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We present a tetraquark interpretation of the charged bottomonium-like states Z;t(10610) and
Z£(10650), observed by the Belle collaboration in the 7Y (nS) (n = 1,2,3) and 75hy(mP)
(m = 1,2) invariant mass spectra from the data taken near the peak of the T(55). In this framework,
the underlying processes involve the production and decays of a vector tetraquark Y;(10890), ete™ —
Y3,(10890) — [ZE(10610)7T, ZE(10650)7T] followed by the decays [Zi(10610), Z(10650)] —
7EY (nS), 7 hy (mP). Combining the contributions from the meson loops and an effective Hamilto-
nian, we are able to reproduce the observed masses of the Z;*(10610) and Z;=(10650). The analysis
presented here is in agreement with the Belle data and provides crucial tests of the tetraquark
hypothesis. We also calculate the corresponding meson loop effects in the charm sector and find
them dynamically suppressed. The charged charmonium-like states ZZ (3752) and ZF (3882) can be
searched for in the decays of the J©¢ = 17~ tetraquark state Y (4260) via Y (4260) — Z*(3752)7T
and Y (4260) — ZF (3882)7T, with the subsequent decays (Z= (3752), Z£(3882)) — (J/¢, he)n™.

PACS numbers: 14.40Pq, 13.66Bc, 14.40.Rt

Recently Belle [1] (updating a previous publication [2])
reported the measurement of the 7Y (nS)(n = 1,2,3)
and why(mP)(m = 1,2) invariant mass spectra from
the data taken near the peak of the Y(5S5) resonance
in the processes ete™ — YT (nS)rT7~ and ete™ —
hy(mP)rt 7=, in which two charged bottomonium-like
states Z;"(10610) and Z;7(10650) are discovered. Here-
after, these states will be abbreviated to Z, and Z;, re-
spectively. The masses and decay widths averaged over
the five different final states are in MeV [1]:

m,+
Z,

10607.2 £ 2.0, Myre = 10652.2+ 1.5,
18.4+24, 11.5+2.2.

r z* r 2
The angular distribution analysis indicates that the
quantum numbers of both Zf and Z;* are I¢(J") =
17(17). These states defy a standard bottomonium as-
signment, as in the valence approximation they consist
of four quarks bubd (and charge conjugates).

Due to the proximity of the Z, and Z] masses with the
BB* and B*B* thresholds [3], it has been proposed that
the former could be realized as S-wave BB* and B*B*
molecular states, respectively M—Iﬁ] In this scenario, the
heavy quark spin structure of the Z;, and Z] is expected
to mimic that of the corresponding meson pairs

|Zl/>> = (01;1; ® 1;5 - 1;1; ® O;q)/\/i
|Zy) = (0; @ 15+ 1, ©0,5)/V2, (1)
where 0~ and 1~ denotes the para and ortho- states with

negative parity, respectively. One anticipates the mass
splitting to follow Amyz, = Mz, —Mz, =Mp+—Mmp = 46
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MeV, in neat agreement with the observed value Amyz, =
(45+2.5) MeV [1]. Moreover, the structure in Eq. () pre-
dicts that Z, and Z; should have the same decay width,
which is approximately in agreement with the data.

Despite these striking patterns, the fact that both Z,
and Z| lie nominally above their respective thresholds by
about 2 MeV reveals a tension with the molecular inter-
pretation. If consolidated by more precise experiments,
this feature may become a serious problem in this ap-
proach, as a one-pion exchange potential, which would
produce such a bound state, does not support an S-wave
BB* resonance above threshold in an effective field the-
ory ﬂﬂ] Also, the measured total decay widths appear
much too large compared to the naively expected ones
for loosely bound states, and this suggests that both Z
and Z are compact hadrons. In addition, the measured
cross sections in question are too big to be interpreted in
terms of the decays Y(55) — (T (nS), hy(mP))ntr.

In this paper, we pursue a different ansatz in which the
observed processes arise from the production and decays
of a vector tetraquark Y;(10890) [12-14], having a (Breit-
Wigner) resonant mass of [10888.412 7 (stat) 4 1.2(syst)]
MeV and a width of [30.77%3(stat) & 3.1(syst)] MeV
(15, [16). The mass and, in particular, the decay width
of ¥3(10890) differ from the Particle Data Group entries
assigned to the T(55) [3]. We propose that the states
Zy and Z; seen in the decays of ¥3,(10890) are themselves
charged tetraquark candidates having the flavor configu-
ration [bu][bd] (and charge conjugates) (see Refs. [17, %]
for earlier suggestions along these lines). Their neutral
isospin counterparts with I3 = 0 have J©¢ = 17~ and
their masses were calculated in the effective Hamiltonian
approach in ﬂﬁ] Ignoring the small isospin-breaking ef-
fects ,@], Zy and Z; have the same masses as those of
their neutral counterparts. As shown below, these esti-
mates yield a too large value for Amy, compared to the
Belle measurement.

However, threshold effects and common decay chan-
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nels may play an important role beyond what can be
described by the constituent quark model and its tran-
scribed form adopted in @] to work out the spectro-
scopic aspects for the tetraquark states. In particular,
two hadronic states having the same quantum numbers
may mix due to dynamical effects, leading to differences
in their masses and decay widths. Typically, the result-
ing mass shift is dominated by decays to the common
states and reflects the partial widths to these states. A
case in point here is the mass difference between the D°
and D°, which is dominated by such common decay chan-
nels, and is usually calculated by the meson loops, as dic-
tated by the optical theorem m] Following essentially
the same line of argument, we quantify this effect for
the two charged-bottomonium-like states Zbi and Zlgi.
We recalculate the masses of Z;, and Z] states by taking
into account the meson loop contributions involving the
Zweig-allowed two-body intermediate states BB*, B* B*,
hy(mP)m, YT (nS)m and npp. Theoretical estimates pre-
sented here account for the observed masses; in particu-
lar, the precisely measured mass difference Amy, is re-
produced in terms of the partial decay widths of Z; and
Z;. This can be tested in future when the partial de-
cay widths are measured precisely. In our approach, the
mass eigenstates Z, and Z; are rotated with respect to

the tetraquark spin states 7, and Z{), and we determine
this mixing angle.

We also work out the corresponding meson loop effects
for the charged charmonium-like states ZF and Z'*, with
each one of them belonging to an isotriplet. The masses
of the electrically neutral states have been calculated
and are predicted to have typical values m(Z.) = 3752
MeV and m(Z.) = 3882 MeV [19]. Ignoring the small
isospin-breaking effects, these estimates apply for the
charged counterparts ZF and Z/* as well. We find
that the meson-loop effects are in this case dynami-
cally suppressed, as detailed below. However, we do
expect that the production and decays of the ZF and
Z'* will essentially mimic the patterns seen for their
bottomomum counterparts th and Z’i. In particular,
Zi and Z’jﬁ7 which are not measured so far, can be
searched for in the decays of the neutral J¥ ¢ = 1
state Y'(4260), via the processes Y (4260) — Z=(3752)n T
and Y (4260) — ZF(3882)7T, with the subsequent de-
cays (ZF(3752), Z+(3882)) — (J/v, he)n*

We start with the classification of the Z, and Z{)
tetraquark states in terms of the spin and orbital an-
gular momentum of the constituent diquark and antidi-
quark. The concept of diquark was introduced by Gell-
mann in his epochal paper on quarks ﬂ2_1|] and since then
has been widely discussed in the literature (for reviews
on diquarks, see Refs. @, ]) A diquark has positive
parity and may be a scalar (spin-0, or “good” diquark) or
an axial-vector (spin-1, or “bad” diquark) [24-26] and is
assumed to be a color antitriplet 3.. The states Zb and Zz/;
arise from the production and decays of ¥3,(10890), iden-
tified with a linear combination of the two tetraquark
states Y}, = [bqg][bq] (¢ = u,d) having the spin and or-

[\

bital momentum quantum numbers: Sy = 0, Sigg = 0,
Sivglpg) = 05 Lipgpg = 1, with the total spin Jyg59 =
1 ﬂﬁ] We shall be using a non-relativistic notation to
characterize the tetraquark states [Sjuq), Sipq)s Jjpgipg))s 10
which a matrix representation of the interpolating op-
erators is used in terms of the 2 x 2 Pauli matrices o;
(’L = 1,2,3) O[QQ O'QQ/\/_ 1@@] QTUQUiQ/\/_
BEIE, 1o < Gr1vE, @ veng any
quark. The two tetraquark spin states Z, and Z’ are
represented as

1Z4) = (Opg) © 15 — Lppg) © O / V2,
Z) = 1pg @ 15g- (2)

Performing a Fierz transformation, the flavor and spin
content in the bb ® qq and bg ® ¢b product space can be
made explicit:

and OQQ

1) = (=13, @ 00 + 05 @ 1) /V2 = 1, @ 1,
1Z) = (1,; ® 0 + 0, @ 1.5)/V/2
(bq®0 +0,,©15)/V2. (3)

Eq. @) shows that the Z, and Z; have similar coupling
strengths with different final states. The labels 0y and
17 in Eq. @) can be viewed as B and B*, respectively.
It follows that Z; couples to B* B* state while Zl/; couples
to BB*. We stress that this identification is in contrast
with the molecular interpretation, in which the transition
Zb — BB*+h.c. is forbidden by the spin symmetry since
Zb is assumed to be essentially a B* B* molecule M] This
difference can be tested in the future and is of great im-
portance in order to distinguish between the tetraquark
and the hadronic molecule interpretations.

In the effective Hamiltonian approach, the 2 x 2 mass
matrix for the S-wave 11 tetraquarks M is given by @]

. 3 Kqq + Kpp —a b
M=<2m[bq]+§A—qu>]I+< b a) ,(4)

where I is a 2 x 2 unit matrix, a = A/2+ (Kpq)3 — kog and
b= Kqg — Kpp- In the above (kpq)3 accounts for the spin-
spin interaction between the quarks inside the diquark
and antidiquark, rqq and x5 are the couplings accounting
for the interaction between the the quarks in the diquark
to the antiquarks in the antidiquark, and A is the mass
difference between the spin-1 and spin-0 diquarks. Using
the default values of the parameters [12,[13] (in units of
MeV)

Kag = T95, Ry =9, Kog =575, (Kug)s =6, (5)

yields the diquark mass mp, =~ 5200 MeV (from the
Y3(10890) mass). The value of A is uncertain, with A ~
200 MeV for the light quarks m] Reducing its value
drastically for the ¢ and b quarks will reduce the level
spacing of the corresponding tetraquark states for which
the experimental evidence is rather sparse. Due to the
lack of data, we adopt an admittedly somewhat arbitrary



range A = (120+30) MeV for our numerical calculations.
These parameters yield the following values for the two
charged tetraquark masses and the mass difference

mz, = (10443*52)MeV, mz = (10628*2})MeV,
Amgz, =2v/a2? + b2 = (185721 )MeV. (6)

We note that the prediction for Amg, given above is
much larger than the experimental data, and there is no
easy-fix for this mismatch at hand in terms of the pa-
rameters in the effective Hamiltonian. Since this Hamil-
tonian @] adequately describes the mass spectrum of
the exotic states discovered in the charm sector, we con-
tinue to use this as our starting point and argue that
additional dynamical contributions to the mass matrix
arise from the meson loops.

With this premise, the renormalized masses can be ob-
tained by computing the two-point functions. At the one-
loop level, the self-energy corrections to the unperturbed
propagator X(p?)g,., depicted in Fig. [l are written as

—i(g"> — ptp®/p?) —i(g® — p’p¥ /p?)
p2 — M2 p? — M2

i5(p*)gas (7

Taking the hym state as an example, we find

920 w970 he [ A

where A = 2%s — x5 + am? + (1 — x)mj, — ie, and the
coupling constants appearing above are defined through
the hadronic interaction

L= em,aggzé,)hwa“Zé')”aahfw + h.c.. (9)

In deriving %(s), the MS scheme in the unitarity gauge

has been used to remove the UV divergence with the

scale pp ~ m_ . We recall that the real parts of
b

Y(s) contribute to the mass matrix, while the imag-
inary parts of X(s) are related to the decay widths
of Zy and ZZQ. In particular, the transitions Z, —
(Y (nS)m, hy(mP)m,ny(nS)p) — Zj contribute to the off-
diagonal terms in the 2 x 2 mass matrix and provide sig-
nificant effects on the mixing of the two tetraquark-spin
eigenstates.

The meson loop corrections due to the different
hadronic channels can be viewed as renormalizing the
“bare” mass for the states predicted in the constituent
tetraquark model. We are interested in the relative mass
shifts which are reflected by the genuine part of the loop
contributions ReXyen(s). These can be obtained by a
subtraction procedure at a suitable mass scale sg ﬂﬂ]

ReSgen(s) = ReX(s) — ReX(so). (10)

Setting the scale sy needs a prescription. It is reason-
able to choose sg as the mass squared of the lowest lying
bound state for a given quark flavor, which we take as the
JPC = 0t+ scalar tetraquark state. A different choice,

T(nS), hy(mP), my(n.S)

2z Z

™ p

(b)

FIG. 1. Two-body meson-loop corrections to the function
¥(s) defined in Eq. ). The intermediate states B™*) B* con-
tribute only to the diagonal terms in the mass matrix while
T (nS)m, hy(mP)m and ny(nS)p contribute to both the diag-
onal and non-diagonal terms.

namely s = 4m[2b E will slightly modify our results and
the effects caused by the ambiguity in so will be incor-
porated in estimating the systematic uncertainties in our
approach.

Including the loop corrections, we now have the follow-
ing structure for the 2 x 2 mass matrix

. Z _\[rorh
TR 9 (R S RO
T \_yrZrs4 4

where i runs over the two-body channels shown in Fig. [T}
the coefficients ¢;(s, so) are defined as

ReXgen(s)

© 2ImX(s) (12)

Ci(S, So) =

in which s is taken as the physical mass squared from
the data and ReXg.,(s) is determined as in Eq. (I0).
The sign in the Y (nS)7 contributions to the off-diagonal
terms is reversed due to the spin symmetry as shown in
Eq. @). In the case of open bottom mesons, the BB* loop
impacts on Mso while B*B* modifies M1;. Note, that
via the optical theorem the imaginary parts are directly
related to the decay widths, and our parametrization in
Eq. () makes this manifest.

Choosing the subtraction point as so = [(10.385 +
0.05)GeV]?, which corresponds to the mass of the lowest
(0*F) tetraquark state with a hidden bb quark content,
we estimate the following values for the coefficients ¢;
(ignoring errors on the smaller ¢;s):

|Chb(2P)7f | Cnyp |Chb(1P)7T | CBB*

| 45t [—11] 3+1 [-11]

For the analysis of T (nS)m contribution, the Lagrangian
L=g,,0 VIZ)T with V = Y3, T(nS) gives
b

*

gZ(/)T nS 7'rg D (nS)r 1 A
S(s) = — y XS T ZI0 7 (nS) Adw[—lOg(E)

(47)?
A A A
+—5—log ( , (13)
2m2T(nS) p? ) 2m%‘(n5) }
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FIG. 2. Dependence of the coefficients ¢; on the subtrac-
tion scale so calculated with the Lagrangian in Eq. ([I3).
The frames (a) to (g) correspond to the intermediate states
i = Y(S)w, Y(29)7, Y(3S)7, hy(1P)7, hy(2P) 7, myp, BB*,
respectively.

with A = 2%s — xs + 2m?2 + (1 — I)mQT(nS) —ie and the
relevant coeflicients are predicted as

crasyr = —0.01, ey@s). = —0.1,
C’r(35)ﬂ. =—-1.3. (14)

The expression for contributions from the ZZS/) — P
channel is similarly obtained by replacing the vector
T (nS) by p and the pseudoscalar m by 5.

Instead of the Lagrangian specified above, using the

Lagrangian with the derivative of the pion field which is
inspired by the chiral symmetry

_ G )y

L=g,,0 V", Z,,id"n, (15)
b

we have

ngE/)T("S)ﬂ'g*Z(/)T(nS)Tr !
> / dx
(4m)? 0

Y(s)=—

A3 A
X ——5——|4log(—) — 5
{47”%(715) [ o8 (MQ) }
A2

4m2r(n5)

A
{3(4m2ﬂns) + 5(2 — 32%)) log (F) -
—8m%(n5) +12s2% — 75}
As
2m2r(n3)

+[(8 — 12I2)m2’r(ns) +5(1 — 2?)%]log (%)}

+ [[(82% = )mi,s) — (2 = 1)

—s%(2? — 1)*log (%)} . (16)

This expression yields larger values for the coeflicients
CY(nS)r*

cxas)r = —0.7, cys)r = —2.1,
CT(3S)7T = —6.5. (17)

It should be noted that these numbers are much larger
than the ones in Eq. (I4]), due to the fact that the pion
momentum coming from the derivative in Eq. ([I5) is

small in the ZISI) rest frame and thus suppresses the par-
tial decay width and hence the denominator in the defi-
nition of ¢; as in Eq. (I2).

The dependence of these coefficients on the subtraction
scale is shown in Fig. Bl where the Lagrangian in Eq. (I5)
has been used. The striking result is that the coefficient
Chy(2P)= dominates by far all the others. The main rea-
son for the dominance of the coefficient ¢y, (2py, is that
the limited phase space and the p-wave decay character
of ZZS/) — hy(2P)7 result in a comparably small value for
the imaginary part of ¥(s) compared to its real part. In
Ref. @], Belle collaboration has reported the measure-
ments of the cross sections for eTe™ — T(nS)rt7~ and
ete”™ — hy(mP)rTm~ near the peak of the Y(59) res-
onance. Using the final state Y(2S)7 "7~ as normaliza-
tion, they found that the ratios of the various cross sec-
tions are typically all of order 1. Thus, the partial widths
for the different final states listed are comparable, which
suggests a value of O(1) MeV for each of them [1]. Thus,
the domination of the hj(2P)r channel in the meson-loop
corrections to the 17~ mass matrix is a consequence of
this channel having the largest coefficient and the antic-
ipated sizable partial decay width of ZIS/) — hy(2P)7.
This is worked out quantitatively later.
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FIG. 3. Dependence of the coefficients ¢; for hadronic decay

channels of the charmonium-like Zg) states on the subtraction
scale so calculated with the Lagrangian in Eq. (I&). The
panels (a) to (e) correspond to the intermediate states i =
J /Y, p(2S), he, nep, DD*, respectively.

For comparison, we have performed the same calcula-
tion for the hidden-charm tetraquark states whose masses
are calculated in the constituent diquark model by Ma-
iani et al. ﬂﬁ], predicting the masses of the two 17~ c¢
hidden tetraquark states as

myz, = 3.752 GeV, mgz = 3.882 GeV. (18)

This yields a mass difference Amz, = 130 MeV. Ignor-
ing the isospin symmetry breaking effects, typically a few
MeV, the above estimates hold also for the charged coun-
terparts. Since the above masses are very close to the
estimate of the mass of the lightest scalar J©¢ = 0t+
tetraquark state, mg, = 3.723 GeV [19], the genuine
meson-loop contributions, after subtraction, are expected
to be small. We show the corresponding coefficients for
various hadronic channels in Fig.[3, where in order to de-
termine the imaginary part the mass for the higher 17~
state has been used as the physical mass. A striking dif-
ference between the coefficients shown in Figs. 2 and 3
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FIG. 4. Constrained partial decay widths from the Z; and
Z;, masses measured by Belle. The left-hand panel shows
the constraint on the partial decay widths of the tetraquark
eigenstates Z, and Zi. The circular (green) contour is ob-
tained by the mass difference Amz, = 45+2.5 MeV, while the
slanted vertical (blue) band results from the averaged mass
(mz, +mz)/2 = 10629.7 + 2.5 MeV for the default values
A =120 MeV and ¢, 2p)~ = 45. In the right-hand panel, the
corresponding constraints on Z, and Z} partial decay widths
are depicted. The solid (black) region results from default
values, while the extended (red) region is obtained by varying
these two parameters, as stated in the text.

is the absence of the coefficient ¢, (2p), in Fig. 3, as the

decays Zé/) — he(2P)m are not allowed kinematically.
Assuming that the partial decay widths in the various
channels J/vm, ¢(25)m, he(1P)m,nep etc. are of order 1

MeV, as in the decays of the ZZSI), we anticipate that the
corrections due to the meson loops in the Z. - Z! mix-
ing are also typically of the same order, namely order
1 MeV, hence not significant. Thus, unlike the masses
of the Z;, -Z; complex, the masses for the hidden-charm
tetraquarks calculated in Ref. @] are not expected to be
significantly modified by meson-loop effects.

As already remarked, the 17 relatives of the Z; and
Z; states in the charm sector, Z. and Z., in our model are
expected to be produced in the decays of a 17~ hidden-
charm tetraquark. The state Y (4260) fits the bill. The
enhancement of the cross sections for ete™ — J/¢pmtn~
and eTe”™ — h.mT7~ seen by the CLEO collaboration at
the center-of-mass energy around 4.26 GeV @] is very
likely a signature of their existence. In order to confirm
or negate this scanrio, we suggest our experimental col-
leagues to scan over this mass region more precisely.

Returning to the discussion of the mass difference of
the 1 tetraquarks in the hidden bb sector, we note that
it is approximately given as Amyz, = 2va’? + /2, where

¢ =a—c(T? —T%)/2, 0 = b— e;JT?T% and i

denotes hy(2P)m, as we keep only the dominant contri-
bution. The corresponding mass eigenstates are

|Zy) = cosOz,|Zy) — sinby,|Z;),
7 = SOl ) +cosOn Z),  (19)

with 0z, = tan=*[t'/(a’ + Amz, /2)].
In Fig. [ we show the constrained partial decay widths



from the masses observed by Belle. The left panel shows

the constraints on the widths of the tetraquark mass

eigenstates ZIS/) for the default values of A and ¢, (2p)r-

In the spin-symmetry limit, I‘Z—Zb and FiZ{’ are equal. As
seen in this panel, the resulting contours intersect at two
regions, the lower one of which implies large symmetry
breaking effects and hence is not entertained any further.
The upper region in which the two couplings differ by ap-
proximately 40% is further analyzed. In the right-hand
panel, the corresponding constraints on the Z; and Z}
partial decay widths are depicted. The black region de-
notes the default values of A and ¢; given above, while
the extended (red) region is obtained by the variations of
these two parameters in the ranges A = (120 4+ 30)MeV
and ¢y, (2p)r = 45*_'}%. Based on this, we estimate

0z, = (-19713)°,
T(Zy — hp(2P)7) = (1.77]3)MeV,
[(Z) = hy(2P)7) = (2.5722)MeV. (20)

We note that the mixing angle is small, implying that the
mass eigenstates are close to their respective tetraquark
spin states. From the partial widths given above, we
extract the relative strength of the coupling constants

Thy@P)r = 19200y 2P)r ) 9Zony2P)el = 1.27075. (21)

In the Belle data @], the ratio 7, (2p)x is not mea-

sured directly; what is reported is the ratio a;e’® =
9y Zjm X gZ{)Z-/(gbebTr X gz,i), which are products of the
production and the corresponding decay amplitudes of
the Z, and Z/ in the given final states. The updated
value in @] is ap,2p)r = 1.6f8:2f8é. An analysis to
estimate the relative amplitudes in all five final states re-
ported in Table I in ﬂ] is in progress in the tetraquark
context. We anticipate that the couplings in the pro-
duction amplitudes involving Z, and Z; are similar, i.e.,
l9v,z{x| =~ |9v,z,x| and hence 7, 2p)x = an,@2P)x, In
agreement with the Belle data.

Using the Lagrangian given in Egs. (@) and (IH),
we have the following amplitudes for the decays Y, —
Y(nS)rtn~ and Y, — hy(mP)ntm™

ZM(Y}) — T(?’LS)?T+7T_) = Aan + ingZbﬂ'gaT(nS

nS)rt i
€y, * E?cr(ns){(BW;g 5 + ax(ns)r€ ¢T("S)"BW§

)
nS)rt
o
(m?/b - P%(ns)ﬁ)@%(ns)ﬁ - m%(nS)) + (= Wi)}v

'LM(Yb - hb(mp)ﬂ+77) = A;sz - ingZbﬁgahbﬂeﬂVaﬁ

v o« *f3 1L 2 2 vahb(vnP)TrJr
foPhb(mP>€hb(mP>{pﬂ(mn phb(mP)w+)[ Zy

- +
+hy (mpyre M BW LT (o 17y} (22)
with BWiZZE,) = [p? - m2Z£,) + imzé/)Fzé/)]’l. Belle mea-

surements show that the a;s are roughly 1 within errors,
while the phases ¢; are close to either 0 or 180°, though
the errors are rather large. It is worth pointing out that
the momentum dependence arising from the interaction

Lagrangian given in Eq. (I)) are not taken into account
in the parametrization adopted by Belle. Although the
relative strength of the amplitudes, namely a;e’®, is not
affected, the 7Y (nS) and 7*hy(mP) spectrum distri-
butions will be modified. Az, and A, refer to the

non-Z lgl)

amplitudes in the indicated final states.

The structure of A,z was worked out in the
tetraquark picture in great detail in Refs. , ]
As opposed to the amplitudes involved in typical di-
pionic heavy Quarkonia transitions, such as Y(45) —
Y(1S)rtw~, which are modeled after the Zweig-
suppressed QCD multipole expansion @], the ampli-
tudes for the decays Y;(10890) — Y (nS)rT 7~ are not
Zweig-forbidden, and hence they are significant. In ad-
dition, they lead to a resonant structure in the 77 in-
variant mass spectrum. This is most marked in the
Y(1S)7 7~ mode in the form of the resonances fo(980)
and f2(1270). The measured dipionic invariant mass
spectra by Belle in these final states is in conformity with
the predictions ﬂﬁ, ] On the other hand, the ampli-
tudes A7, , in the decays Y;(10890) — hy(mP)rnt ™ are
expected to be neither resonant nor numerically signif-
icant. Only the transition Y;(10890) — hy(1P)fo(980)
is marginally allowed, heavily suppressed by the phase
space and the P-wave decay character. The state fo(600)
(or ¢(600)) contributes, in principle. However, as this is a
very broad resonance, the higher mass part is again sup-
pressed by the phase space and hence the contribution
of the fy(600) in the decay Y3(10890) — hy(1P) fo(600)
is both small and difficult to discern. This feature is
also in accord with the Belle data @] Finally, we note
that the absence of any anomalous production of the
states (T(nS)ntn~, hy(mP)rT7~) in the decays of the
bottomonium state Y (11020) [16] is anticipated in the
tetraquark picture, as opposed to the hadronic molecu-
lar interpretation of the Z, and Z; for which the decays
T(11020) — Zlgl)iij — Y(nS)nta~, hy(mP)rt 7~ are
expected to be enhanced by the larger phase space com-
pared to the corresponding decays from the Y(55).

In summary, we have presented a tetraquark inter-
pretation of the two observed states Zj~(10610) and
Z;[(10650). Combining the effective diquark-antidiquark
Hamiltonian with the meson-loop induced effects, we
are able to account for the observed masses in terms
of the decay widths for the dominant channel Zé/)i —
hy(2P)7*, obtaining a ratio for the relative decay am-
plitudes in the decays Zlgl)i — hp(mP)7* which agrees
with the Belle data. Together with the resonant 77 struc-
ture in the decay modes Y;(10890) — Y(nS)mT 7, first
worked out in ﬂE, @], this Letter provides additional
support to the tetraquark hypothesis involving the states
Y5,(10890), Zbi(l()GlO) and Zbi(l()650). Precise spectro-
scopic measurements foreseen at the Super-B factories
and at the LHC will provide definitive answers to several
issues raised here and will help resolve the current and
long-standing puzzles in the exotic bottomonium sector.
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