimental central value of
129.60 eV. At this point, the total width attains its minimal
value and can be directly compared with the experimental
result, as indicated by the black dashed line in Fig. 4,
suggesting a lower bound on the parameters A and Xp p-.
When the coupling constant is further reduced to
gp,gy = 173 X 107*, an upper bound on the parameters
A and X p can be obtained, since the total width becomes
nearly identical to that obtained by retaining only the B,B
component. From Fig. 4, we find that the maximal allowed
values occur at A =0.615 and Xz 3 = 0.761, beyond
which the predicted decay width begins to exceed the
experimental value, providing an upper constraint on the
model parameters. Accordingly, we adopt the ranges A =
0.54-0.615 GeV and Xz 5 = 0.0279-0.761 in our evalu-
ation of the decay width.

Before presenting the results, we finally need to deter-
mine the coupling constant gry/A,. Using the effective
Lagrangian in Eq. (6), we compute the partial decay widths
of B;(5721) — B*z, and the results are summarized in

TABLE III. Partial decay widths of the bottom meson
B(5721)° — B*z and By. The values in the last column, labeled
as “"Exp.", represent the experimental measurements. The unit is
MeV.

Decay

A X3, B A Xp,B A Xp,B
0.54 0.0279 0.60 0.684 0.66 0.915
0.55 0.215 0.61 0.737 0.67 0.940
0.56 0.350 0.62 0.781 0.68 0.963
0.57 0.459 0.63 0.818 0.69 0.977
0.58 0.548 0.64 0.856 0.70 0.996
0.59 0.622 0.65 0.887 0.71 1.017

State J? Decay channel

width (MeV) Exp. (MeV)

B*n™
B*n®
By
B*y
Total

B, (5721)° IF

74.833 /A2
38.25¢% /A
0.721
0.0233
113.093y/A; +0.721 27.5 £ 3.4 [1]
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Table III. By comparing the calculated total width with the
experimental width of B;(5721)°, we extract gry/A, =
0.487700%9. Note that the total width reported in Table IIT
does not include the B; — B*y channel, whose contribution
is negligibly small. Even when the maximal fitted value
of the coupling constant gg g, =0.0218 is inserted
into Eq. (20), the corresponding partial width is only
0.0233 MeV.

With the information obtained above, the total decay
widths, including both the two-body and three-body con-
tributions, are presented in Fig. 5 as functions of X 3 in the
range 0 < Xy 5 < 1, where X 3 = 0 corresponds to the
absence of the B;B molecular component and X =1

corresponds to a pure B,B molecular state. Only the
dominant channels are shown separately, namely the
two-body decays Y(11020) — B*)B*) and BYBY. as
well as the three-body decay Y(11020) — BzB™.
Contributions from other channels are not displayed
individually, but are included in the total width. The cyan
bands indicate the experimental total width with uncer-
tainties (18-32 MeV), and the dashed solid line represents
the experimental central value. From the figure, it is evident
that the theoretically calculated total width decreases
monotonically with increasing B, B component. The results
are highly sensitive to the model parameter A and the
molecular component Xp 5, with the total width ranging
from 52.42 MeV at A = 0.54 GeV and X 3 = 0.027 to
3.85 MeV at A =0.707 GeV and Xz 5 = 1.

Using the fitted values of the model parameter A and
the molecular component Xp 3, which vary consistently
within the ranges A = 0.54-0.615 GeV and Xg 3=
0.0279-0.761 (as summarized in Table II), the calculated
total decay widths of the Y'(11020) are in good agreement
with the experimental measurements over the entire param-
eter range. In particular, for A = 0.613 GeV, where the
Y(11020) is assumed to contain a 75.4% BB molecular
component, the calculated total width coincides with the
experimental central value of 24 MeV, as indicated by
the pentagram in Fig. 5. This agreement demonstrates that
the experimentally measured total decay width can be well-
reproduced within our framework, providing strong and
direct evidence that the Y'(11020) can be interpreted as an
S-wave B, B-B;B* molecular state, dominated by the B,B
component.

Our results suggest that, when the Y(11020) is inter-
preted as a B, B—B;B* molecular state, its dominant decay
channel is B} B?, which has not been observed experimen-
tally, with a partial width of 10.573 MeV, larger than that of
the three-body decay channel B*zB + B*zB*, also not seen
experimentally, which is induced by the tree-level contri-
bution and calculated to be 5.573 MeV. This behavior stands
in stark contrast to interpretations of the Y'(11020) as a
conventional bb quarkonium state; for instance, Ref. [82]

I(Y->) (MeV)

FIG. 5. Decay widths of Y(11020) with the red solid line
representing the total width, the orange dotted line for B*B*, the
blue dash-dotted line for B*B, the magenta dash-dot-dotted
line for BB, the wine two-point-segment solid line for
B*zB + B*nB*, the dark yellow short-dashed line for B:B?,
the navy short-dotted line for B:B,, and the purple short dash-
dotted line for B,B,. The cyan bands show the experimental total
width with uncertainties, and the dashed solid line indicates the

experimental central value, which matches the theoretical total
width at A = 0.613 GeV and X 5 = 0.754.

found that the BB decay channel accounts for 58.69% of the
total width, whereas the BiB} channel contributes only
0.914%. Furthermore, an analysis of e e~ annihilation data
into bottomonium states [83,84] using the K-matrix method
indicates that the dominant decay channel of the Y(11020)
is B,B,, accounting for approximately 70%-90% of the
total width [85], which is significantly larger than the BB,
partial width obtained in our calculation, amounting to only
0.418 MeV at A = 0.615 GeV. In the framework of the
nonrelativistic quark model, the dominant decay channel of
the Y(11020) is predicted to be B*B*, with a branching
fraction exceeding 50% [86], in agreement with calculations
performed using the 3P, model [87,88], in contrast to our
calculation, where this channel contributes only a small
fraction of the total width. Taken together, these differences
in the decay patterns could serve as crucial experimental
signatures for testing whether the Y(11020) can be inter-
preted as a B, B—B,B* molecular state.

Under the interpretation of Y(11020) as a B,B-B,B*
molecular state, Table IV presents the partial decay widths
for experimentally observed channels, calculated at A =
0.613 GeV with X 5 = 0.754. The decays Y(11020) —
azY(nS) and Y(11020) — nzh,(nP) proceed via the
intermediate resonances Z, and Z), as illustrated in
Fig. 1(c)-1(d), with partial widths on the order of a few
eV. This result differs significantly from predictions based
on conventional quark models, which generally yield
partial widths on the order of keV [88]. Through the
intermediate @ meson, the decay width of the channel
Y(11020) - zrazy,; increases substantially, with the
rwrmyy, final state reaching 0.167 MeV, while the smallest

034034-8



INTERPRETATION OF Y(11020) AS AN §- ...

PHYS. REV. D 114, 034034 (2026)

TABLE IV. Partial decay widths of the Y'(11020) into exper-
imentally observed channels.

Channel Width Channel Width

arY(18) 8.242 (eV) AT o 0.754 (KeV)
ar Y (2S) 29.715 (eV) ARTTY b 0.167 (MeV)
ar Y (3S) 161.592 (eV) TRTY 1o 0.048 (MeV)
arhy(1P) 37.281 (eV) anhy(2P)  0.117 (KeV)

zrmy, channel, which has not yet been observed exper-
imentally, remains 0.754 keV in our model.

It is worth noting that, since the threshold of the B,B*
channel is very close to that of the B;B*) channels, its
contribution should, in principle, also be taken into
account. However, in the present work we do not include
the B,B* channel in our analysis for the following reasons.
Our results indicate that the Y(11020) contains about
75.4% of the B;B component, which is consistent with
our expectation. If heavy-quark flavor symmetry (HQFS)
holds, then in the corresponding charm sector one should
also expect a molecular state dominated by the DD
component, with possible candidates corresponding to
Z,(4250) or Y(4260). In this context, the effect of the
D, D* channel is expected to be small, since its threshold is
about 180 MeV higher than that of the D; D channel. Such
a large mass gap typically leads to a strong suppression of
interchannel couplings. Therefore, even if the D,D* chan-
nel couples strongly to the D;D* channel, which itself
constitutes only a small component, its overall contribution
is expected to remain limited. If HQFS holds between the
bottom and charm sectors, a similar feature should also

60 ————————————
a0t i
2
N ;(0.527,0)
) =~ 0L
= 20 | Soo
~e-.
(0.550,0.527) = ~ _
1

L | L L | L
c()).OO 0.25 0.50 0.75 1.00
X31 B

FIG. 6. The decay widths of Y(11020) as a function of the
molecular component X 5. The black solid curve is obtained by
fitting only the central experimental values of the partial widths
Y(11020) —» zzmy,,;(1P) and Y(11020) — ete™. The red
dashed and blue dotted curves correspond to the total decay
widths calculated using the parameter sets obtained from fitting
the lower and upper bounds of these experimental inputs,
respectively. The magenta circle correspond to the decay width
calculated from the limiting fitted parameter (A, Xp p).

appear in the Y(11020) system, implying that the B,B*
component should be small. In addition, from a technical
perspective, in the absence of sufficient experimental
constraints and input, the inclusion of the B,B* channel
would significantly increase the model uncertainties, mak-
ing the numerical results more sensitive to parameters and
approximations, and thereby reducing the overall reliability
and predictability of the present calculation.

Finally, we perform an uncertainty analysis by repeating
the fitting procedure described above, in which the exper-
imental partial widths of Y(11020) — zzzy,;(1P) and
Y(11020) — ete™ are varied within their allowed ranges.
Both the upper and lower bounds are taken to estimate the
corresponding uncertainties. Our calculations show that the
dominant decay channel remains B;B*. The partial widths
for Y(11020) — zz Y (nS) and Y(11020) — zzh,(nP) are
still very small. In the Y(11020) — nzzy,; decays, the
largest contribution remains zzzy,;, while the yet-unob-
served zzmy,, channel is still the smallest. Since these
results do not change the main conclusions obtained from
the central-value fit, we do not present these partial widths
and only show the total width, as illustrated in Fig. 6.

When both widths are simultaneously set to their lower
bounds, 0.162 MeV and 97.2 eV, respectively, we obtain
A = 0.528-0.550 together with a molecular component
xp, g = 0-0.527. In this case, the total decay width varies in
the range 16.16-25.64 MeV, corresponding to the values
between the two magenta circles along the red dashed curve
shown in Fig. 6. When the upper bounds are used in the
fitting procedure, we obtain A =0.54—0.73 and
Xp,p = 0.083 —0.9995, yielding a decay width in the
range 4.32-59.355 MeV. These results indicate that the
experimentally measured total width of Y(11020) lies
within our theoretical prediction range. Therefore, within
the present framework, Y (11020) can be interpreted as a
molecular state, although the extracted fraction of the B, B
component varies significantly. As illustrated in the figure,
this component can become very small or even vanish when
the lower bounds of the experimental inputs for
Y(11020) - zzzy,,;(1P) and Y(11020) — ete™ are used,
while it can reach about 82% when the upper bounds are
adopted.

IV. SUMMARY

In this work, we investigate whether the experimentally
observed Y(11020) can be interpreted as an S-wave
B,B-B,B* molecular state. Using the compositeness con-
dition and effective Lagrangians, we calculate the strong
decay widths of Y(11020) within the molecular frame-
work. By fitting existing experimental data, including
Y(11020) —» ete™ and Y(11020) — y,yzzn decays, we
extract the couplings of Y(11020) to its constituents B,
and B™),
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With the extracted coupling, we calculate the partial

decay widths of the Y(11020) into B{})B;), zzY(nS),

arhy,(nP), and zrzy,, via hadronic loops, as well as the
three-body B*zB™*) decays through tree-level diagrams (see
Fig. 1). The results indicate that the Y'(11020) is predomi-
nantly a B, B molecular state, accounting for approximately
75.4% of its total composition. Its primary decay channel is
the strange B*B* mode, which has not yet been observed
experimentally. Notably, the partial widths for zz Y (nS)
and zzh,(nP) are only a few eV: 8.242, 29.715, and
161.592 eV for zz Y (1S), zzY(2S), and 7z Y (3S), respec-
tively, and 37.281 eV and 0.117 keV for zzh,(1P) and
zrh,(2P). In contrast, the zzmy,; channels, especially
nrmyy, are significantly enhanced, reaching up to
0.167 MeV. The yet-unobserved zzzy,, channel could
be as large as 0.754 keV. These features differ substantially
from the predictions of conventional quark models and

provide a clear experimental signature for the molecular
interpretation of Y'(11020). Such distinctive decay patterns
could be probed at LHCb and other experimental facilities.
Once experimentally confirmed, they would further deepen
our understanding of heavy-quark symmetry.
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9" + k5k5 /m,
X elnﬁﬂpleﬂ(p) k2 2 s (Ag)
—_ mB*
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i\/§gTHgY(11020)B,B —Qﬂy+k1,4k1,4/ Bi o

M, = A1, O[(kywp — kyop, )%]%(P) K (P (1 +P)rs
» },1/ ya — %
X <9 - %) P2ab2Vss (A10)
V39mHIv (1020 BB ot — ot
M,y =i ( ) dD[(kla)B* - kszl)%]ej;(pl)y"(l + ?5)75 g = ¥ P2ﬂ15275
4N, f 4 3
—¢7 + Kik{/mj « \
S k2 — m2 l €m’[ﬂo'p eﬂ(p)(:‘ ﬁ(k2)v (All)
1 B,
Mg, = ,-gxboBBQBlegwnozowlB/ d'q D[(kjwg — kywp, )3es( )_gﬂy K/, )t 1
f1 \/E (27[)4 1%B 2WB,JE ﬂpt k%—m%] v\P k%_m%qz_m%
9y,08°B 98, BVIY(1020)8,8° [ diq . —g"" + Kk /m3 .
- SRR S / Gy Ol = koo Velewap (s + )€ (p) == 5 €y ™€)
—g“ + KK /m3, —g + q' gt fmd
X K2 — m? 7 —m} . (A12)
B *
9y, BB 9B, B VIY(11020)B,B d*q N -7+ q*q"/ m%
Mf2 = —== 1 \/i ] /(2”) q)[(kla)B k2wB ) ] m/aﬁ(q + k ) (pt)en(p)e/l(p4) q2 _ m%*
—g + KKK m? o 4 —g' + KN kG ) m>
(TR L St I om0 — o, )
ki—mp k- m3 V2 (27) ki —mp,
—g" + k§kS /m?2, 1
A *
X GM(lap €'7(p) k% _ m%* €5(p4) q2 _ m% ) (A13)
My = — igxszBgBlegY'(llozo)BIB/ d'q ®[(kywg — ko, )les(p)e (pa)a" g ! €( )_gaﬂ + ik
f3 \/E (271_)4 1Wp — Ra2Wp, ﬂ p Hv Pa)q"q qz_m% Pt k%—m%]
1 ig;(sz*BgBlB*VgY(l]OQO)BIB/ d*q
X — D[(k > —k 2 *T QaPk
k% _ m% \/5 (27;)4 [( 1@p 20)31)5]65(19)6 (Pz)%mﬂpw 2ﬂ€;4p(p4)
-3+ q*q" | m3, Ay -9 + k?kf/m%;l 1 9y,8BYIB,BVIY(11020)8, B [ d*q
x 2 _ m (g + k1) €anie k2 — m? k2 — m> + V2 (2r)*
q B* 1 B, 2 B
L9+ k"k"/m%] ) — g+ KAk m2, . 1
2 q’[(kle* - k2w31>2E]€p<Pt) k2 €icP €”(P> 2 — m2 67[55(/}[)26 X(P4)k2;(qq’ﬁ
B1 7 — My q- —mpg
9y, B*9B,B*V 9Y(11020) B, B* d*q i k”k"/m%] .
— : \/E ( 5 / (271') q)[(kle* kaB ) ] /u/aﬂe (pt)(q + kl) k2 B €mlap €”(p>
1
—g + KK md, R
X - B e*7¢(p,) Ry , (A14)
B* B*

where p, = p; + p, + p3 and p; = p, + p3. The symbol ¢(p) denotes the polarization vector of the initial Y'(11020) state,
while €* corresponds to that of the final states. The amplitudes M, M, and M ;3 represent the transitions to the B*B*,
B*B, and BB final states, respectively. Similarly, M, M,s, and M, correspond to the BB}, B:B;, and B,B; final states,
respectively. The amplitudes M, and M, describe the three-body final states B*zB and B*zB*, respectively. In addition,
My, My, and M43 denote the amplitudes for the final states involving the production of y, x51, and y,, respectively.

For the production of Zg), only the B?B(*)O component contributes. Therefore, the total amplitude should be multiplied by a
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factor of 1/+/2, which originates from the C-parity of the
Y(11020) and leads to its flavor wave function being
expressed as [65]

[Y(11020)) = 1/V2(|Bf B®)~) 4 |BOBM0)).  (Al5)

APPENDIX B: DECAY WIDTH FORMULA
FOR Y(11020) — yx; nnzx

In the narrow-width approximation (NWA), I'y < My
(valid for the @ meson) and neglecting vertex dependence
on the virtuality of X, the cascade decay factorizes. For the
chain

Y(11020) = yp 0 — ypnnn, (B1)
let A=1Y(11020), X = @ (mass My, width ['y), B =y,
and n-body final state (n = 3) with invariant mass
M3 = (pg, + Px, + Pr,)* The total amplitude via X reads

1
M2 — M% + iMxTy

Mupitn = Maspx(M,)

X MX—»lmn(Mn)’ <B2)

and the (n + 1)-body width is
1
IﬂA—»B.l---n = M/d®n+1§m|MA—>B,lmn|2' (B3)
Decomposing the phase space,

am?

d®, | = dP,(A - BX)Z—dCDn(X —1---n), (B4)

/4

yields

dr‘A—»B 1-n 1 MnFXal--»n(Mn)

————— =Ty pxM,)— . (B5
dM% A BX( n)ﬂ'(M%—M%)z—I—M%(F?( ( )
Changing variables to M,, gives

dlﬁA—»B l---n 2M%l FX—»lmn(Mn)

Ln e (M, . (B6

dMn A BX( ) e (M%—Mg()z—l—M%(F% ( )

Under the NWA and assuming weak M, dependence,
evaluating at M,, = My and using

/dM% MyTy .
T (M= M)+ MRy

(B7)

gives the factorized width

X —->1--n)
Iy
=T(A - BX)Br(X - 1---n),

I'(A— B,1---n) ~T(A > BX)

(B8)
and for the specific case,

['(Y(11020) — yp,xnx)

~T(Y(11020) = yp;0)Br(w — 3x). (B9)
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