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ARTICLE INFO ABSTRACT

Editor: A. Ringwald The mass and width of the tensor tetraquark T = bbcc with spin-parity J® = 2* are calculated in the context of the

QCD sum rule method. The tetraquark T is modeled as a diquark-antidiquark state built of components bTCy“b
and cy, e’ with € being the charge conjugation matrix. The mass m = (12.795 + 0.095) GeV of the exotic tensor
meson 7T is found by means of the two-point sum rule approach. Its full width I" is evaluated by considering
processes T'— B_ B, B B:~, and B}~ B;~. Partial widths of these decays are computed by means of the three-
point sum rule approach which is used to determine the strong couplings at relevant tetraquark-meson-meson
vertices. Predictions obtained for the width I' = 55.53;%6 MeV, as well as the mass of the tetraquark T can be
useful in investigations of fully heavy four-quark mesons.

1. Introduction

Fully heavy exotic mesons containing four b and/or ¢ quarks re-
cently became objects of intensive studies. This interest is triggered by
impressive experimental achievements of a last few years when differ-
ent experimental groups reported about observation of such structures.
Thus, the LHCb, ATLAS, and CMS Collaborations discovered four new
X resonances presumably composed of four ¢ (¢) quarks in the mass
range 6.2 — 7.3 GeV [1-3]. They were seen in the mass distributions
of J/wJ /yw and J /wy' mesons and provided valuable information to
understand internal organizations of multiquark systems.

Experimental data are also crucial to test different models and
schemes suggested to compute parameters and explain features of
these resonances. Theoretical models treat X states mainly as diquark-
antidiquark or hadronic molecule-type compounds [4-14]. In the con-
text of an alternative point of view one considers them as coupled-
channel effects, which manifest themselves in a form of known reso-
nances [15,16].

The X structures were also modeled and studied in a rather detailed
form in our publications [17-20]. In these papers we computed not
only their masses but estimated also full widths of these tetraquarks.
Some of the X resonances were interpreted as ground-level or excited
diquark-antidiquark states, whereas for others preferable models are ad-

mixtures of diquark-antidiquark and molecule-type structures. It should
be noted that theoretical investigations of fully heavy tetraquarks cover
a considerably wide time span. Here, we have mentioned publications
in which authors analyzed LHCb-ATLAS-CMS data: Relatively complete
list of previous articles can be found in Ref. [17].

The exotic mesons bbcc form a new cluster of all-heavy four-quark
mesons. Some of such four-quark mesons may have a mass below rele-
vant B, Bi*) thresholds and be a strong-interaction stable particle, there-
fore attracts an interest of researchers. The reason is that, the quark
content bbcc forbid their strong decays through bb or ¢t annihilations
which makes them promising candidates to stable tetraquarks. This fea-
ture distinguishes bbcc and bbbb (or cccc) tetraquarks because latter
are unstable even residing below two-particle bottomonia (or charmo-
nia) limits [7,8,21].

During last years the structures bbcc were investigated using nu-
merous methods [22-29]. As a rule, the masses of these tetraquarks
were fixed above corresponding two-meson thresholds. But in accor-
dance with Ref. [27], scalar, axial-vector and tensor tetraquarks cchb
with special internal organizations are stable against strong decays.
Consequently, they can transform to ordinary particles only through
electroweak decays.

In our articles [30,31], we explored the scalar and axial-vector
tetraquarks bbcc by means of the sum rule approach. The scalar exotic
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meson X; composed of an axial-vector diquark and antidiquark, and X,
built of pseudoscalar diquarks were studied in Ref. [30]. The masses of
these particles are equal to (12715 + 80) MeV and (13370 + 95) MeV
which exceed kinematical limits for production of B_ B, mesons. We
evaluated the full widths Ty, of the tetraquarks X; and X, by study-
ing their decay modes X; — B_ B and B;”B;~, and X, — B_ B_,
B7 B (25), and B~ B;~, respectively. Results obtained for I') = (63 +
12) MeV and I'; = (79 + 14) MeV confirm that they are tetraquarks with
relatively modest widths. The quantitatively similar predictions were
found in Ref. [31] for axial-vector states 7} and T,: Full widths of these
particles amount to (44.3 + 8.8) MeV and (82.5 + 13.7) MeV, respec-
tively. It turned out, that all tetraquarks analyzed in these two papers
are strong-interaction unstable structures.

In present work, we study the exotic tensor meson 7T = bbcc with
quantum numbers JP = 2*. We model T as a tetraquark made of di-
quarks bTCy”b and EyvCET with color triplet 3, ® 3, structure, where
C is the charge conjugation matrix. The mass m and current coupling
A of this tetraquark are evaluated in the context of the QCD sum rule
(SR) method [32,33]. To find width of T', we employ the three-point SR
approach which is required to calculate strong couplings of T and fi-
nal state-mesons B_ B, and B_ B)~: Thresholds for production of these
meson pairs are below the mass of the tetraquark 7.

We present our results in the six sections: In Sec. 2, we compute the
mass and current coupling of T using the two-point sum rule approach.
In this section, we compare our predictions with results available in the
literature. Because, the tetraquark T can dissociate to B, B_, B, B~
and B}~ B}~ mesons, we explore the decay T — B_ B in Sec. 3. The sec-
ond channel T — B B~ is analyzed in Sec. 4. The section 5 is devoted
to investigation of the process T — B~ B;~. Here, using predictions for
the partial widths of aforementioned decays, we also estimate the full
width of the tensor tetraquark 7. The last section is reserved for our
final notes.

2. Mass and current coupling of the tensor tetraquark bbcc

As it has been noted above, we model the tensor tetraquark 7" =
bbec in the diquark-antidiquark picture as a state made of axial-vector
diquarks. The relevant interpolating current necessary for our analysis
in the SR framework is determined by the formula

() = DL (0)Cy, by ()1[E, (), CTn (D). )

The mass m and current coupling A of this state can be extracted
from the two-point SRs. To derive the required sum rules, we start from
the correlation function

Huvaﬂ(p) =i/d4xe[px<0|7{Juv(x)-];ﬁ(o)}|0>a (2)

where the symbol 7 indicates the time-ordering of two J,,(x) and
J;'ﬁ(O) currents’ product.

In accordance with paradigm of the sum rule method, the corre-
lation function I1,,,4(p) has to be expressed using both the physical
parameters of the tetraquark 7 and quark-gluon degrees of freedom.
The correlator HPhis (p) in terms of the tetraquark’s mass and current

coupling has the ?(V)l owing form

— (01, IT(. T (. )|, 10)

uvap Fr

+ -, (€))

m? — p?

which is derived by inserting into Eq. (2) a full set of states with the
quark content and quantum numbers of the tetraquark 7', and inte-
grating obtained expression over x. The term presented in Eq. (3) is
a contribution to Hil:ya Sﬂ(p) arising from the ground-level state: Contri-
butions of higher resonances and continuum states are shown by the
dots.
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It is useful to rewrite Hzlzfﬂ(p) by employing the mass and current
coupling of the tetraquark 7. To this end, we employ the following ma-
trix element

(014, IT(p.)) = AeG)(p), @

where A is the coupling of the current J, u o the state T', and egfv) (p) is

the polarization tensor of the tetraquark 7T'.
Then, the expression for Hztisﬂ(p) can be recast into a simple form

()

l_IPhys( )_ A2 guagvﬂ +§yﬂ§va _ gN,,VgNap i
wap P = 5 7 3

where the ellipses stand for contributions of spin-0 and -1 particles. To
obtain Eq. (5) we have used the formula

A A 1~ ~ ~ ~ 1~ ~
ZELV)(P)E:; )(17) = E(g;,mgvﬂ +g,4ﬂgvn) - Egyvgaﬂa (6)
A
with
~ pup
T =—8u + ;Zv. %)

The correlator HPI:);S (p) contains numerous Lorentz structures. In Eq. (5)
the component évﬁgw + 8,,58.q) TECEIVES a contribution from only the
spin-2 particle, whereas terms proportional to g,,,p,ps/ p* and similar
ones also contain contributions of spin-0 and -1 states. Therefore, in
our analysis we use the structure (g,,8,4 + 8,38.,) and corresponding
invariant amplitude TTPhY$(p?).

To get QCD side of the sum rules, it is necessary to find the correla-
tion function I1,,,,,4(p) using the quark propagators and compute it with
some accuracy in the operator product expansion (OPE). In the present
paper, we calculate the correlation function by taking into account a
nonperturbative term proportional to the gluon condensate {a,G?/x).
For these purposes, we substitute the current J, ,w(X) into Eq. (2), con-
tract corresponding quark fields and express obtained formula using the
quark propagators. As result, we find

o (p) =i / d4xe’”X{Tr [yvgf’b(—x)yaS:’”(—x)]

X [T [15S5 Coms2¥ )]

=T (1,80 G, S5 ]| + T [,

X1 ST =0 [Tr 7507 o, S ()]

=T 1,82 Com, S )| }- ®

Here, S(x) are b and ¢ quark propagators which can be found in
Ref. [34]. In Eq. (8), we have also utilized the shorthand notation

She)(x) = C S (x)C. ©)]

In SR analysis, we are going to employ the amplitude IT°PE(p?) which
corresponds in H‘:f{ fﬂ(p) to the structure (g,,8,5 + £,58,4)- By this way,
we avoid contaminations from the spin-0 and 1 particles, because this
structure appears only in spin-2 term and can be extracted directly from
TIOPE (),

The sum rules for m and A are derived by equating two amplitudes
IT°Y$(p?) and MOPE(p?) and carrying out prescriptions of the sum rule
analysis. In other words, we apply the Borel transformation to both sides
of obtained equality and perform the continuum subtraction. Then SRs
for the mass and current coupling read

» T(M2,50)

= , 10
(M2, s,) a0

and

A2 =™ IMPTI(M2, ), an
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Fig. 1. The pole contribution PC vs the Borel parameter M? at fixed s,. The
mass m of the tetraquark 7 has been evaluated at a position fixed by the red
triangle.

where TI(M2, 5q) is the amplitude TTOPE(p2) after the Borel transforma-
tion and continuum subtraction. Here, M? and s, are the Borel and
continuum subtraction parameters, respectively: They appear in SRs due
to performed manipulations. In Eq. (10) the function IT' (M2, s,) is equal
to dTI(M?,sq)/d(=1/M?).

In numerical analysis, for the masses of the quarks, we use m,(u =

my) =4.18*003 GeV and m,(u = m,) = (1.27 £ 0.02) GeV, which corre-

spond to the running masses in the MS scheme at the scales u=m, and
u = my, [35], respectively. For the gluon vacuum condensate, we employ
(a,G?/x) = (0.012 £ 0.004) GeV* [32,33].

Auxiliary quantities M? and s, are chosen inside of the regions

M? € [12,14] GeV?, s, €[185,190] GeV>. 12)

These working windows satisfy constraints of the sum rule computa-
tions. Thus, at M2 = 14 GeV? and M? = 12 GeV? on the average in s
the pole contribution (PC)

_ TI(M?, 5)
T (M2, 0)°
is PC ~ 0.55 and PC ~ 0.7, respectively (Fig. 1). At M2 = 12 GeV? the
nonperturbative term is positive and forms less than 1% of II(M 2 50)-

The quantities m and A are estimated as mean values of these pa-
rameters over the regions Eq. (12)

pPC 13

m=(12.795 £ 0.090 + 0.025 £ 0.018) GeV,

— 5 51+0.28+0.0640.03 (3,5
A=2.5170 2% 0 10-004 GEV"- as

The predictions for m and A are effectively equal to SR results at M? =
12.9 GeV? and s, = 187.5 GeV?. At this point the pole contribution
is equal to 0.63, which ensures the dominance of PC and demonstrates
ground-level nature of 7. The first and most important errors in Eq. (14)
are generated by the choice of the parameters M? and s, the second and
third ambiguities are connected with variations of the quark masses m,,
and m,, respectively. The corrections < [0.001] GeV due to uncertain-
ties in the gluon condensate are negligible and can be safely neglected.
Another sources of potential errors are ones due to scale dependence of
the parameters used in numerical computations. But the gluon conden-
sate (@,G?/x) is the u-scale independent parameter, whereas rescaling
in my(u) and m,(u) can be treated as their uncertainties which have,
as is seen from Eq. (14), relatively small effects on extracted quantities.
Therefore, for m; and m, throughout this work we use the MS scheme
results at fixed scales. The mass m of the tetraquark T as function of the
parameters M2 and s is depicted in Fig. 2.

The mass of the four-quark tensor structures bbcc/ccbb was calcu-
lated in the context of various methods. Thus, using a nonrelativistic
quark model the authors of Ref. [24] found that the minimal mass of
the state bbcc is around of 12.868 GeV. It is interesting that in the rela-
tivistic quark model the mass of such lowest-level tensor tetraquark was
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estimated 12.859 GeV [29]. Within uncertainties of computations these
results are consistent with our prediction.

The tetraquarks bbcc were considered in Ref. [26] in a nonrelativis-
tic chiral quark model. Calculations carried out there suggest that no
bound state can be formed for bbec and bebe systems. The mass spectra
of different all-heavy tetraquarks including bbcc/ccbb ones were ex-
plored in Ref. [25], as well. In this article, analysis was performed in the
framework of the potential model which includes the linear confining
potential, Coulomb potential, and spin-spin interactions. It was demon-
strated that the tensor tetraquark bbcc has the mass equal to 12.972 GeV.
This estimate is slightly higher than our result but is, qualitatively, in
accord with all samples considered till now. In other words, in these
papers the exotic tensor meson bbcc was found unstable against strong
decays. Only in some publications, in Ref. [27] for instance, this tensor
tetraquark has the mass 12.37f8:}2 GeV and is strong-interaction stable
structure.

Our result for m implies that it is above the B.B,, B.B;, and B’ B,
thresholds 12.55 GeV, 12.62 GeV and 12.68 GeV and can decay to these
final states. In the next sections, we are going to calculate partial widths
of these processes, and estimate full width of the tensor tetraquark bbcc.

3. Decay T — B_ B,

We start from analysis of the process T — B_ B, . The width of this
decay can be computed using the strong coupling g of particles at the
vertex T B_ B . In order to find g it is convenient to analyze the three-
point correlation function

M, (p.p) =P / d*xdyel? e PO T (15 ()

xJ % (0)J],()}10), a5

where

JBe (x) = C;(x)iysh,(x), (16)

is the interpolating current of the pseudoscalar meson B .

Investigation of the correlation function I, (p, p') makes it possible
to derive the SR for the form factor g(g?) that at the mass shell g> = méc
is equal to the strong coupling g. To find SR for the form factor g(¢?),
we first write down I1,,, (p, p') using the parameters of the tetraquark T’
and meson B_ . The correlation function Hlljl:ys(p, p') calculated by this
method forms the physical side of the SR for the form factor g,(¢%) and
is given by the formula

_ (0175 |B.(p") (017 %| B.(9))

12 _ 2 2 _ 2
pe—mp g —mp

Phys

L, (p.p")

c

(T(p.e)lJ},10)

X<BL(P’)B¢(‘1)|T(P95)> p2 _m2 T (17)

with m B, = (6274.47+0.27) MeV being the mass of B meson [35]. The

correlation function Hi&ys(p, p') is found after isolating an effect of the
ground-level particles, whereas contributions of higher and continuum
states are denoted by the ellipses. To recast this correlator into a form
suitable for further analysis, we use the matrix element

2

chch

(01J%|B,) = 18)

5
mb+mc

where f B, = (476 + 27) MeV is the decay constant of the mesons BF
[36]. We model the vertex of the tensor tetraquark and two pseudoscalar
mesons by the formula

(B.(?)B@)IT(p.0)) = =g(qV)eqy ()P ¢, 19
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Fig. 2. Dependence of the mass m on the Borel M? (left panel), and continuum threshold s, parameters (right panel).

with g(g%) being the strong form factor that at the mass shell g% = mi

determines the coupling g of interest. By taking into account g =p — p’
and

e @p" =) (P’ =0,

we get

(20)

(B0 B.@IT(p.€)) = g(a)e ) (0)p* P’ (21)

For the correlator, we find
g@HASG my

l_IPhyﬂ —
p.p ) (mb + mc)z (pz _ m2> (p/z -

2
mBC)

2
1 2 " 242
e e PP

(PP, + PP, ¢ (22)

where A = A(m, mg , q) and

Vxt + y 24 = 20292 + X222 + y222)

2x (23)

Ax,y,z) =

The correlation function Hf:l;ys(p, p’) has the structure

Phy% Phys Phys Phys / /

(.p)=1 pup, + 11, P,

Phys

gW+H

Ph
oo,

Phys

+II pyp +11, (24)

The amplitudes IT; ™" are functions of the variables p?, p'2, 4%, and de-

pend on the parameters m”> and m% which are omitted for compact-
(4

ness of the expression. To derive the SR for the form factor g(q?), we

work with the structure p’ p), and corresponding invariant amplitude

Ps(p2, p'2, ¢%) (we have omltted a subscript 2). It has the form
g@HASG m)

P2, p%.4%) =
(my+m,)? (p? — m?)

1
2 2 2y
—m? ) —m3)

X 2 (25)

The QCD side of the sum rule, i.e., the correlation function Hi’f E(p,
p') is determined by the formula

O (p, p/) = 24 / d*xd*ye'? Ve P [Tt [y551(y — x)

X1, 87 (=015 S )y, ST = )|

—Tr [ 15550y = x)7, 572 (—x)ys S (x)y,, S (x y)] } . (26)

Ph
yb . We

label by ITOFE(p2, p’ 2, 4?) the amplitude of the structure p” o and employ

The correlator HOPE(p p’) has the same Lorentz structure as I,

it in the following analysis. Having equated functions IT"™s(p?, p'2, g%)
and ITOPE(p?, p'2, ¢%), and fulfilled the Borel transformations over vari-
ables —p? and —p'? and continuum subtraction procedures, we find

(m +m .)2 2 2 m2 /M2
8% = L (P =l e M8 MM, 50,6, @7)
Af B, m B,
where
50 50
2 2
(M, s9,¢%) = [ ds / ds' p(s. s’ qPe™Mi e M2 (28)
am?2 M2

and M = m;, +m,. Here, [I(M2, s, ¢%) is the Borel transformed and con-
tinuum subtracted amplitude IT°PE(p2, p'2, ¢2) corresponding to the term
~ p;l p/,. The spectral density p(s,s', ¢%) is calculated as a imaginary part
of the component ~ p;l p’v in the correlation function. The (Mz,so) in
Eq. (28) are two pairs of the parameters: The parameters (M2, s,) cor-
respond to the tensor tetraquark channel, and in numerical analysis we
use Eq. (12). The pair (M. 2 sg) describes the B channel for which we
employ

M} €1[6.5,7.5] GeV?,

sy €[45,47] GeV™. (29)

The strong coupling g is equal to the form factor g(m2 ) computed at

the mass shell g% = m . Because the SR method is apphcable only in the

domain ¢% <0, to get g(m 3 ) one has to extrapolate the QCD numerical

data to a region of positive g*. For these purposes, it is appropriate to
use a variable Q2 = —¢?, and denote the fit function F(Q?), which at
0? > 0 gives results equal to SR data, but can be easily extrapolated to
0? < 0. One of possible choices for the such function is

2
P(Qz)—FOexp |:CIQ—+C2 <Q ) ] .
m?

This function contains the unknown parameters 70,
should be determined from a fitting procedure.

We carry out the numerical computations varying Q? inside of the
interval Q2 = 1 —40 GeV2. The QCD data extracted from the SR analysis
for the form factor |g(Q?)| are plotted in Fig. 3. Having compared these
data and Eq. (30), one can obtain the parameters FO=21.44 GeV_l,
¢; = 1.18, and ¢, = 2.21 of the function F(Q?). This function is plotted
in Fig. 3 as well: A reasonable agreement between 7(Q?) and QCD data
is evident.

(30)

¢y, and ¢, which
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Fig. 3. The QCD data for the form factor |g(Q?)| and the extrapolating function
F. The red square shows the point Q% = —m?, .

For the strong coupling g, we find

— 20\ 2.02+0.59+0.79 -1
lgl = F(=m3, ) = 183373 07+0.304072 Gev . (31)

Here, the errors in |g| are generated by the choice of M? and 50, and
ambiguities in m;, and m,, respectively. The partial width of the decay
T — B B is determined by the following formula

F[T—»B‘B‘]—i 2 om ) (32)
¢ el = 3 060mm2 \" T B:)

with A being equal to A(m,m B,»M Bc)' Having applied Egs. (31) and (32)
and other input parameters, we get the partial width of this decay

-n-1— 435
[T — B;B;| =163%,2 MeV, (33)

where we present the total errors of calculations.
4. Decay T — B, B}~

Here, we study the process T — B B!~ and calculate its partial
width. To this end, we begin from analysis of the correlation function

My (P p)) = 12 / d¥xd ye Ve OIT (U, ()

xJ % (0)J],(x)}10), (34
which is necessary to evaluate the strong coupling at the vertex T'B, B;.
In Eq. (34) J, i ¢(y) is the interpolating current of the vector meson B~

15 0) =T (X1, by (). (35)

The SR investigation requires calculation the correlator I1,,,, (p, ?)
in two regions. First, one should find it using the physical parameters of
particles involved into the decay process. This expression which contains
contribution of only ground-state particles is

_ (01" B ) (01| B,(4)

Phys /
Mgy (2, 07) 7 qz—méc
. (T(p.o)J},10)
X(B(p,€)B(Q)|T (p, ) ———5— + . (36)
p-—m

The matrix element of the vector particle is

(017, | BX (1) = [ s €,(p). 37)

where m B and f pr are the mass and decay constant of the meson B; (p),
respectively. The vertex T B, B’ is modeled by the formula

(Bi (0, )BT (. &) = h(g")e pepsp €[5 (DA PP €. (38)

Having substituted these matrix elements in Eq. (36), we get
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Fig. 4. The SR output and interpolating function for the form factor A(Q?). The

star shows the point Q% = —m? .

h(@*)Afpzmp: fp,my

Phys /
gy (p,p') =
auv 2(my +m,) (pz_mz)(pd_mé*)
1
X { g0+ 150"
(q* —my
m2 + I’I’IZB=F - q2 " i
————— (eapa?* PPy + €2500" 0" - (39)

The QCD side of the sum rule is determined by the expression

HOPE(p’p!) —2i / d4xd4yeip’ye—ipx {Tr [}’aS,’;a(y - X)

auv
X1, S (=075 5 (0, S = )|
=T [raSi20 = 08,5 (x0rs 82 (or, S x - )] | “o

We derive SR for the form factor A(q?) using the first structure in Eq. (39)
and its counterpart in HS;’VE([J, )

2(my, + mc)(q2 - méj)

2 m2, /M2 A
h@) = M MR, 5, ), 1)

2
Afprmp: fp,mp,

where fI(M2, S0.q°) is the amplitude corresponding to the structure
€ Apau p*p'f p., in the correlation function HS};E (p, p') after the Borel trans-
formations and continuum subtractions.

In numerical computations, we utilize the theoretical predictions for
the mass and decay constant of the vector meson B’

mpx = 6338 MeV, fp: =471 MeV (42)

from Refs. [37,38], respectively. The parameters in the B channel are
chosen in accordance with Eq. (43):

M; €6.5,7.5] GeV?, s, €[49,51] GeV™. (43)

The results of numerical analysis for h(¢%) and extrapolating function
f’(Qz) with parameters PO =167 GeV~2, c; =1.26, and ¢, = 1.95 are
drawn in Fig. 4.

Having employed the fit function f’(QZ), it is not difficult to estimate
the strong coupling h

h=F(=m} )= (139 £0.16) GeV 2, (44

The partial width of the decay T — B_ B~ is equal to

n2 [4 2_p2 2

m +(m" —m
640zm* L B (

O E :

2
2y ()] (45)
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where 1= A(m, m r»mp, ). Having applied Egs. (44) and (45) and other
input parameters, we evaluate the partial width of this process

['[T - B B!"| =(252£7.3) MeV. (46)
5. Decay T — B} B}~

In the case of the decay T — B~ B~ the SR for the strong form
factor G(¢?) at the vertex T B} B, can be obtained from the correlation
function

Mo (p-p') =i / d*xd*ye? Ve PO T LT ()
XJ <)}, (0}0). @

The correlation function I1,4,,(p, p') can be expressed using the
physical parameters of the particles involved onto the decay process

B* B;
Phys , (014, ¢ |B:(Pl,€])> <0|‘Iﬂ |B;‘(q, €))
5P = > >
P2 —mp. q* = mp,

4

(T(p,e)1J,10) N

(B, e Bl (q. )T (p.€)) ———3 (48)

where €, and ¢,,, are the polarization vector of the B} mesons with mo-

menta p’ and ¢, respectively. In the correlator HZ]Z; (p, p") only contribu-
tion of the ground-level particles is presented explicitly: Contributions
arising from the higher resonances and continuum states are shown by
the dots.

The correlation function can be further simplified using the matrix
element of the vertex (Bj(p’ ,€1)B}(q,€)|T(p,€)). In general, a tensor-
vector-vector vertex contains three independent form factors which de-
scribe a pair of vector meson with helicities A =0, +1 and +2 [39,40].
In the case of two photon decays of a tensor meson it was argued
that a dominant contribution comes from a A = 2 state [41]. In the
present work, we assume that this conclusion may be applied to decay
T — B B:™, as well, and choose the vertex in the form

(B (¢, €1)B}(q,e)IT(p, &) = G(a"eL) [(€] - e p”?
- @) = (e] - P, (49)

which corresponds to a pure 4 =2 final state.

+(€5 - p )el‘

As a result, for HP yg (D, p ') we get the lengthy expression
A £2 2
Phys (p I ) _ G(q )Af c*mB;
ot (p? =m?) (02 = m3y. )(g? = my)

m, =20, 2m® + ¢7) + (m* — Y3m® — )

12m?

mz*

1
_guv papﬁ+2papﬂ -

XEu8up + 3

R

om? 51

X |y, +3m* = *)p, ply + (miy. +m’ — qz)p;pﬂ]
1, 1

+3PaPi8p + 5 PP, + Dbl )

+other structures} . (50)

For the QCD side of the sum rule, we obtain
VI )
e (p,p') = 2i /d4xd4ye"’ Ye T [, S, (v = x)

X7, 33 (=x)75 S )y, ST x = )|

_Tr [yaS’“(y 07, 520~ x)yﬁSbf(x)yMS”i(x—y)]}. (1)
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Fig. 5. The QCD data for the form factor G(Q?) and fit function F. The diamond

fixes the point Q% = —m;%.

To get the required SR for the form factor G(g?) we utilize the structure
proportional to p,p/ g, and corresponding amplitudes mPhys (p2, p'2, 4%)
and ﬁom”:(p2 P2, ¢%) in both versions of the correlation function g, (P,
p'). Then, after standard operations the sum rule for G(q?) reads

245D s
G(@) = ——5——e"Mie BTV, 50, 47). (52)
Af2m, v

The results obtained for G(Q?) are plotted in Fig. 5, where Q varies
inside of limits 0% = 1 — 40 GeV?>. Then, having confronted QCD output
and Eq. (30), it is easy to find F0 = 0.50 GeV~l, ¢y =177, and ¢, =
—2.39 in the function f(Qz). It is also plotted in Fig. 5, where one sees
a nice agreement of f’(QZ) and QCD data.

For the strong coupling G, we find

-7 2y — +0.06 -
G =F(-my)= 0287008 Gev™! (53)

The partial width of the decay T — B;~ B:~ is determined by the ex-
pression

G*7

4 2,2 4
(m —3m mB.:+6mB:>, 54)

with 1 being equal to A(m,m B> Bj)- As a result, we find

[T - B B7] =14.0"%% MeV. (55)

The full width of the tetraquark 7' saturated by these three decay
channels is

I =555%%0 MeV. (56)
6. Summary

In present paper we have studied, in a rather detailed form, the ten-
sor tetraquark T = bbcc by calculating its mass, current coupling and
full width. The mass of this particle m = (12.795 £0.095) GeV is above a
few two Bg*)_ Bg*)_ meson thresholds. As a result, it is unstable against
strong decays to B, B, B, B;~, and B}~ B}~ pairs. The full width of T
has been evaluated by taking into account namely these decay channels.

The dominant decay channel of the tensor tetraquark T is the pro-
cess T — B B~ with the partial width (25.2 + 7.3) MeV. The par-
tial widths of another two decays T — B_ B, and T — B;"B)” a

equal to 16.3*}3% MeV and 14.0*% MeV, respectively. The full w1dth

I't =55. 5“0 6 MeV of the tetraquark T saturated by these three chan-
nels characterlzes it as a four-quark meson with “moderate” width. This
prediction is comparable with our results for the scalar and axial-vector
tetraquarks bbcc. It is smaller than widths of the scalar tetraquarks, but
larger than the width of the axial-vector state 7. In any case, parame-
ters of the tensor tetraquark T do not differ considerably from those of
scalar and axial-vector states and fit the class of bbcc exotic mesons.
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Although spectroscopic parameters of the tetraquarks bbcc were cal-
culated in the context of different models and approaches, the same
cannot be said for their decay channels. But it is difficult to make credi-
ble conclusions about nature of these states without information on their
widths. This is very important, because there are controversial predic-
tions in the literature concerning stability of the bbcc particles. As is
seen, there is plenty to be done for comprehensive analyses of the four-
quark structures bbcc with various spin-parities.
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