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Vector hidden-bottom tetraquark candidate: Y(10750)
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Abstract: In this article, we take the scalar diquark and antidiquark operators as the basic constituents, and construct
the Cys® §, ®ysC type tetraquark current to study ¥(10750) with the QCD sum rules. The predicted mass
My =10.75+0.10GeV and width I'y = 33.60716.04MeV support the assignment of ¥(10750) as the diquark-anti-
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diquark type vector hidden-bottom tetraquark state, with a relative P-wave between the diquark and antidiquark con-

stituents.
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1 Introduction

Recently, the Belle collaboration observed a reson-
ance structure Y(10750) with the global significance of
6.70 in the e*e” —» Y(nS)n*x~ (n=1,2,3) cross-section
at energies from 10.52 to 11.02 GeV using the data collec-
ted with the Belle detector at the KEKB asymmetric en-
ergy e"e” collider [1]. The Breit-Wigner mass and width
are My =107527+£59*)TMeV and Ty=355"7%"3]
MeV, respectively. Y(10750) is observed in the processes
Y(10750) —» Y(nS)n*x~ (n=1, 2, 3), and its quantum num-
bers may be JP¢ = 1=, In the famous Godfrey-Isgur mod-
el, the nearby bottomonium states are Y(4S), T(5S) and
T(3D) with masses 10.635GeV, 10.878 GeV and
10.698 GeV, respectively [2], while in the QCD motiv-
ated relativistic quark model based on the quasipotential
approach (the screened potential model), the correspond-
ing masses are 10.586 GeV, 10.869 GeV and 10.704 GeV
(10.611 GeV, 10.831 GeV and 10.670 GeV [3]), respect-
ively [4]. Without introducing the mixing effects, the ex-
perimental mass My = 10752.7 5.9 *-7 MeV cannot be re-
produced if we assign Y(10750) as a conventional bot-
tomonium state [5].

Y(10750) may be a hidden-bottom tetraquark candid-
ate. In Refs. [6, 7], we took the scalar and axial-vector
diquark operators as the basic constituents, as they are the
favored quark configurations, introduced a relative P-
wave between the scalar (or axial-vector) diquark and
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scalar (or axial-vector) antidiquark operators explicitly to
construct the vector tetraquark current operators, and cal-
culated the masses and pole residues of the vector hidden-
charm tetraquark states using the QCD sum rules in a sys-
tematic way. We obtained the lowest masses of the vec-
tor hidden-charm tetraquark states up to now. Our predic-
tions support the assignment of the exotic states
Y(4220/4260), Y(4320/4360), Y(4390) and Z(4250) as the
vector tetraquarks with quantum numbers J©€=1"",
which originate from the relative P-wave between the
diquark and antidiquark constituents. On the other hand,
if we take the scalar (Cys-type), pseudoscalar (C-type),
vector (Cy,ys-type) and axial-vector (Cy,-type) diquark
operators as the basic constituents, and construct the vec-
tor tetraquark current operators with the quantum num-
bers JPC =17~ without introducing the relative P-wave
between the diquark and antidiquark constituents, we can
obtain the masses of the lowest vector tetraquark states,
which are about 4.34GeV or 4.59GeV [8]. These values
are larger or much larger than the measured mass of
Y(4220/4260) by the BESIII collaboration [9, 10], be-
cause the pseudoscalar and vector diquarks are not the
favored quark configurations [8]. In Ref. [11], we took
the scalar and axial-vector diquark (and antidiquark) op-
erators as the basic constituents to construct the current
operators, calculated the masses and pole residues of the
hidden-bottom tetraquark states with the quantum num-
bers JP€ =07*, 1++, 1+~ and 2++ systematically using the
QCD sum rules, and found that the masses of the hidden-
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bottom  tetraquark  ground states are  about
10.61 - 10.65GeV. Y(10750) may be a vector hidden-bot-
tom tetraquark state.

In the present work, we tentatively assign Y(10750) as
a diquark-antidiquark vector hidden-bottom tetraquark
state with the quantum numbers JPC€ =177, and construct
the Cys® 4, ®ysC type tetraquark current operator to cal-
culate its mass and pole residue using the QCD sum rules.
In the calculations, we take into account the vacuum con-
densates up to dimension 10 in the operator product ex-
pansion, as in our previous works. Furthermore, we study
the two-body strong decays of the vector hidden-bottom
tetraquark candidate Y(10750) with the three-point correl-
ation functions by carrying out the operator product ex-
pansion up to the vacuum condensates of dimension 5. In
the calculations, we take into account both the connected
and disconnected Feynman diagrams.

The paper is organized as follows. In Section 2, we
obtain the QCD sum rules for the mass and pole residue
of Y(10750). In Section 3, we obtain the QCD sum rules
for the hadronic coupling constants in the strong decays
of Y(10750), and then obtain the partial decay widths.
Section 4 gives a short conclusion.

2 The mass and pole residue of the vector tet-
raquark candidate Y(10750)

We first write the two-point correlation function
IL,,(p) in the QCD sum rules,

My (p) = i [ d*xel?*(OIT {J,(x)J{(0)}10), (1)

where J,,(x) = J; " (x), J{"(x) and I3 (x),
ijk nimn

& . o _
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where i, j, k, m, n are color indexes, the superscripts
(1,£1), (1,0), (0,0) denote the isospin indexes (/,13), and
3,1:79),1—(5,1. In the isospin limit, i.e. m, = my, the cur-
rent operator J,(x) couples to the diquark-antidiquark
type vector hidden-bottom tetraquark states which have
degenerate masses. In the present work, we choose
Ju(x) = JLO’O)(x) for simplicity.

The scattering amplitude for one-gluon exchange is
proportional to

(Aa) (ﬂa) 1(66 56)+1(66 +6u0k)» (3)
N Y = — 7 \0ijOki — 0i[Okj —~\9ijOkl ilOkj) »

2 ij 2 " 3 J J 6 J J
where

gmikgmjl = 61']'6](1 - 6i16kj ? (4)

and 2 is the Gell-Mann matrix. The negative (positive)
sign in front of the antisymmetric antitriplet 3, (symmet-
ric sextet 6,.) indicates that the interaction is attractive (re-
pulsive), which favors (disfavors) formation of diquarks
in the color antitriplet 3. (color sextet 6.). We prefer
diquark operators in the color antitriplet 3, to diquark op-
erators in the color sextet 6. to construct the tetraquark
current operators and interpolate the lowest tetraquark
states.

On the phenomenological side, we take into account
the non-vanishing current-hadron couplings with the
same quantum numbers, and separate the contribution of
the ground state vector hidden-bottom tetraquark state in
the correlation function II,,(p) [12-14], which is sup-
posed to be Y(10750),

/@/ PuPv
Hﬂy(p) = m(—guv-i- 7)-}- s (5)
where the pole residue Ay is defined by (01J,(0)|Y(p)) =
Ay &4, and g, is the polarization vector.

On the QCD side, we carry out the operator product

expansion up to the vacuum condensates of dimension 10

in a consistent way, and take into account the vacuum

condensates (7q), (29%), (38,0Gq), (Gq)% (GgX2Z),

(@9)(a8:0Gq), (G850Gg)* and (Gq)*(“2°). We then ob-
tain the QCD spectral density using the dispersion rela-
tion, take the quark-hadron duality below the continuum
threshold sy , and perform the Borel transform to obtain
the QCD sum rules:

5 M% %o N
Ay exp | .Emz dsp(s) exp(—ﬁ) . (6)

The explicit expression of the QCD spectral density p(s)
and the technical details for calculating the Feynman dia-
grams can be found in Refs. [6, 15].

We obtain the QCD sum rules for the mass of the vec-
tor hidden-bottom tetraquark candidate Y(10750) as the
ratio,

f dsip(s) exp(—7s)
4 dr

2
m;,

My = - (7)

f dsp(s)exp(-ts) 'T= %
4m;

We choose the conventional values (i.e. the popular
values) of the vacuum condensates (gq)=—(0.24+
0.01GeV)?, (gg,0Gq) =m3(gq), m3=(0.8+0.1)GeV?,
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a,GG

{ )y =(0.33GeV)* at the energy scale u=1GeV [12-

14,7Tl6], take the MS mass my(m;) = (4.18 £0.03)GeV lis-
ted in "The Review of Particle Physics" [17], and set the
u and d quark masses to zero. Furthermore, we take into
account the energy-scale dependence of the parameters
on the QCD side from the renormalization group equa-
tion [18, 19],

12

(@) w0 =(Gg)(1GeV) [M} Xy

H

ag(u)
2
B B a;(1GeV) [33-2n
(48:0Gq)(w) =(gg;0Gq)(1GeV) [—} .
as(u)
12
g 33-2n,
() =mb<mb)[ (“)] f,
as(my)
1 bilogsr b*(log? t—logt—1)+bob
as(y)z—l——l£+l(g g )oz’
bot b% t bgtz
(3
2 33-2n 153—19n;
1o M _ f _ f
where t—logﬁ, by = I 1=
285738 np+ 02
by = o ! and A=210MeV, 292MeV

and 332MeV] 2f07rr the flavors ny =5, 4 and 3, respectively
[17]. As we study the vector hidden-bottom tetraquark
state, it is better to choose the flavor ny =5 and then
evolve all input parameters to the ideal energy scale .

The Borel parameter 72 is a free parameter. The con-
tinuum threshold parameter sq is also a free parameter,
but we can borrow some ideas from the mass spectrum of
the conventional mesons and the established exotic
mesons to put additional constraints on sg so as to avoid
contamination from the excited and continuum states. In
the conventional QCD sum rules, there are two basic cri-
teria (i.e. "pole dominance on the hadron side" and "con-
vergence of the operator product expansion") that need to
be obeyed. In the QCD sum rules for the multiquark
states, we add two additional criteria, (i.e. "appearance of
the flat Borel platforms" and "satisfying the modified en-
ergy scale formula"), since in the QCD sum rules for the
conventional mesons and baryons we cannot obtain very
flat Borel platforms due to the lack of higher dimension-
al vacuum condensates to stabilize the QCD sum rules.
We search for the optimal values of the two parameters
that satisfy the four criteria by trial and error.

In Refs. [15, 20, 21], we studied the hidden-charm
and hidden-bottom tetraquark states (which consist of a
diquark-antidiquark pair in a relative S-wave) with the
QCD sum rules, and explored for the first time the en-
ergy scale dependence of the extracted masses and pole
residues.

In the heavy quark limit my — oo, the heavy quark O
serves as a static well potential and attracts the light
quark g to form a diquark in the color antitriplet 3., while

the heavy antiquark Q serves as another static well poten-
tial and attracts the light antiquark g to form an anti-
diquark in the color triplet 3.. The diquark and anti-
diquark then attract each other to form a compact tetra-
quark state.

The favored heavy diquark configurations are the
scalar and axial-vector diquark operators &/%q"/CysQ*
and &/*q"Cy,Q" in the color antitriplet 3. [22, 23]. If
there exists an additional P-wave between the light quark
and heavy quark, we get the pseudoscalar and vector
diquark operators 7 ¢TICysysQ* and £7*¢TICy,ysQ" in
the color antitriplet without introducing the additional P-
wave explicitly, as multiplying ys can change the parity,
and the P-wave effect is included in the underlined ys. On
the other hand, we can introduce the P-wave explicitly,
and obtain the vector and tensor diquark operators
ekqliCys §, QF and &% qTICy, 95 QF in the color anti-
triplet. . .

We take the C, Cys, Cyqs, CYa¥s, Cys do and Cy, g
type diquark and antidiquark operators (also the Coop and
Coapys type diquark operators, which have both compon-
ents J¥ = 1* and 1-) as the basic constituents to construct
the tetraquark current operators with JPC = 0+, 1++, 1+-,
17~ and 2** , and to interpolate the hidden-charm or hid-
den-bottom tetraquark states. The P-wave, if any, is
between the light quark and heavy quark (or between the
light antiquark and heavy antiquark), in other words the
P-wave lies inside the diquark or antidiquark, while the
diquark and antidiquark are in the relative S-wave [8, 11,
15, 20, 21]. In this case, we introduce the effective heavy
quark mass My and virtuality

V= /M

X/Y/z~ (2MQ)2

to characterize the tetraquark states, and suggest the en-

JM2 1yz ~ (2Mg)? for choos-
ing the optimal energy scales of the QCD spectral densit-
ies [15, 20, 21].

On the other hand, if there exists a relative P-wave
between the diquark and antidiquark constituents, we
have to consider its effect and modify the energy scale

formula,

ergy scale formula y=V =

= My, — Mg+ Pp)?, )

where Pg denotes the energy cost of the relative P-wave
[6, 7]. Y(10750) lies near T(4S) and Y(5S), and the en-
ergy gap between the masses of y;(4P) and Y(4S)
(xp1(5P) and Y(5S)) is about 0.14-0.15GeV
(0.12-0.14GeV) in the potential models [2, 3]. As we
study the vector hidden-bottom tetraquark state, there ex-
ists a relative P-wave between the bottom diquark and
bottom antidiquark constituents, and the relative P-wave
is estimated to cost about 0.12GeV. We can then modify
the energy scale formula to,
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u= \/Mf, — QM +0.12GeV)? = \/MZ; —(10.46GeV)?,

(10)
where we choose the updated value M, =5.17GeV [24].
The value Pg =0.12GeV is reasonable, as the QCD sum
rules indicate that the ground state hidden-bottom tetra-
quark mass is about 10.61 —10.65GeV [11]. The vector
hidden-bottom tetraquark mass is estimated to be
10.73-10.77GeV, which is in excellent agreement with
(or at least compatible with) the experimental value of
My =10752.7+5.9*""MeV obtained by the Belle collab-
oration [1].

In Ref. [11], we studied systematically the scalar, axi-
al-vector and tensor diquark-antidiquark type hidden-bot-
tom tetraquark states Z, (where the bottom diquark and
bottom antidiquark are in relative S-wave) with the QCD
sum rules, and chose the continuum threshold parameters
as +/so = Mz, +0.55+£0.10GeV, which works well and is
consistent with the assumption Mz — Mz, = My — My =
0.55 GeV [17]. Here, we assume My — My = My, — My =
0.55 GeV and choose the continuum threshold parameter
as /5o = My +0.55+£0.10GeV.

In the numerical calculations, we observe that the
continuum threshold parameter +/so = 11.3+0.1GeV, the
Borel parameter T2 =(6.3-7.3)GeV? and the energy
scale ¢ =2.5 GeV work well. The pole contribution from
the ground state tetraquark candidate Y(10750) is about
47%—-70%, and the pole dominance is satisfied. The pre-
dicted mass is about My =10.75GeV, which certainly
obeys the modified energy scale formula.

We also observe that the contributions of the vacuum
condensates (4q), (78,0Gq), (Gg)* and (Gq)(Gg;cGq) are
large, and their values change quickly with the variation
of the Borel parameter 72 in the region 72 < 6.3GeV?. As
the convergent behavior is bad, we have to choose
T? > 6.3GeV?>. In the Borel window, 7% = (6.3 -7.3)GeV?,
the contributions of the vacuum condensates (gq),
(Ggs0Gq), {Gq)* and {(Gq){Ggs;cGq) satisfy the hierarchy
D3 > |Ds| ~ Dg > |Dg|, where we use the symbol D, to de-
note the contribution of the vacuum condensate of dimen-

sion n. The contributions of the vacuum condensates
<asGG CZXGG

p— and (gg) -
fect the convergence behavior of the operator product ex-
pansion. The contribution of the vacuum condensates of
dimension 10 is 2% —6%. We thus draw the conclusion
that the operator product expansions converge well.

We can now obtain, Eq. (11), the numerical values of
the mass and pole residue of the tetraquark candidate
Y(10750) using the QCD sum rules in Egs. (6) - (7). Tak-
ing into account the uncertainties of the input parameters,
the predicted mass and pole residue as function of the
Borel parameter 72 are shown in Figs.1-2.

y are very small and cannot af-
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Fig. 1. (color online) The mass of the vector hidden-bottom
tetraquark candidate Y(10750) as function of the Borel para-
meter T2.
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Fig. 2. (color online) The pole residue of the vector hidden-

bottom tetraquark candidate Y(10750) as function of the
Borel parameter 77.

My =10.75+0.10GeV,,
Ay =(1.89+0.31)x 107 GeV®. (11)

It is obvious from Figs.1-2 that both the mass and
pole residue are on platforms in the Borel window. The
four criteria of the QCD sum rules for the vector tetra-
quark states are all satisfied [15, 20, 21], and we expect to
make reliable and reasonable predictions.

The numerical value My =10.75+0.10GeV from the
QCD sum rules is in excellent agreement with (or at least
compatible with) the experimental value of My =
10752.7+5.9%%7MeV obtained by the Belle collaboration
[1] (see Fig. 1), which favors the assignment of Y(10750)
as the diquark-antidiquark type vector hidden-bottom tet-
raquark state with a relative P-wave between the diquark
and antidiquark constituents. The relative P-wave
between the constituents hampers the rearrangement of
quarks and antiquarks in the color and Dirac spinor
spaces in order to form the quark-antiquark type meson
pairs, which can explain (or is compatible with) the

123102-4



Chinese Physics C Vol. 43, No. 12 (2019) 123102

small experimental value of the width I'y = 35.5*]7$*39
MeV [1].

In the charm sector, the calculations based on the
QCD sum rules favor the assignments of Y(4220/4260),
Y(4320/4360) and Y(4390) as the vector tetraquark states
with a relative P-wave between the scalar (or axial-vec-
tor) diquark and scalar (or axial-vector) antidiquark pair
[6, 7]. Furthermore, the QCD sum rules favor the assign-
ment of X*(3860) as the scalar-diquark-scalar-antidiquark
type scalar tetraquark state, where the diquark and anti-
diquark constituents are in the relative S-wave [25]. Ana-
logous arguments also hold in the bottom and charm sec-
tors, but unambiguous assignments require more experi-
mental data and more theoretical work.

In Fig. 3, we plot the predicted mass of the vector hid-
den-bottom tetraquark candidate Y(10750) as function of
the energy scale u for the central values of the input para-
meters. From the figure, we can see that the predicted
mass decreases monotonically and quickly with increas-
ing energy scale u. If we disregard the modified energy

scale formula u= \/M}zf

which energy scale should be chosen. If we choose the
typical energy scale u=2GeV, which results in a pole
contribution of 47% —70% and the D;y contribution of
2% —6%, we have to increase the continuum threshold
parameter to a much larger value /so = 11.75+0.10GeV
to obtain the Borel window 72 = (6.6 - 7.6)GeV? , and the
central values of the predicted mass and pole residue are
My =11.20GeV and Ay =2.13x 107 GeV®. The predicted
mass My = 11.20GeV is much larger than the experiment-
al value of My =10752.7+5.9*)MeV obtained by the
Belle collaboration [1]. The modified energy scale for-
mula can enhance the pole contribution and improve the
convergence behavior of the operator product expansion.
On the other hand, if we choose the typical energy scale

/y/z_(ZMQ+PE)2, it is not clear

12.6 T T L T I I I T T
123 ¢ - - - Expt data
12.0 -
1.7
—_ I
> 114
()] L
O 1.1
=108
10.5
10.2
99 | -
9.6 T T P S S R
15 20 25 30 35 40 45 50

w(GeV)

Fig. 3. (color online) The predicted mass of the vector hid-
den-bottom tetraquark candidate Y(10750) as function of the
energy scale u for the central values of the input parameters.

u=3GeV, the calculations lead to a mass of about
10.42GeV, which is smaller than the S-wave hidden-bot-
tom tetraquark masses 10.61 —10.65GeV [11], and hence
should be rejected.

3 The decay width of the vector tetraquark
candidate Y(10750)

We now turn to the study of the partial decay widths
of Y(10750) as a vector hidden-bottom tetraquark candid-
ate with the three-point QCD sum rules, and write down
the three-point correlation functions,

L) = [ dadye e OITIa(0.750) 00
Mg, (p.q) =i* f d*xd*ye P O OIT{ T o ()T} ;0)IO)]10),
ML, p.0) =2 [ @ty O 7 0T 00
1L, (p.q) =i* f d*xdtye e OIT Ty, (20 )5 O] 10),
I, = [ oty O (07,00 OO0,

1E,(p.) =2 [ @42ty €O ()0 ), O)0).
(12)
where
Jp(x) =b(x)iysu(x),
T o(X) =B(X)yau(x),
I, (x) =b(x)iysb(x),
AY)Yuu(y) +d(3)y,d()
5 :
(%) =B(x)yb(x),
a()u(y) +dy)d(y)
5 :
1,(0) =1"2(0). (13)

On the phenomenological side, we insert a complete
set of intermediate hadronic states with the same quantum
numbers as the current operators into the three-point cor-
relation functions, and isolate the ground state contribu-
tions [12- 14],

f3m Ay Gyps
I,(p.q) =52
m 72— 022 — 2 (2 — 12
b (P2 =mi) (P2 =) (= m3)
, PP}
xz(p—q)"(—gm+ I;’,ZV)+---

=I(p"%, p2.q%) (=ipy) + -+, (14)

Ja),/x()’) =

J5(y) =
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fam3 AyGypp
P =m) (0 = miy ) (4 = m)

M, (p.q) = ( (=Dp-q)

=1(p", p*.4°) (igappv) + -+
15)

fem%  fgmp dy Gypp Eappop" D"
My (p2 =) (p? = miy ) (a2 = m3)

. B Pﬂpﬁ)( P'VP'J)
Xt|—g. + -8 T+ . +---
( o top?
=H(P’2,P2,q2) (_ig/lvaﬁpaqg) +-e, (16)

fm.m%,, fwmw /lY GYn,u)SaﬁpO'qap’p
2 () =) )

X (— 1)( gﬂﬁ+qﬂqﬁ)( g, +P;[/72'”)+ ..

=(p", P, 4" (~i€uapp"d’) + - (17

1
I, (p.q) =

H;ztv(p’ q) =

frmy frmg Ay Gyyy,

(P2 =m)(p? =) (4 = m3)
xi(—gﬂa+%)(—gy +pi,);,72’“)+ ..

=11(p", P, ") (igwr) ++ -+ (18)

3
H#V(P,C]) =

(p.q) = Srmey fume, Ay Gyyo
G -

. PP, PaP,
X (=) (p— Q)(r (_gvo‘ + ﬁ)(_gap + :zp)

qpq" )

st

=I1(p"%, p*.¢%) (igaﬁpv) oen,
19
where we use the definitions for the decay constants and
hadronic coupling constants,

2 4
fgmy  AyGypsp

Y

1 59 59
——— | ds | duf1-
512n4fm; sfm; ”(

u

2
OW OB =125
my,

Op 4 (OB (p)) =fpmp&. ,

2
(01, 0)ns(p)) _ ;’m’"’ ,
mp

O uO)Y(p)) =frmréy ,
<0|Jw,;1(0)|w(p)> =fwmw§:fa
O, O fo(p)) =fp,my;,» (20)

(BD)B@IX(p)) == (p—q)"&L Gy,
(B (DB (@IX(p") =(p—q)*éaés "€° P Gypp.,
(B (DB@IX(p")) ==& poéy *p&5 Gyp
M(P)W(@IX(P")) =7 quly* prél Gyne»
(P fo(@)IX(p) =—EFEL Gyry, s
CPYAPIX(P)) =(p = )" Exéy £ Gy, 1)

&F, &7, &2 and &) are the polarization vectors of the con-
ventional mesons and the tetraquark candidate Y(10750),
respectively, and Gygg, Gysg, Gyss, Gyyw Gyry, and
Gy, are the hadronic coupling constants. In the calcula-
tions, we observed that the hadronic coupling constant
Gyy, 1s zero at the leading order approximation, and so
we neglect the process Y(10750) — Y w — Y7~ n°.

The lowest scalar nonet mesons {fy/0(500),ay(980),
k0(800), f0(980)} are usually assigned as the tetraquark
states, and the higher scalar nonet mesons
{/0(1370),a0(1450), K;;(1430), fo(1500)} as the convention-
al 3Py quark-antiquark states [26-28]. Here, we assume
Jfo=/o(1370) with the symbolic quark structure

7(1370) = uu+dd.

Considering the components II(p'2, p?,4%) of the cor-
relation functions in Egs. (14)-(19), we carry out the op-
erator product expansion up to the vacuum condensates
of dimension 5. We then calculate the connected and dis-
connected Feynman diagrams taking into account the per-
turbative terms, quark condensate and mixed condensate,
and neglect the tiny contributions of the gluon condens-
ate. We obtain the QCD spectral densities from the dis-
persion relation, where we match the hadron side with the
QCD side of the components TI(p?, p*,4%), and perform
the double Borel transform with respect to P> = —p? and
Q? = —¢? setting p’> = p? in the hidden-bottom channels
and p’? =4p? in the open-bottom channels. The QCD
sum rules for the hadronic coupling constants are then,

2 ~> 2 2 2
My my]] ( mB) my My

————— |exp|—= [-exp| —— ||exp| —— |+ (Cy's- + Cyp)exp| —— — —

mi 4(m2—m23)[ ( Tf) ( le T% le T22

m2\ m2\’ m>2 s u
b b b (72 2 2
T] (1——) T(3S —5su—14smb+4umb)exp(—ﬁ—ﬁ]

1 2
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_ 0 272 2 — 0 2 4 2

S m m S m 4m m

_m{49) dul1-=2 (u+11mi)exp _b_ " +M ds|1— =21 [3s—19m2 + —2 |exp S
19272 J,e u T} T3 19272 J,e s s

0 2
_mGgoGy) (o (0 MY (L wr20m) m _Mf auf 1=
o8 Jy U 7 )0 ) ey U

u+11m? m2 Go.0G 5 m2 ) 4m?> 3s—m? m2
X(g__zb)exp[__h_i)_WI ds(l__b] (1__h](1+ h)exp(_i__h)
2T T? T2 76872 Jue s s T? T} T3

1 2 1 2
m(Gg,0Gqy [ m\ (O Amd 4m? m?
_ 8.7 ds|1-=2 1———— 18mh 33+m,27 1-—2% exp L)
384T Ju s s 273 s T} T;
0 2
mpagscGa) [ my Tu+ Lmy my, _u
_ M8 TTG) T gy - =2 | | —94 ———2 |exp[-—L - £
76872 o u T12 T12 T22
Gg,0G 55 m2\ (4m? 1 4m? m?
_mukass oGy (g fy T b1 | 24m} 35+ | 1= —2 |m} | bexp| -5 — L
76812 - s 2 s T? T3
Go.0G 5 m? 4m? m2 Go.0G 5 m2 sm2 2m?t m2
BT AT VA PO | P 7y RN S S C/7 A Y | ) PO L7
256n2 - u u T3 T3 12872 . s s 52 T3 T3

_myGoGy) (4 (1 3mp 8mp 2y (s om
25672 > ’

————|exp| —— | —exp|——> ||exp| ——5 |+ Cy'B++y'B- €Xp| —— |exp| ——-
a(m3, - m?) T2 T2 )) T2 " T2 T2

2\
m s u
1536n4f dsf d”(l__) [ __b Tb(Zmb+46smb 8um? —9s* +5su)exp(—ﬁ_ﬁ)

. m2 2 _ 50 242 4 2

mp(gq) b myu ) ompqq) [ my ) 2m, sm

+ 1927_(2 fr;i du(l—;) (u—13mb)exp(—T—12—T—22 + 1927_(2 . ds I—T 3s—17mb+T exp —F—F
0 2 - 0

Ggs G 50, m2 7u_55m2 m2 m3 SO'G S5, m2

T du(l__b) (45+——b exp 2 2 +—b<qg 0 dul1--2

n u m; u

11527 T? T? T3)  384n°T;
—u+ 13m? m2 Go.0G S m2 ) 4m?> 3s—m? m?
[0+ T ) o[ M 1 _WI asl1-"2 ) (1= . bexpl -5 T
277 T? T2 576n2 - s s T? T3 T3
_ 0 2
m}GgscGqy (% m, Am; s m
- ds|1-—| [l -—|exp| = - =
34272 J s s T
m{gg,ocGq) (S m2\* 2my} 4m? m?
# DRIETD [ g 1= 22 ) =35 16m2 + 2 1= 22 |2 exp| - - 22
76872T  J: s s s L
Gg,0G S m? 35m2  16m} m2
+nu,(qgrf q) asl1= 2[4z 2 2O p_i__b
76872 e s s 52 T? T2
_ 0 2 2 2
mp(qgsoGq) [ aul12"2\[s— 32m exp M, ou
76872 J,e u T T
mgoGy (b om 20my 10w (s mp
230472 - s 52 $3 T? T3 ’
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I3 fsmpmyAyGyp g
2 2 )

4my, (mY —ny,
9.
ds
" m;

T 2564

_ a9
9672
2.2

3m? m
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Gg,0G
N (Ggs0Gq)

288712T]2 u

1+ b)ﬁdu(
x(s_mg)exp(_i_

4T12
2
@)+
2 2
Tl T2

S5
ds(l -—
m;
fm fwm;zy, mw/lYGYn, w m]27b
exp|——
2 2 ) T}

2mb(mY—m,,h
dsf du\fl——uexp

(98s0Gq)
384n2

(Ggs0Gq)
384x2

- 64 \/_7'(4 4m} T2
<qgs<TGq>

72 \/§7T2 T2 4m,

SefrmympdyGyyy,

2_ 2
my —m:y

<qg«qu>
48 \/Enz

2

Y

m .
2 =2 the unknown functions Cyp +Cyp,

Y
Cys-+vB- Cyp-+yp, Cyyayw and Cyyiyy, parametrize
the transitions between the ground states (B, B*, Y, n», w,
f0(1370)) and the excited states y’. The definitions of the
unknown functions and the technical details of the calcu-
lations can be found in Refs. [29-32].

The input parameters for the hadron side are chosen
as my = 9.4603GeV, m,, = 9.3987GeV, m,, = 0.78265GeV,
mp- =5.27925GeV, mp.-- = 5.3247GeV, my. = 0.13957GeV,

\E =5.8GeV, 5% =5.8GeV, @ =9.9GeV,

59 =9.9GeV [17], Vs =1.3GeV, f,=215MeV [33],
,/s% =1.8GeV (This work),

where m

mg = 1.35G6V,fﬁ} = 546M6V,

fs =194MeV, fz =213MeV [34, 35], fr = 649MeV [36],
f,, = 667MeV [37].

We set the Borel parameters to 77=T7=T>

s m2 2 2
dull-— -m? -— -
. u( ., ) (u mb)exp( 2T 72

2
_r

?} )

‘Y‘OT S?o 4m2
L - dsf du\/l——bu(u+2s—8mz>exp(——2—
]28\/_71'4 4m? s 1
\/l—— s+2mb exp ——]
4m;

b) (u_mg)exp[_

Sy
du(]
m%, m
—exp|—— ||exp| ——
P T? P T2

2

/ S
1—— s 4m ex

m ]( 2ml2))
-—||-1+—|exp
u

2

2

B mpg
X -

T ) p( T2

m
21+ Cyposyp exp|——5
i

|

SEa

2
ny,

T2
T;

2
—_—k

2
me

N

N

T2
Uh

2
Y (52 exp
: ) (s—m2)exp
mi(‘?gs(TGQ) S ds
384m2T2  Jue

(-4

|

2 )
+
2
1 T2

2
b

—) ; 24

2

2 2

3

w
) +CypryweXp (—

2
Sf;h 4m2
f dswl——b( -
4m; s
\’1——exp -——
4m?
2

(qq)
2422

)— —J

_ (9850Gq)
96V2r?

exp [—

(25)

2

", C my

— |+ Cyriy,exp| —— |exp| —
72 Y’ r+Y f, €Xp le p

2
u)
2
T2

T2

(26)

[

for simplicity of the QCD sum rules for the hadronic

coupling constants Gygp, Gypp, Gyspp and Gyye.

In the QCD sum rules for the hadronic coupling constant

Gy, the contribution of the u channel can be factorized

out explicitly, and we take the local limit, i.e. T22 — 00

and T? = T2. The unknown parameters are chosen as

Cyp +Cyp =0.0441 GeV®, Cy -1y p- =0.0454 GeV®
Cyp-+yp =0.00145GeV’, Cyy, 1y = 0.0000125 GeV’

=0.00238 GeV”

to obtain platforms in the Borel windows, shown in
Table 1. In Fig. 4, we plot the hadronic coupling con-
stants G as function of the Borel parameter 72 in the
Borel  windows. The  Borel windows  are
T2~ T2, =1.0GeV? for the hidden-bottom decays, and

max
T2 Tﬁnn =0.8GeV? for the open-bottom decays, where

ITlaX
2
T2, and T2,

and Cy-riyy,

. denote the maximum and minimum of the
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Table 1. The Borel windows, hadronic coupling constants and partial decay widths of Y(10750) as the vector hidden-bottom tetraquark state.

T?/GeV? G I/MeV
Y(10750) — B* B~ 5.1-59 370713 6.6115:39
Y(10750) - B** B*~ 55-6.3 3.89* 43 8.79323
Y(10750) —» B**B~ 4.0-4.8 ~0.01GeV™! ~0.02
Y(10750) - npw 26-3.6 0.30*929GeV~! 264418
Y(10750) - 1 fp(1370) — Cx* 7~ 25-35 1324540 GeV 0.08*038
Y(10750) - Tw ~0 ~0
10 — 7T T 1 T T T T T T T T T T 10 -~ T ]
of A Central value| or B Central value | 7]
sl — — —Error bounds | - 8 - — - Error bounds | -
7 L J 7+ ]
6 L u 6r ]
Osf--------- - - - - - - d O sp '
4t i 4 =
3 L i 3+ ]
P S ] P2 ]
1 L i 1F ]
0 T T T N T SR 0 T S S Y B P R
51 52 53 54 55 56 57 58 59 55 56 57 58 59 60 61 62 63
TXGeV?) T*(GeV?)
0.030 ————————T—————T———— 10
0.027 - C 7 09 D Central value | ]
0.024 | - 0.8 — — - Error bounds |
o021 [ ] o7l ]
S 0018 1 Sosl ]
B oots - 1 QoS e y
@ 0012 F E O 04f p
0.009 | ] 03f ]
0.006 | ] o2L o ______-_-_--]
0.003 | ] 01l ]
oooo bl v v v vy ool v v v v s ]
40 41 42 43 44 45 46 47 48 26 27 28 29 30 31 32 33 34 35 36
T GeV?) TXGeV?)
50 T
45 £ Central value | ]
4.0 - — — - Error bounds | -
35| ]
Ssof -
Sask___ ]
®20F T TTTTTTTmooo- E
150 ]
wfboo .
7 ]
0.0 TR [N TR (NN TN (NN TN (NN TR (NN SR NN SN ST SN NN S '
25 26 27 28 29 30 31 32 33 34 35
TXGeV?)

Fig. 4. (color online) The hadronic coupling constants as function of the Borel parameter 72. 4, B, C, D and E denote the hadronic
coupling constants Gygg, Gyp s+, Gyp B, Gyy,e and Gyry, respectively.

Borel parameter. We choose the same intervals Z.(4600), Y(4660), etc.
T2 — T2, inall QCD sum rules for the hadronic coup- We take into account the uncertainties of the input
ling constants in the two-body strong decays [29-32], parameters, and obtain the hadronic coupling constants,
which works well for the decays of Z.(3900), X(4140), as shown in Table 1 and Fig. 4. Due to the tiny value of
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the hadronic coupling constant Gygp., we neglect its un-
certainty. The partial decay widths of the two-body strong
decays Y(10750) —» B*B~, B**B*~, B** B~ and nw are cal-
culated with the formula,

(my,mpg,mc)
%IT% 7)

Y
Vla? = (b+0)]la? = (b= )]

C(Y(10750) — BC) =

,and T is

the scattering amplitude deﬁne(ziain Eq. (21). The numer-
ical values of the partial decay widths are shown in Table
1.

We assume that the three-body decay Y(10750) —
T fo(1370) —» Tn*n~ takes place through an intermediate
virtual state f5(1370), and calculate the partial decay
width,

where p(a,b,c) =

(my—my )

[(Y - Yntn)= ds|T|?

2
4m?

X p(mY’mT’ \/E)p( ﬁ7mﬂ’mﬂ)
19273 m?2 /s

=0.08" 000 MeV, (28)

where
(M3 = 5)* +2(5M3 — s)M2 + M3,
2 42
AMIM
1
X GZ 2 ,
TR (s —m2 24 T2 (5) 17"

2
m 2
£ s —4mg
r =T, (m2)—2 f— ,
f"(s) f"(mfo) s ’,ﬂ} _4"172_r

GZ
fo
an(m]z%) = 1671177:; A [mf,u —4m?2, (29)

l"ﬁ,(mi.)) =200MeV [17]. The hadronic coupling constant
G 1s defined by (n*(p)n~ (I fo(p")) = iG fqr. If we take
the largest width l"fo(mj%o) =500MeV [17], we can obtain a
slightly larger partial decay width T'(Y - Yrn*n") =
0.11927MeV.

-0.08
It is now easy to obtain the total decay width,

Ty =r(Y(10750) —B*B,B'B°, B**B*", BB,

T =

BB, BB, BB, B°B", pyw, Yn*r")
=33.607355 MeV, (30)

where we assume the isospin limit for the B and B*

mesons. The predicted width 'y =33.60*65*MeV is in

excellent agreement with the experimental value of

35.5*79+39 MeV obtained by the Belle collaboration [1],

which also supports the assignment of Y(10750) as the
diquark-antidiquark type vector hidden-bottom tetra-
quark state.

In Ref. [5], Li et al. assigned Y(10750) and T (10860)
as the 5°S | —43D, mixed state, where the dominant com-
ponents of Y(10750) and Y(10860) are the conventional
bottomonium sates 4°D; and 5°S |, respectively. The de-
cay mode 4°D; — B*B* is the dominant mode, the decay
mode 4°D; — BB* is sizable, while the decay mode
4°D| — BB is nearly forbidden. In the present work, we
assign Y(10750) as the vector hidden-bottom tetraquark
state with dominant decay modes Y(10750) —» BB and
B*B*, while the partial decay widths for the decay
Y(10750) — BB* are tiny. Y(10750) could be searched for
in the processes Y(10750) —» B*B~, BB, B**B*~, B*0B*9,
B**B~, B*B*, BB, BB, nyw, Yntn~ to reveal its
nature.

4 Conclusion

In this article, we have taken the scalar diquark and
scalar antidiquark operators as the basic constituents, and
constructed the Cys® 9, ®ysC type tetraquark current by
introducing an explicit P-wave between the diquark and
antidiquark constituents in order to study Y(10750) as a
vector tetraquark state using the QCD sum rules. We car-
ried out the operator product expansion up to the vacuum
condensates of dimension 10 in a consistent way, and
used the modified energy scale formula to choose the best
energy scale of the QCD spectral density so as to extract
a reasonable mass and pole residue. The predicted mass
My =10.75+0.10 GeV is in excellent agreement with (or
at least compatible with) the experimental value of
My =10752.7+5.9*"7 MeV obtained by the Belle collab-
oration. Furthermore, we studied the hadronic coupling
constants in the two-body strong decays of Y(10750) with
the three-point correlation functions by carrying out the
operator product expansion up to the vacuum condens-
ates of dimension 5. We took into account both the con-
nected and disconnected Feynman diagrams, obtained the
QCD sum rules for the hadronic coupling constants, and
obtained the partial decay widths and the total width. The
predicted width T'y =33.60*)%%*MeV is in excellent
agreement with the experimental value of 35.5%]75*3%
MeV obtained by the Belle collaboration. The present
calculations favor the assignment of Y(10750) as the
diquark-antidiquark type vector hidden-bottom tetra-
quark state with JP¢€ =177, with a relative P-wave
between the diquark and antidiquark constituents.
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