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Fig. 1. The cross sections of the ete™ — B(IB™) in the center of mass energy region [10.55,11.03] GeV . The blue solid curves
are the theoretical results. The vertical red dashed lines are the BB, BB*, B*B* thresholds. The cross section of the

ete™ — B*B* process is the sum of that of the third and forth channels.
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HRASTEE 1AY 3 A SO A AR L #BA Br B, B
TEFE 1(a)rh, 43 BT B0 £ RERETE 10.58, 10.87
F111.03 GeV A AYIE(E. Hirf110.87 GeV AbAYIE(E 2
H Y (3D), Y(58) 3 [F 2N FH L. T iz
Bl 2 A0 25 [ RN, 0 BE & 7F 10.63 GeV Ab A9 4R
g H7E ete” — BB, ete” — BB* i R # A T A

F2 WEMBEW R, BYIRS TN

S R4, R4+, Ro__ ERIME (38 2 %) fiE

BRI AT A E A (5 3 9)

Table 2.

R_4+,R_4,R___ close to the physical one (the

Poles on the physical sheet R4 , those

second column), the dominant channel with the cor-

responding effective coupling (the third column).

R Wesi /GeV D.C.(g* / Mev—1/2)
Rit+  10.638 — 0.000i (B*B*)"=0 [0.52]
10.871 — 0.014i BB* [0.05]
11.024 — 0.009i (B*B*)*=2 [0.06]
R_i1+  10.876 — 0.016i (B*B*)*=2 [0.03]
11.024 — 0.008i (B*B*)*=2 [0.05]
R__4+  10.873 —0.021i (B*B*)s=2 [0.01]
11.018 — 0.008i (B*B*)*=C [0.00]
R___ 10.587 — 0.00i BB* [0.01]

10.635 — 0.033i (B*B*)*=2 [0.01]
(B*B*)*=C [0.00]

(B*B*)*=2 [0.01]

10.846 — 0.0901
10.871 — 0.020i
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Abstract

In the conventional quark model, meson is made of one quark and one antiquark, and baryon is made of
three quarks. Since the observation of the X(3872) in 2003 by Belle collaboration, numerous exotic candidates
beyond the conventional quark model have been observed. Most of them are located in heavy quarkonium
energy region. Several interpretations, e.g. compact multiquarks, hadronic molecules, hybrids, etc, are proposed
to understand their internal structures. Hadronic molecules are based on the fact that most of exotic candidates
have nearby thresholds, which makes them analogies of deuteron made of one proton and one neutron. Whether
two or more hadrons can be form a hadronic molecule or not depends on their interactions. In this work, we
study the P-wave BB interactions based on the ete™ — B®B®™ cross sections from Belle-II experiment to
study whether their interaction can form vector bottomonium-like states or not. As B*) and B(*) mesons have
bottom and antibottom quark, respectively, we work in the heavy quark limit, which respects both heavy quark
spin symmetry and heavy quark flavor symmetry. In this framework, we construct effective contact potentials
for J*=1"" P-wave B®B®™ interactions, by decomposing the B*B™ dynamic channels into heavy-light
basis. That, in the heavy quark limit, heavy and light degrees of freedoms are conserved individually makes the
contact potentials in a very simple form. After solving the corresponding Lippmann-Schwinger equation, one
can obtain the efe™ — B®B(™ scattering amplitudes. With these scattering amplitudes, we can deduce the
corresponding cross sections,which can be compared with the experimental data directly. By fitting to the data,
we find that the mass shifts of the considered bottomonia are small due to their small couplings to the B™*'B®™)
continuum channels. As the result, the T(4S), T(3D), Y(5S) and Y(6S) vector bottomonia express theirselves
as peaks at 10.58 GeV, 10.87 GeV, 11.03 GeV. The peak at 10.87 GeV is the interference between Y(3D) and
T(5S) . As there are only two data points around 10.63 GeV , we cannot obtain a very clear conclusion about the
peak around this energy point. To further explore its nature, both detailed scan around this energy region in

experiment and improved formula in theory are needed.
Keywords: heavy quarkonia, exotic mesons, heavy quark effective theory
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