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Mesonic spectroscopies beyond QM? 
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Candidates: “XYZ” 

Zb(10610)  10607 ± 2      18.4 ± 2.4     1+      π±hb(1,2P),π±Y(1,2,3S)   Yb/ Υ(5S)àπ Zb(10610)±       
Zb(10650)  10652 ± 2      11.5±2.2       1+     π±hb(1,2P),π±Y(1,2,3S)  Yb/Υ(5S)àπZb(10650)±       



Discovery in Yb/ϒ(5S)èϒ(nS)/hb(mP)π＋π— 

Zb(10610) M=10607.2±2.0 MeV Zb(10650) M=10652.2±1.5 MeV 

m
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B
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2m
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For discussion on Yb(10890) see Prof. Ahmed Ali’s talk  

Belle arXiv:1110.2251 
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Zbàϒ(1S)πè Two Zb states contain  a bb quark pair 
 
charge = ± 1 è Zbs must contain  additional light quarks 

“minimal” quark configuration : Four-quark states! 
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B-B* & B*-B* molecules? 
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B-B* “molecule” 

B* 

B* 
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b _ 
B*-B* “molecule” 

_ _ 

_ _ 

Zb(106010)± Zb(106050)± 

PDG:       MB + MB* = 10604.5±0.6 MeV MB* + MB* = 10650.2 ± 1.0 MeV 

Belle 
 1110.2251 

6 

M=10607.2±2.0 MeV M=10652.2±1.5 MeV 
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§  S-wave BB* and B*B* molecular states 
 
Bondar, Garmash, Milstein, Mizuk, Voloshin, arXiv:1105.4473 
Zhang, Zhong, Huang, arXiv:1105.5472      
Voloshin, arXiv:1105.5829      
Yang,Ping, Deng, Zong, arXiv:1105.5935 
Sun, He, Liu, Luo, Zhu, arXiv:1106.2968 
…… 

§  Tetraquark state 
 

Yang, Ping, Deng, Zong, arXiv:1105.5935 
Guo, Cao, Zhou, Chen, arXiv:1106.2284 
Ali, Hambrock, Wang, arXiv:1110.1333 
…… 

Theoretical explanation - exotic strucutes  



Zbàϒ(1S)πè Two Zb states must contain 
                        a bb quark pair 
 
charge = ± 1 è Zbs must contain 
                            additional light quarks 
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Tetraquark interpretation 



9 

Tetraquark interpretation 

Data: m(Zb(10610))=10607.2±2.0 MeV m(Zb(10650)=10652.2±1.5 MeV 

The naïve tetraquark model fails to explain the Zbs’ masses. 

Maiani, et.al 2005 
Ali, et.al, 2010 
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meson loop corrections 
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meson loop corrections 
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Including the loop corrections, we now have the follow-
ing structure for the 2⇥ 2 mass matrix

M = M̂ +
X

i

ci

✓
�Z̃b
i �

q
�Z̃b
i �

Z̃0
b

i

�
q

�Z̃b
i �

Z̃0
b

i �
Z̃0

b
i

◆
, (11)

where i runs over the two-body channels shown in Fig. 1;
the coe�cients ci are defined as ci ⌘ �Re⌃(s)/Im⌃(s)/2,
in which s is taken as the physical mass squared from
the data. The sign in the ⌥(nS)⇡ contributions to the
o↵-diagonal terms is reversed due to the spin symme-
try as shown in Eq. (3). In the case of open bottom
mesons, the BB̄

⇤ loop impacts on M22 while B⇤
B̄

⇤ mod-
ifies M11. Note, that via the optical theorem the imagi-
nary parts are directly related to the decay widths, and
our parametrization in Eq. (11) makes this manifest.

Choosing the subtraction point as s0 = [(10.385 ±
0.05)GeV]2, which corresponds to the mass of the lowest
(0++) tetraquark state, we estimate the following values
for the coe�cients ci (ignoring errors on the smaller cis):

chb(2P )⇡ c⌥(1S)⇡ c⌥(2S)⇡ c⌥(3S)⇡ c⌘b⇢ chb(1P )⇡ cBB̄⇤

45+11
�10 �0.01 �0.1 �1.3 �1.1 3± 1 �1.1

.

In these estimates the Lagrangian L = g

V Z(0)
b ⇡

V

µ
Z

(0)
bµ⇡

with V = Yb,⌥(nS) has been adopted. Instead using the
form inspired by the chiral symmetry

L = g

V Z(0)
b ⇡

V

µ
i

$
@ ⌫ Z

(0)
bµ i@

⌫
⇡, (12)

we obtain larger values for the coe�cients c⌥(nS)⇡:

c⌥(1S)⇡ = �0.7, c⌥(2S)⇡ = �2.1, c⌥(3S)⇡ = �6.5.

The main reason for the dominance of the coe�cient
chb(2P )⇡ is that the limited phase space and the p-wave

decay character of Z

(0)
b ! hb(2P )⇡ results in a small

value for the partial decay width and also the imaginary
part of ⌃(s). The mass di↵erence of the 1+ tetraquarks
is approximately given as �mZb = 2

p
a

02 + b

02, where

a

0 = a � ci(�
Z̃b
i � �

Z̃0
b

i )/2, b

0 = b � ci

q
�Z̃b
i �

Z̃0
b

i and i

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

|Zbi = cos ✓Zb |Z̃bi � sin ✓Zb |Z̃ 0
bi,

|Z 0
bi = sin ✓Zb |Z̃bi+ cos ✓Zb |Z̃ 0

bi, (13)

with ✓Zb = tan�1[b0/(a0 +�mZb/2)].
In Fig. 2, 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 Z̃(0)
b for the default values of � and chb(2P )⇡.

In the spin-symmetry limit, �Z̃b
i and �

Z̃0
b

i are equal. As
seen in this panel, the resulting contours intersect at two
regions, the lower one of which implies large symmetry
breaking e↵ects and hence is not entertained any further.
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FIG. 2. Constrained partial decay widths from the Zb and
Z0

b masses measured by Belle. The left-hand panel shows
the constraint on the partial decay widths of the tetraquark
eigenstates Z̃b and Z̃0

b. The circular (green) contour is ob-
tained by the mass di↵erence�mZb = 45±2.5 MeV, while the
slanted vertical (blue) band results from the averaged mass
(mZb + mZ0

b
)/2 = 10629.7 ± 2.5 MeV for the default values

� = 120 MeV and chb(2P )⇡ = 45. In the right-hand panel, the
corresponding constraints on Zb and Z0

b 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.

The upper region in which the two couplings di↵er by ap-
proximately 40% is further analyzed. In the right-hand
panel, the corresponding constraints on the Zb and Z

0
b

partial decay widths are depicted. The black region de-
notes the default values of � and ci given above, while
the extended (red) region is obtained by the variations of
these two parameters in the ranges � = (120 ± 30)MeV
and chb(2P )⇡ = 45+11

�10. Based on this, we estimate

✓Zb = (�19+13
�17)

�
,

�(Zb ! hb(2P )⇡) = (1.7+1.3
�1.2)MeV,

�(Z 0
b ! hb(2P )⇡) = (2.5+2.5

�1.5)MeV. (14)

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

rhb(2P )⇡ ⌘ |gZ0
bhb(2P )⇡/gZbhb(2P )⇡| = 1.2+1.1

�0.5. (15)

In the Belle data [1], the ratio rhb(2P )⇡ is not mea-
sured directly; what is reported is the ratio aie

i�i ⌘
gYbZ0

b⇡
⇥ gZ0

bi
/(gYbZb⇡ ⇥ gZbi), which are products of the

production and the corresponding decay amplitudes of
the Zb and Z

0
b in the given final states. The updated

value in [1] is ahb(2P )⇡ = 1.6+0.6+0.4
�0.4�0.6. An analysis to

estimate the relative amplitudes in all five final states re-
ported in Table I in [1] is in progress in the tetraquark
context. We anticipate that the couplings in the pro-
duction amplitudes involving Zb and Z

0
b are similar, i.e.,

|gYbZ0
b⇡
| ' |gYbZb⇡| and hence rhb(2P )⇡ = ahb(2P )⇡, in

agreement with the Belle data.
Using the Lagrangian given in Eqs. (9) and (12),

we have the following amplitudes for the decays Yb !
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FIG. 2. Constrained partial decay widths from the Zb and
Z0

b masses measured by Belle. The left-hand panel shows
the constraint on the partial decay widths of the tetraquark
eigenstates Z̃b and Z̃0

b. The circular (green) contour is ob-
tained by the mass di↵erence�mZb = 45±2.5 MeV, while the
slanted vertical (blue) band results from the averaged mass
(mZb + mZ0

b
)/2 = 10629.7 ± 2.5 MeV for the default values

� = 120 MeV and chb(2P )⇡ = 45. In the right-hand panel, the
corresponding constraints on Zb and Z0

b 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.

The upper region in which the two couplings di↵er by ap-
proximately 40% is further analyzed. In the right-hand
panel, the corresponding constraints on the Zb and Z

0
b

partial decay widths are depicted. The black region de-
notes the default values of � and ci given above, while
the extended (red) region is obtained by the variations of
these two parameters in the ranges � = (120 ± 30)MeV
and chb(2P )⇡ = 45+11

�10. Based on this, we estimate

✓Zb = (�19+13
�17)

�
,

�(Zb ! hb(2P )⇡) = (1.7+1.3
�1.2)MeV,

�(Z 0
b ! hb(2P )⇡) = (2.5+2.5

�1.5)MeV. (14)

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

rhb(2P )⇡ ⌘ |gZ0
bhb(2P )⇡/gZbhb(2P )⇡| = 1.2+1.1

�0.5. (15)

In the Belle data [1], the ratio rhb(2P )⇡ is not mea-
sured directly; what is reported is the ratio aie

i�i ⌘
gYbZ0

b⇡
⇥ gZ0

bi
/(gYbZb⇡ ⇥ gZbi), which are products of the

production and the corresponding decay amplitudes of
the Zb and Z

0
b in the given final states. The updated

value in [1] is ahb(2P )⇡ = 1.6+0.6+0.4
�0.4�0.6. An analysis to

estimate the relative amplitudes in all five final states re-
ported in Table I in [1] is in progress in the tetraquark
context. We anticipate that the couplings in the pro-
duction amplitudes involving Zb and Z

0
b are similar, i.e.,

|gYbZ0
b⇡
| ' |gYbZb⇡| and hence rhb(2P )⇡ = ahb(2P )⇡, in

agreement with the Belle data.
Using the Lagrangian given in Eqs. (9) and (12),

we have the following amplitudes for the decays Yb !

The coefficient for hb(2P)pi final state is largest! 
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meson loop corrections 
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FIG. 2. Constrained partial decay widths from the Zb and
Z0

b masses measured by Belle. The left-hand panel shows
the constraint on the partial decay widths of the tetraquark
eigenstates Z̃b and Z̃0

b. The circular (green) contour is ob-
tained by the mass di↵erence�mZb = 45±2.5 MeV, while the
slanted vertical (blue) band results from the averaged mass
(mZb + mZ0

b
)/2 = 10629.7 ± 2.5 MeV for the default values

� = 120 MeV and chb(2P )⇡ = 45. In the right-hand panel, the
corresponding constraints on Zb and Z0

b 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.

The upper region in which the two couplings di↵er by ap-
proximately 40% is further analyzed. In the right-hand
panel, the corresponding constraints on the Zb and Z

0
b

partial decay widths are depicted. The black region de-
notes the default values of � and ci given above, while
the extended (red) region is obtained by the variations of
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in which s is taken as the physical mass squared from
the data. The sign in the ⌥(nS)⇡ contributions to the
o↵-diagonal terms is reversed due to the spin symme-
try as shown in Eq. (3). In the case of open bottom
mesons, the BB̄

⇤ loop impacts on M22 while B⇤
B̄

⇤ mod-
ifies M11. Note, that via the optical theorem the imagi-
nary parts are directly related to the decay widths, and
our parametrization in Eq. (11) makes this manifest.

Choosing the subtraction point as s0 = [(10.385 ±
0.05)GeV]2, which corresponds to the mass of the lowest
(0++) tetraquark state, we estimate the following values
for the coe�cients ci (ignoring errors on the smaller cis):

chb(2P )⇡ c⌥(1S)⇡ c⌥(2S)⇡ c⌥(3S)⇡ c⌘b⇢ chb(1P )⇡ cBB̄⇤

45+11
�10 �0.01 �0.1 �1.3 �1.1 3± 1 �1.1

.

In these estimates the Lagrangian L = g

V Z(0)
b ⇡

V

µ
Z

(0)
bµ⇡

with V = Yb,⌥(nS) has been adopted. Instead using the
form inspired by the chiral symmetry

L = g

V Z(0)
b ⇡

V

µ
i

$
@ ⌫ Z

(0)
bµ i@

⌫
⇡, (12)

we obtain larger values for the coe�cients c⌥(nS)⇡:

c⌥(1S)⇡ = �0.7, c⌥(2S)⇡ = �2.1, c⌥(3S)⇡ = �6.5.

The main reason for the dominance of the coe�cient
chb(2P )⇡ is that the limited phase space and the p-wave

decay character of Z

(0)
b ! hb(2P )⇡ results in a small

value for the partial decay width and also the imaginary
part of ⌃(s). The mass di↵erence of the 1+ tetraquarks
is approximately given as �mZb = 2

p
a

02 + b

02, where

a

0 = a � ci(�
Z̃b
i � �

Z̃0
b

i )/2, b

0 = b � ci

q
�Z̃b
i �

Z̃0
b

i and i

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

|Zbi = cos ✓Zb |Z̃bi � sin ✓Zb |Z̃ 0
bi,

|Z 0
bi = sin ✓Zb |Z̃bi+ cos ✓Zb |Z̃ 0

bi, (13)

with ✓Zb = tan�1[b0/(a0 +�mZb/2)].
In Fig. 2, 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 Z̃(0)
b for the default values of � and chb(2P )⇡.

In the spin-symmetry limit, �Z̃b
i and �

Z̃0
b

i are equal. As
seen in this panel, the resulting contours intersect at two
regions, the lower one of which implies large symmetry
breaking e↵ects and hence is not entertained any further.
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FIG. 2. Constrained partial decay widths from the Zb and
Z0

b masses measured by Belle. The left-hand panel shows
the constraint on the partial decay widths of the tetraquark
eigenstates Z̃b and Z̃0

b. The circular (green) contour is ob-
tained by the mass di↵erence�mZb = 45±2.5 MeV, while the
slanted vertical (blue) band results from the averaged mass
(mZb + mZ0

b
)/2 = 10629.7 ± 2.5 MeV for the default values

� = 120 MeV and chb(2P )⇡ = 45. In the right-hand panel, the
corresponding constraints on Zb and Z0

b 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.

The upper region in which the two couplings di↵er by ap-
proximately 40% is further analyzed. In the right-hand
panel, the corresponding constraints on the Zb and Z

0
b

partial decay widths are depicted. The black region de-
notes the default values of � and ci given above, while
the extended (red) region is obtained by the variations of
these two parameters in the ranges � = (120 ± 30)MeV
and chb(2P )⇡ = 45+11

�10. Based on this, we estimate

✓Zb = (�19+13
�17)

�
,

�(Zb ! hb(2P )⇡) = (1.7+1.3
�1.2)MeV,

�(Z 0
b ! hb(2P )⇡) = (2.5+2.5

�1.5)MeV. (14)

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

rhb(2P )⇡ ⌘ |gZ0
bhb(2P )⇡/gZbhb(2P )⇡| = 1.2+1.1

�0.5. (15)

In the Belle data [1], the ratio rhb(2P )⇡ is not mea-
sured directly; what is reported is the ratio aie

i�i ⌘
gYbZ0

b⇡
⇥ gZ0

bi
/(gYbZb⇡ ⇥ gZbi), which are products of the

production and the corresponding decay amplitudes of
the Zb and Z

0
b in the given final states. The updated

value in [1] is ahb(2P )⇡ = 1.6+0.6+0.4
�0.4�0.6. An analysis to

estimate the relative amplitudes in all five final states re-
ported in Table I in [1] is in progress in the tetraquark
context. We anticipate that the couplings in the pro-
duction amplitudes involving Zb and Z

0
b are similar, i.e.,

|gYbZ0
b⇡
| ' |gYbZb⇡| and hence rhb(2P )⇡ = ahb(2P )⇡, in

agreement with the Belle data.
Using the Lagrangian given in Eqs. (9) and (12),

we have the following amplitudes for the decays Yb !
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bi

gYbZb⇡ ⇥ gZbi
,

ahb(2P )⇡ = 1.6+0.6+0.4
�0.4�0.6 (16)

Using the Lagrangian given in Eqs. (9) and (12),
we have the following amplitudes for the decays Yb !
⌥(nS)⇡+

⇡

� and Yb ! hb(mP )⇡+
⇡

�

iM(Yb ! ⌥(nS)⇡+
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2
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0
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� igYbZb⇡gZbhb⇡✏µ⌫↵�
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⌫
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↵
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⇤�
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�
p

µ
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2
Yb

� p

2
hb(mP )⇡+)[BW

hb(mP )⇡+

Zb

+ahb(mP )⇡e
i�hb(mP )⇡BWhb(mP )⇡+

Z0
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with BWi
Z(0)

b

= [p2i �m

2
Z(0)

b

+ im

Z(0)
b
�
Z(0)

b
]�1

. Belle mea-

surements show that the ais are roughly 1 within errors,
while the phases �i 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. (12) are not taken into account
in the parametrization adopted by Belle. Although the
relative strength of the amplitudes, namely aie

i�i , is not
a↵ected, the ⇡

±⌥(nS) and ⇡

±
hb(mP ) spectrum distri-

butions will be modified. AnZb and A

0
nZb

refer to the

non-Z(0)
b amplitudes in the indicated final states.

The structure of AnZb was worked out in the
tetraquark picture in great detail in Refs. [13, 14].
As opposed to the amplitudes involved in typical di-
pionic heavy Quarkonia transitions, such as ⌥(4S) !
⌥(1S)⇡+

⇡

�, which are modeled after the Zweig-
suppressed QCD multipole expansion [24], the ampli-
tudes for the decays Yb(10890) ! ⌥(nS)⇡+

⇡

� are not
Zweig-forbidden, and hence they are significant. In ad-
dition, they lead to a resonant structure in the ⇡⇡ in-
variant mass spectrum. This is most marked in the
⌥(1S)⇡+

⇡

� mode in the form of the resonances f0(980)
and f2(1270). The measured dipionic invariant mass
spectra by Belle in these final states is in conformity with
the predictions [13, 14]. On the other hand, the ampli-
tudes A0

nZb
in the decays Yb(10890) ! hb(mP )⇡+

⇡

� are
expected to be neither resonant nor numerically signif-
icant. Only the transition Yb(10890) ! hb(1P )f0(980)
is marginally allowed, heavily suppressed by the phase
space and the P -wave decay character. The state f0(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 f0(600) in the decay Yb(10890) ! hb(1P )f0(600)
is both small and di�cult to discern. This feature is
also in accord with the Belle data [1]. Finally, we note

that the absence of any anomalous production of the
states (⌥(nS)⇡+

⇡

�
, hb(mp)⇡+

⇡

�) in the decays of the
bottomonium state ⌥(11020) [16] is anticipated in the
tetraquark picture, as opposed to the hadronic molecu-
lar interpretation of the Zb and Z

0
b for which the decays

⌥(11020) ! Z

(0)±
b ⇡

⌥ ! ⌥(nS)⇡+
⇡

�
, hb(mp)⇡+

⇡

� are
expected to be enhanced by the larger phase space com-
pared to the corresponding decays from the ⌥(5S).

In summary, we have presented here a tetraquark in-
terpretation of the two observed states Z

±
b (10610) and

Z

±
b (10650). Combining the e↵ective diquark-antidiquark

Hamiltonian with the meson-loop induced e↵ects, we
are able to account for the observed masses in terms
of the decay widths for the dominant channel Z(0)±

b !
hb(2P )⇡±, obtaining a ratio for the relative decay am-

plitudes in the decays Z

(0)±
b ! hb(mP )⇡± which agrees

with the Belle measurements. Together with the res-
onant ⇡⇡ structure in the decay modes Yb(10890) !
⌥(nS)⇡+

⇡

�, first worked out in [13, 14], this Let-
ter provides additional support to the tetraquark hy-
pothesis involving the states Yb(10890), Z

±
b (10610) and

Z

±
b (10650). Precise spectroscopic 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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u The two charged Zb states are exotic  
and may play an important role to  
understand QCD dynamics in bottomonium sector 
 
u Naïve tetraquark model fails to explain the mass of Zb states 

u We consider the meson loop corrections to the Zb spectrum  

u With the measured Zb masses, we have derived 
 the partial decay widths of Zb  into hb(2P)π final state.  
   
 

Summary 

Thank you for your attention! 


