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DESY 11-164Tetraquark Interpretation of the Charged Bottomonium-like states Z�b (10610) andZ�b (10650) and ImpliationsAhmed Ali,� Christian Hambrok,y and Wei WangzDeutshes Elektronen-Synhrotron DESY, D-22607 Hamburg, GermanyWe present a tetraquark interpretation of the harged bottomonium-like states Z�b (10610) andZ�b (10650), observed by the Belle ollaboration in the ���(nS) (n = 1; 2; 3) and ��hb(mP )(m = 1; 2) invariant mass spetra from the data taken near the peak of the �(5S). In this framework,the underlying proesses involve the prodution and deays of a vetor tetraquark Yb(10890), e+e� !Yb(10890) ! [Z�b (10610)��; Z�b (10650)��℄ followed by the deays [Z�b (10610); Z�b (10650)℄ !���(nS); ��hb(mP ). Combining the ontributions from the meson loops and an e�etive Hamilto-nian, we are able to reprodue the observed masses of the Z�b (10610) and Z�b (10650). The analysispresented here is in agreement with the Belle data and provides ruial tests of the tetraquarkhypothesis. We also alulate the orresponding meson loop e�ets in the harm setor and �ndthem dynamially suppressed. The harged harmonium-like states Z� (3752) and Z� (3882) an besearhed for in the deays of the JPC = 1�� tetraquark state Y (4260) via Y (4260)! Z� (3752)��and Y (4260)! Z� (3882)��, with the subsequent deays (Z� (3752); Z� (3882))! (J= ; h)��.PACS numbers: 14.40Pq, 13.66B, 14.40.RtReently Belle [1℄ (updating a previous publiation [2℄)reported the measurement of the ���(nS)(n = 1; 2; 3)and ��hb(mP )(m = 1; 2) invariant mass spetra fromthe data taken near the peak of the �(5S) resonanein the proesses e+e� ! �(nS)�+�� and e+e� !hb(mP )�+��, in whih two harged bottomonium-likestates Z�b (10610) and Z�b (10650) are disovered. Here-after, these states will be abbreviated to Zb and Z 0b, re-spetively. The masses and deay widths averaged overthe �ve di�erent �nal states are in MeV [1℄:mZ�b = 10607:2� 2:0 ; mZ0�b = 10652:2� 1:5 ;�Z�b = 18:4� 2:4 ; �Z0�b = 11:5� 2:2 :The angular distribution analysis indiates that thequantum numbers of both Z�b and Z 0�b are IG(JP ) =1+(1+). These states defy a standard bottomonium as-signment, as in the valene approximation they onsistof four quarks bu�b �d (and harge onjugates).Due to the proximity of the Zb and Z 0b masses with theB �B� and B� �B� thresholds [3℄, it has been proposed thatthe former ould be realized as S-wave B �B� and B� �B�moleular states, respetively [4{10℄. In this senario, theheavy quark spin struture of the Zb and Z 0b is expetedto mimi that of the orresponding meson pairsjZ 0bi = (0�b�b 
 1�q�q � 1�b�b 
 0�q�q)=p2;jZbi = (0�b�b 
 1�q�q + 1�b�b 
 0�q�q)=p2; (1)where 0� and 1� denotes the para and ortho- states withnegative parity, respetively. One antiipates the masssplitting to follow �mZb � mZ0b�mZb = mB��mB ' 46� ahmed.ali�desy.dey hristian.hambrok�desy.dez wei.wang�desy.de

MeV, in neat agreement with the observed value �mZb =(45�2:5) MeV [1℄. Moreover, the struture in Eq. (1) pre-dits that Zb and Z 0b should have the same deay width,whih is approximately in agreement with the data.Despite these striking patterns, the fat that both Zband Z 0b lie nominally above their respetive thresholds byabout 2 MeV reveals a tension with the moleular inter-pretation. If onsolidated by more preise experiments,this feature may beome a serious problem in this ap-proah, as a one-pion exhange potential, whih wouldprodue suh a bound state, does not support an S-waveB �B� resonane above threshold in an e�etive �eld the-ory [11℄. Also, the measured total deay widths appearmuh too large ompared to the naively expeted onesfor loosely bound states, and this suggests that both Zband Z 0b are ompat hadrons. In addition, the measuredross setions in question are too big to be interpreted interms of the deays �(5S)! (�(nS); hb(mP ))�+��.In this paper, we pursue a di�erent ansatz in whih theobserved proesses arise from the prodution and deaysof a vetor tetraquark Yb(10890) [12{14℄, having a (Breit-Wigner) resonant mass of [10888:4+2:7�2:6(stat)� 1:2(syst)℄MeV and a width of [30:7+8:3�7:0(stat) � 3:1(syst)℄ MeV[15, 16℄. The mass and, in partiular, the deay widthof Yb(10890) di�er from the Partile Data Group entriesassigned to the �(5S) [3℄. We propose that the statesZb and Z 0b seen in the deays of Yb(10890) are themselvesharged tetraquark andidates having the avor on�gu-ration [bu℄[�b �d℄ (and harge onjugates) (see Refs. [17, 18℄for earlier suggestions along these lines). Their neutralisospin ounterparts with I3 = 0 have JPC = 1+� andtheir masses were alulated in the e�etive Hamiltonianapproah in [12℄. Ignoring the small isospin-breaking ef-fets [12, 19℄, Zb and Z 0b have the same masses as those oftheir neutral ounterparts. As shown below, these esti-mates yield a too large value for �mZb ompared to theBelle measurement.However, threshold e�ets and ommon deay han-
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2nels may play an important role beyond what an bedesribed by the onstituent quark model and its tran-sribed form adopted in [19℄ to work out the spetro-sopi aspets for the tetraquark states. In partiular,two hadroni states having the same quantum numbersmay mix due to dynamial e�ets, leading to di�erenesin their masses and deay widths. Typially, the result-ing mass shift is dominated by deays to the ommonstates and reets the partial widths to these states. Aase in point here is the mass di�erene between the D0and �D0, whih is dominated by suh ommon deay han-nels, and is usually alulated by the meson loops, as di-tated by the optial theorem [20℄. Following essentiallythe same line of argument, we quantify this e�et forthe two harged-bottomonium-like states Z�b and Z 0�b .We realulate the masses of Zb and Z 0b states by takinginto aount the meson loop ontributions involving theZweig-allowed two-body intermediate states B �B�, B� �B�,hb(mP )�, �(nS)� and �b�. Theoretial estimates pre-sented here aount for the observed masses; in partiu-lar, the preisely measured mass di�erene �mZb is re-produed in terms of the partial deay widths of Zb andZ 0b. This an be tested in future when the partial de-ay widths are measured preisely. In our approah, themass eigenstates Zb and Z 0b are rotated with respet tothe tetraquark spin states ~Zb and ~Z 0b, and we determinethis mixing angle.We also work out the orresponding meson loop e�etsfor the harged harmonium-like states Z� and Z 0� , witheah one of them belonging to an isotriplet. The massesof the eletrially neutral states have been alulatedand are predited to have typial values m(Z) = 3752MeV and m(Z 0) = 3882 MeV [19℄. Ignoring the smallisospin-breaking e�ets, these estimates apply for theharged ounterparts Z� and Z 0� as well. We �ndthat the meson-loop e�ets are in this ase dynami-ally suppressed, as detailed below. However, we doexpet that the prodution and deays of the Z� andZ 0� will essentially mimi the patterns seen for theirbottomonium ounterparts Z�b and Z 0�b . In partiular,Z� and Z 0� , whih are not measured so far, an besearhed for in the deays of the neutral JPC = 1��state Y (4260), via the proesses Y (4260)! Z� (3752)��and Y (4260) ! Z� (3882)��, with the subsequent de-ays (Z� (3752); Z� (3882))! (J= ; h)��.We start with the lassi�ation of the ~Zb and ~Z 0btetraquark states in terms of the spin and orbital an-gular momentum of the onstituent diquark and antidi-quark. The onept of diquark was introdued by Gell-mann in his epohal paper on quarks [21℄ and sine thenhas been widely disussed in the literature (for reviewson diquarks, see Refs. [22, 23℄). A diquark has positiveparity and may be a salar (spin-0, or \good" diquark) oran axial-vetor (spin-1, or \bad" diquark) [24{26℄ and isassumed to be a olor antitriplet 3. The states ~Zb and ~Z 0barise from the prodution and deays of Yb(10890), iden-ti�ed with a linear ombination of the two tetraquarkstates Y[bq℄ = [bq℄[�b�q℄ (q = u; d) having the spin and or-

bital momentum quantum numbers: S[bq℄ = 0, S[�b�q℄ = 0,S[bq℄[�b�q℄ = 0, L[bq℄[�b�q℄ = 1, with the total spin J[bq℄[�b�q℄ =1 [12℄. We shall be using a non-relativisti notation toharaterize the tetraquark states jS[bq℄; S[�b�q℄; J[bq℄[�b�q℄i, inwhih a matrix representation of the interpolating op-erators is used in terms of the 2 � 2 Pauli matries �i(i = 1; 2; 3): 0[QQ℄ � QT�2Q=p2, 1[QQ℄ � QT�2�iQ=p2and 0Q �Q � �QQ=p2, 1Q �Q � �Q�iQ=p2, Q being anyquark. The two tetraquark spin states ~Zb and ~Z 0b arerepresented asj ~Zbi = �0[bq℄ 
 1[�b�q℄ � 1[bq℄ 
 0[�b�q℄�=p2;j ~Z 0bi = 1[bq℄ 
 1[�b�q℄: (2)Performing a Fierz transformation, the avor and spinontent in the b�b
 q�q and b�q 
 q�b produt spae an bemade expliit:j ~Zbi = (�1�b�b 
 0�q�q + 0�b�b 
 1�q�q)=p2 = 1�b�q 
 1�q�b;j ~Z 0bi = (1�b�b 
 0�q�q + 0�b�b 
 1�q�q)=p2= (1�b�q 
 0�q�b + 0�b�q 
 1�q�b)=p2: (3)Eq. (3) shows that the ~Zb and ~Z 0b have similar ouplingstrengths with di�erent �nal states. The labels 0b�q and1b�q in Eq. (3) an be viewed as �B and �B�, respetively.It follows that ~Zb ouples to B� �B� state while ~Z 0b ouplesto B �B�. We stress that this identi�ation is in ontrastwith the moleular interpretation, in whih the transition~Z 0b ! B �B�+h:: is forbidden by the spin symmetry sine~Z 0b is assumed to be essentially a B� �B� moleule [4℄. Thisdi�erene an be tested in the future and is of great im-portane in order to distinguish between the tetraquarkand the hadroni moleule interpretations.In the e�etive Hamiltonian approah, the 2� 2 massmatrix for the S-wave 1+ tetraquarks M̂ is given by [19℄M̂ = �2m[bq℄ + 32�� �q�q + �b�b2 � I+� �a bb a � ; (4)where I is a 2�2 unit matrix, a = �=2+(�bq)�3��b�q andb = �q�q � �b�b. In the above (�bq)�3 aounts for the spin-spin interation between the quarks inside the diquarkand antidiquark, �q�q and �b�b are the ouplings aountingfor the interation between the the quarks in the diquarkto the antiquarks in the antidiquark, and � is the massdi�erene between the spin-1 and spin-0 diquarks. Usingthe default values of the parameters [12, 13℄ (in units ofMeV)�q�q = 79:5; �b�b = 9; �b�q = 5:75; (�bq)3 = 6; (5)yields the diquark mass m[bq℄ ' 5200 MeV (from theYb(10890) mass). The value of � is unertain, with � '200 MeV for the light quarks [26℄. Reduing its valuedrastially for the  and b quarks will redue the levelspaing of the orresponding tetraquark states for whihthe experimental evidene is rather sparse. Due to thelak of data, we adopt an admittedly somewhat arbitrary



3range � = (120�30) MeV for our numerial alulations.These parameters yield the following values for the twoharged tetraquark masses and the mass di�erenemZb = (10443+35�36)MeV; mZ0b = (10628+53�54)MeV;�mZb = 2pa2 + b2 = (185+21�18)MeV: (6)We note that the predition for �mZb given above ismuh larger than the experimental data, and there is noeasy-�x for this mismath at hand in terms of the pa-rameters in the e�etive Hamiltonian. Sine this Hamil-tonian [19℄ adequately desribes the mass spetrum ofthe exoti states disovered in the harm setor, we on-tinue to use this as our starting point and argue thatadditional dynamial ontributions to the mass matrixarise from the meson loops.With this premise, the renormalized masses an be ob-tained by omputing the two-point funtions. At the one-loop level, the self-energy orretions to the unperturbedpropagator �(p2)g�� , depited in Fig. 1, are written as�i(g�� � p�p�=p2)p2 � M̂2 i�(p2)g���i(g�� � p�p�=p2)p2 � M̂2 : (7)Taking the hb� state as an example, we �nd�(s) = g ~Z(0)b hb�g�~Z(0)b hb�(4�)2 Z 10 dxs�h1� log � ��2 �i; (8)where � = x2s � xs + xm2� + (1 � x)m2hb � i�, and theoupling onstants appearing above are de�ned throughthe hadroni interationL = �����g ~Z(0)b hb��� ~Z(0)�b ��h�b � + h::: (9)In deriving �(s), the MS sheme in the unitarity gaugehas been used to remove the UV divergene with thesale � � mZ(0)b . We reall that the real parts of�(s) ontribute to the mass matrix, while the imag-inary parts of �(s) are related to the deay widthsof ~Zb and ~Z 0b. In partiular, the transitions ~Zb !(�(nS)�; hb(mP )�; �b(nS)�)! ~Z 0b ontribute to the o�-diagonal terms in the 2� 2 mass matrix and provide sig-ni�ant e�ets on the mixing of the two tetraquark-spineigenstates.The meson loop orretions due to the di�erenthadroni hannels an be viewed as renormalizing the\bare" mass for the states predited in the onstituenttetraquark model. We are interested in the relative massshifts whih are reeted by the genuine part of the loopontributions Re�gen(s). These an be obtained by asubtration proedure at a suitable mass sale s0 [27℄:Re�gen(s) = Re�(s)�Re�(s0): (10)Setting the sale s0 needs a presription. It is reason-able to hoose s0 as the mass squared of the lowest lyingbound state for a given quark avor, whih we take as theJPC = 0++ salar tetraquark state. A di�erent hoie,

Z̃
(′)
b Z̃

(′)
b Z̃b Z̃ ′

b

B̄∗

B(∗)

Υ(nS), hb(mP ), ηb(nS)

π, ρ

(a) (b)FIG. 1. Two-body meson-loop orretions to the funtion�(s) de�ned in Eq. (8). The intermediate states B(�) �B� on-tribute only to the diagonal terms in the mass matrix while�(nS)�, hb(mP )� and �b(nS)� ontribute to both the diag-onal and non-diagonal terms.namely s0 = 4m2[bq℄, will slightly modify our results andthe e�ets aused by the ambiguity in s0 will be inor-porated in estimating the systemati unertainties in ourapproah.Inluding the loop orretions, we now have the follow-ing struture for the 2� 2 mass matrixM = M̂ +Xi i� � ~Zbi �q� ~Zbi � ~Z0bi�q� ~Zbi � ~Z0bi � ~Z0bi �; (11)where i runs over the two-body hannels shown in Fig. 1;the oeÆients i(s; s0) are de�ned asi(s; s0) � �Re�gen(s)2 Im�(s) ; (12)in whih s is taken as the physial mass squared fromthe data and Re�gen(s) is determined as in Eq. (10).The sign in the �(nS)� ontributions to the o�-diagonalterms is reversed due to the spin symmetry as shown inEq. (3). In the ase of open bottommesons, the B �B� loopimpats on M22 while B� �B� modi�es M11. Note, thatvia the optial theorem the imaginary parts are diretlyrelated to the deay widths, and our parametrization inEq. (11) makes this manifest.Choosing the subtration point as s0 = [(10:385 �0:05)GeV℄2, whih orresponds to the mass of the lowest(0++) tetraquark state with a hidden b�b quark ontent,we estimate the following values for the oeÆients i(ignoring errors on the smaller is):hb(2P )� �b� hb(1P )� B �B�45+11�10 �1:1 3� 1 �1:1 :For the analysis of �(nS)� ontribution, the LagrangianL = gV Z(0)b �V �Z(0)b�� with V = Yb;�(nS) gives�(s) = �g ~Z(0)b �(nS)�g�~Z(0)b �(nS)�(4�)2 Z 10 dxh� log � ��2 �+ �2m2�(nS) log � ��2 �� �2m2�(nS) i; (13)
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FIG. 2. Dependene of the oeÆients i on the subtra-tion sale s0 alulated with the Lagrangian in Eq. (15).The frames (a) to (g) orrespond to the intermediate statesi = �(1S)�;�(2S)�;�(3S)�; hb(1P )�; hb(2P )�; �b�;BB�,respetively.with � = x2s� xs + xm2� + (1� x)m2�(nS) � i� and therelevant oeÆients are predited as�(1S)� = �0:01; �(2S)� = �0:1;�(3S)� = �1:3: (14)The expression for ontributions from the Z(0)b ! �b�hannel is similarly obtained by replaing the vetor�(nS) by � and the pseudosalar � by �b.Instead of the Lagrangian spei�ed above, using the

Lagrangian with the derivative of the pion �eld whih isinspired by the hiral symmetryL = gV Z(0)b �V �i $� � Z(0)b� i���; (15)we have�(s) = �g ~Z(0)b �(nS)�g�~Z(0)b �(nS)�(4�)2 Z 10 dx�( �34m2�(nS) h4 log � ��2 �� 5i� �24m2�(nS) h3(4m2�(nS) + s(2� 3x2)) log � ��2 ���8m2�(nS) + 12sx2 � 7si+ �s2m2�(nS) h[(8x2 � 4)m2�(nS) � (x2 � 1)2s℄+[(8� 12x2)m2�(nS) + s(1� x2)2℄ log � ��2 �i�s2(x2 � 1)2 log � ��2 �) : (16)This expression yields larger values for the oeÆients�(nS)�: �(1S)� = �0:7; �(2S)� = �2:1;�(3S)� = �6:5: (17)It should be noted that these numbers are muh largerthan the ones in Eq. (14), due to the fat that the pionmomentum oming from the derivative in Eq. (15) issmall in the Z(0)b rest frame and thus suppresses the par-tial deay width and hene the denominator in the de�-nition of i as in Eq. (12).The dependene of these oeÆients on the subtrationsale is shown in Fig. 2, where the Lagrangian in Eq. (15)has been used. The striking result is that the oeÆienthb(2P )� dominates by far all the others. The main rea-son for the dominane of the oeÆient hb(2P )� is thatthe limited phase spae and the p-wave deay haraterof Z(0)b ! hb(2P )� result in a omparably small value forthe imaginary part of �(s) ompared to its real part. InRef. [28℄, Belle ollaboration has reported the measure-ments of the ross setions for e+e� ! �(nS)�+�� ande+e� ! hb(mP )�+�� near the peak of the �(5S) res-onane. Using the �nal state �(2S)�+�� as normaliza-tion, they found that the ratios of the various ross se-tions are typially all of order 1. Thus, the partial widthsfor the di�erent �nal states listed are omparable, whihsuggests a value of O(1) MeV for eah of them [1℄. Thus,the domination of the hb(2P )� hannel in the meson-looporretions to the 1+� mass matrix is a onsequene ofthis hannel having the largest oeÆient and the anti-ipated sizable partial deay width of Z(0)b ! hb(2P )�.This is worked out quantitatively later.
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FIG. 3. Dependene of the oeÆients i for hadroni deayhannels of the harmonium-likeZ(0) states on the subtrationsale s0 alulated with the Lagrangian in Eq. (15). Thepanels (a) to (e) orrespond to the intermediate states i =J= �;  (2S)�; h�; ��;DD�, respetively.For omparison, we have performed the same alula-tion for the hidden-harm tetraquark states whose massesare alulated in the onstituent diquark model by Ma-iani et al. [19℄, prediting the masses of the two 1+� �hidden tetraquark states asmZ = 3:752 GeV; mZ0 = 3:882 GeV: (18)This yields a mass di�erene �mZ = 130 MeV. Ignor-ing the isospin symmetry breaking e�ets, typially a fewMeV, the above estimates hold also for the harged oun-terparts. Sine the above masses are very lose to theestimate of the mass of the lightest salar JPC = 0++tetraquark state, mS = 3:723 GeV [19℄, the genuinemeson-loop ontributions, after subtration, are expetedto be small. We show the orresponding oeÆients forvarious hadroni hannels in Fig. 3, where in order to de-termine the imaginary part the mass for the higher 1+�state has been used as the physial mass. A striking dif-ferene between the oeÆients shown in Figs. 2 and 3
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FIG. 4. Constrained partial deay widths from the Zb andZ0b masses measured by Belle. The left-hand panel showsthe onstraint on the partial deay widths of the tetraquarkeigenstates ~Zb and ~Z0b. The irular (green) ontour is ob-tained by the mass di�erene �mZb = 45�2:5 MeV, while theslanted vertial (blue) band results from the averaged mass(mZb +mZ0b)=2 = 10629:7 � 2:5 MeV for the default values� = 120 MeV and hb(2P )� = 45. In the right-hand panel, theorresponding onstraints on Zb and Z0b partial deay widthsare depited. The solid (blak) region results from defaultvalues, while the extended (red) region is obtained by varyingthese two parameters, as stated in the text.is the absene of the oeÆient h(2P )� in Fig. 3, as thedeays Z(0) ! h(2P )� are not allowed kinematially.Assuming that the partial deay widths in the varioushannels J= �;  (2S)�; h(1P )�; �� et. are of order 1MeV, as in the deays of the Z(0)b , we antiipate that theorretions due to the meson loops in the Z - Z 0 mix-ing are also typially of the same order, namely order1 MeV, hene not signi�ant. Thus, unlike the massesof the Zb -Z 0b omplex, the masses for the hidden-harmtetraquarks alulated in Ref. [19℄ are not expeted to besigni�antly modi�ed by meson-loop e�ets.As already remarked, the 1+� relatives of the Zb andZ 0b states in the harm setor, Z and Z 0, in our model areexpeted to be produed in the deays of a 1�� hidden-harm tetraquark. The state Y (4260) �ts the bill. Theenhanement of the ross setions for e+e� ! J= �+��and e+e� ! h�+�� seen by the CLEO ollaboration atthe enter-of-mass energy around 4.26 GeV [29℄ is verylikely a signature of their existene. In order to on�rmor negate this sanrio, we suggest our experimental ol-leagues to san over this mass region more preisely.Returning to the disussion of the mass di�erene ofthe 1+ tetraquarks in the hidden b�b setor, we note thatit is approximately given as �mZb = 2pa02 + b02, wherea0 = a � i(� ~Zbi � � ~Z0bi )=2, b0 = b � iq� ~Zbi � ~Z0bi and idenotes hb(2P )�, as we keep only the dominant ontri-bution. The orresponding mass eigenstates arejZbi = os �Zb j ~Zbi � sin �Zb j ~Z 0bi;jZ 0bi = sin �Zb j ~Zbi+ os �Zb j ~Z 0bi; (19)with �Zb = tan�1[b0=(a0 +�mZb=2)℄.In Fig. 4, we show the onstrained partial deay widths



6from the masses observed by Belle. The left panel showsthe onstraints on the widths of the tetraquark masseigenstates ~Z(0)b for the default values of � and hb(2P )�.In the spin-symmetry limit, � ~Zbi and � ~Z0bi are equal. Asseen in this panel, the resulting ontours interset at tworegions, the lower one of whih implies large symmetrybreaking e�ets and hene is not entertained any further.The upper region in whih the two ouplings di�er by ap-proximately 40% is further analyzed. In the right-handpanel, the orresponding onstraints on the Zb and Z 0bpartial deay widths are depited. The blak region de-notes the default values of � and i given above, whilethe extended (red) region is obtained by the variations ofthese two parameters in the ranges � = (120� 30)MeVand hb(2P )� = 45+11�10. Based on this, we estimate�Zb = (�19+13�17)Æ;�(Zb ! hb(2P )�) = (1:7+1:3�1:2)MeV;�(Z 0b ! hb(2P )�) = (2:5+2:5�1:5)MeV: (20)We note that the mixing angle is small, implying that themass eigenstates are lose to their respetive tetraquarkspin states. From the partial widths given above, weextrat the relative strength of the oupling onstantsrhb(2P )� � jgZ0bhb(2P )�=gZbhb(2P )�j = 1:2+1:1�0:5: (21)In the Belle data [1℄, the ratio rhb(2P )� is not mea-sured diretly; what is reported is the ratio aiei�i �gYbZ0b� � gZ0bi=(gYbZb� � gZbi), whih are produts of theprodution and the orresponding deay amplitudes ofthe Zb and Z 0b in the given �nal states. The updatedvalue in [1℄ is ahb(2P )� = 1:6+0:6+0:4�0:4�0:6. An analysis toestimate the relative amplitudes in all �ve �nal states re-ported in Table I in [1℄ is in progress in the tetraquarkontext. We antiipate that the ouplings in the pro-dution amplitudes involving Zb and Z 0b are similar, i.e.,jgYbZ0b�j ' jgYbZb�j and hene rhb(2P )� = ahb(2P )� , inagreement with the Belle data.Using the Lagrangian given in Eqs. (9) and (15),we have the following amplitudes for the deays Yb !�(nS)�+�� and Yb ! hb(mP )�+��iM(Yb ! �(nS)�+��) = AnZb + igYbZb�gZb�(nS)��Yb � ���(nS)�(BW�(nS)�+Zb + a�(nS)�ei��(nS)�BW�(nS)�+Z0b )(m2Yb � p2�(nS)�+)(p2�(nS)�+ �m2�(nS)) + (�+ ! ��)	;iM(Yb ! hb(mP )�+��) = A0nZb � igYbZb�gZbhb��������Ybp�hb(mP )���hb(mP )�p��+(m2Yb � p2hb(mP )�+)[BWhb(mP )�+Zb+ahb(mP )�ei�hb(mP )�BWhb(mP )�+Z0b ℄ + (�+ ! ��)	; (22)with BWiZ(0)b = [p2i �m2Z(0)b + imZ(0)b �Z(0)b ℄�1: Belle mea-surements show that the ais are roughly 1 within errors,while the phases �i are lose to either 0 or 180Æ, thoughthe errors are rather large. It is worth pointing out thatthe momentum dependene arising from the interation

Lagrangian given in Eq. (15) are not taken into aountin the parametrization adopted by Belle. Although therelative strength of the amplitudes, namely aiei�i , is nota�eted, the ���(nS) and ��hb(mP ) spetrum distri-butions will be modi�ed. AnZb and A0nZb refer to thenon-Z(0)b amplitudes in the indiated �nal states.The struture of AnZb was worked out in thetetraquark piture in great detail in Refs. [13, 14℄.As opposed to the amplitudes involved in typial di-pioni heavy Quarkonia transitions, suh as �(4S) !�(1S)�+��, whih are modeled after the Zweig-suppressed QCD multipole expansion [30℄, the ampli-tudes for the deays Yb(10890) ! �(nS)�+�� are notZweig-forbidden, and hene they are signi�ant. In ad-dition, they lead to a resonant struture in the �� in-variant mass spetrum. This is most marked in the�(1S)�+�� mode in the form of the resonanes f0(980)and f2(1270). The measured dipioni invariant massspetra by Belle in these �nal states is in onformity withthe preditions [13, 14℄. On the other hand, the ampli-tudes A0nZb in the deays Yb(10890)! hb(mP )�+�� areexpeted to be neither resonant nor numerially signif-iant. Only the transition Yb(10890) ! hb(1P )f0(980)is marginally allowed, heavily suppressed by the phasespae and the P -wave deay harater. The state f0(600)(or �(600)) ontributes, in priniple. However, as this is avery broad resonane, the higher mass part is again sup-pressed by the phase spae and hene the ontributionof the f0(600) in the deay Yb(10890) ! hb(1P )f0(600)is both small and diÆult to disern. This feature isalso in aord with the Belle data [1℄. Finally, we notethat the absene of any anomalous prodution of thestates (�(nS)�+��; hb(mP )�+��) in the deays of thebottomonium state �(11020) [16℄ is antiipated in thetetraquark piture, as opposed to the hadroni moleu-lar interpretation of the Zb and Z 0b for whih the deays�(11020) ! Z(0)�b �� ! �(nS)�+��; hb(mP )�+�� areexpeted to be enhaned by the larger phase spae om-pared to the orresponding deays from the �(5S).In summary, we have presented a tetraquark inter-pretation of the two observed states Z�b (10610) andZ�b (10650). Combining the e�etive diquark-antidiquarkHamiltonian with the meson-loop indued e�ets, weare able to aount for the observed masses in termsof the deay widths for the dominant hannel Z(0)�b !hb(2P )��, obtaining a ratio for the relative deay am-plitudes in the deays Z(0)�b ! hb(mP )�� whih agreeswith the Belle data. Together with the resonant �� stru-ture in the deay modes Yb(10890)! �(nS)�+��, �rstworked out in [13, 14℄, this Letter provides additionalsupport to the tetraquark hypothesis involving the statesYb(10890), Z�b (10610) and Z�b (10650). Preise spetro-sopi measurements foreseen at the Super-B fatoriesand at the LHC will provide de�nitive answers to severalissues raised here and will help resolve the urrent andlong-standing puzzles in the exoti bottomonium setor.We aknowledge helpful disussions with Feng-kun
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