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Outline

■ Motivation
■ Tetraquark vs Hadronic Molecules
■ Zb(10610) and Zb(10650) as Tetraquarks

Can these two states be accommodated in the tetraquark
model (diquark-antidiquark)?

■ Implications
■ Summary
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Motivation

Quark model:
Hadrons are composed of 2
or 3 quarks (meson, baryon)

However QCD allows ha-
drons with Nquarks ̸= 2, 3.

Most prominent explanations of exotica
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Exotica Candidates

[Zupanc et al. 09] , [Bondar et al., PRL 12] , [Liu et al., 13] , [Ablikim et al., 13]
State M (MeV) Γ (MeV) JPC Decay Modes Production Modes date

e+e− (ISR)
Ys(2175) 2175 ± 8 58 ± 26 1−− ϕf0(980) J/ψ → ηYs(2175) 2006

π+π− J/ψ,
X(3872) 3871.4 ± 0.6 < 2.3 1++ γJ/ψ,DD̄∗ B → KX(3872), pp̄ 2003
Zc(3900) 3899 ± 6 46 ± 22 1+ π± J/ψ Y(4260) → Zc(3900)π 2013
X(3915) 3914 ± 4 28+12

−14
0/2++ ωJ/ψ γγ → X(3915) 2009

Z(3930) 3929 ± 5 29 ± 10 2++ DD̄ γγ → Z(3940) 2009
DD̄∗ (not DD̄

X(3940) 3942 ± 9 37 ± 17 0?+ or ωJ/ψ) e+e− → J/ψX(3940) 2005
Y(3940) 3943 ± 17 87 ± 34 ??+ ωJ/ψ (not DD̄∗ ) B → KY(3940)

2005

Y(4008) 4008+82
−49

226+97
−80 1−− π+π− J/ψ e+e− (ISR) 2005

X(4160) 4156 ± 29 139+113
−65 0?+ D∗D̄∗ (not DD̄) e+e− → J/ψX(4160) 2008

Y(4260) 4264 ± 12 83 ± 22 1−− π+π− J/ψ e+e− (ISR) 2005
Y(4350) 4361 ± 13 74 ± 18 1−− π+π−ψ′ e+e− (ISR) 2007
X(4630) 4634+9

−11
92+41
−32 1−− Λ+

c Λ−
c e+e− (ISR) 2008

Y(4660) 4664 ± 12 48 ± 15 1−− π+π−ψ′ e+e− (ISR) 2007
Z(4050) 4051+24

−23 82+51
−29 ? π±χc1 B → KZ± (4050) 2008

Z(4250) 4248+185
−45

177+320
−72 ? π±χc1 B → KZ± (4250) 2008

Z(4430) 4433 ± 5 45+35
−18

? π±ψ′ B → KZ± (4430) 2007

Zb(10610) 10, 607 ± 2 18.4 ± 2.4 1+ π±hb(1, 2P), π±Υ(1, 2, 3S) Yb/Υ(5S) → Zb(10610)π 2011
Zb(10650) 10, 652 ± 2 11.5 ± 2.2 1+ π±hb(1, 2P), π±Υ(1, 2, 3S) Yb/Υ(5S) → Zb(10650)π 2011
Yb(10890) 10, 890 ± 3 55 ± 9 1−− π+π−Υ(1, 2, 3S) e+e− → Yb 2008
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Zb(10610)
Zb(10650)
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Belle arXiv:1110.2251
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Tetraquark building blocks: diquarks
For heavy quarks, the spin decouples. Heavy diquark building blocks:

Using these blocks, we construct the lowest-lying tetra-quarks:
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[bq][b̄q̄] Constituent Model Spectrum

■ HQ symmetry motivates fixing

■ states are iso-doublets q = u, d

■ tetraquark Zbmasses do not
agree with Belle

■ However tetraquarks with
mixing & self energy corrections
in principle allowed in parts of
parameter space [Ali,
Hambrock, WW, PRD 11]

..

[Ali, Hambrock, Ahmed, Aslam, PLB 10]
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What are the distinctive features of a tetraquark?
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Mesonic Molecules vs Tetraquarks

Mesonic Molecules

■ Mass: close to meson-meson threshold.

■ Γ(Zb → BB∗) ≫ Γ(Zb → Υπ) if
kinematically allowed.
See C.Hanhart’s talk for more remarks
on hadronic molecules.

Tetraquark based on Diquark-anti-diquark

■ Diquarks will be broke off in both cases:
Γ(Zb → BB∗) ∼ Γ(Zb → Υπ) if
kinematically allowed.
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Zb States: Molecule or Tetraquark?

Molecule Tetraquark

|Zb(10610)⟩ =
(
0bq̄ ⊗ 1b̄q + 1bq̄ ⊗ 0b̄q

)
/
√

2 |Zb(10610)⟩ =
(
0[bq] ⊗ 1[b̄q̄] − 1[bq] ⊗ 0[b̄q̄]

)
/
√

2

|Zb(10650)⟩ = 1bq̄ ⊗ 1b̄q |Zb(10650)⟩ = 1[bq] ⊗ 1[b̄q̄]

↓ Fierz ↓

|Zb(10610)⟩ = 1−bq̄ ⊗ 1−
qb̄

|Zb(10650)⟩ =
(
1−bq̄ ⊗ 0−

qb̄
+ 0−bq̄ ⊗ 1−

qb̄

)
/
√

2

Zb(10610) → BB̄∗ + B∗B̄ Zb(10610) → B∗B̄∗

Zb(10650) → B∗B̄∗ Zb(10650) → BB̄∗ + B∗B̄

.
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Zb Concluding Remarks

Tetraquark Molecule

PRO:
Fails to explain the decay pattern
for BB̄∗ channels

PRO:
Close to thresholds
Explains B(∗)B̄(∗) decay pattern

. . . but . . .
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Zb Concluding Remarks
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Zc(3900) Discovered!

For theoretical discussion on the nature of Zc(3900), See A.Pilloni’s talk
(tetraquark interpretation along the same line with this work) and Q. Zhao’s
talk (hadronic DD̄∗ molecules).
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Exotic Heavy Quarkonia
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Yb(10890) and Υ(5S)?
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Hadroproduction of Bottomonia

■ µ+µ− channel: Common particle detection for bottomonia

■ Above threshold difficult (BR(µ+µ−)drops)

present research focused on 1S, 2S, 3S

■ Different final states (e.g. µ+µ−π+π−) allow for exotic searches

Acquire knowledge of bottomonia above hadronic thresholds. On LHC, we use NRQCD to
derive:
σ(pp → Υ(5S)(→ µ+µ−π+π−)X) ∼ (1 − 10)pb. VERY PRELIMINARY! Ali, Hambrock, WW, in
preparation.

Non-prompt production of Zb(106XX), clarify nature of observed states
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Conclusions
■ The Fock state description of the four-quark states possibly admits admixture of

tetraquark (diquark-antidiquark) and hadronic molecular states. Data on Zb(10610) and
Zb(10650) decays favors a substantial hadronic molecular component.

■ Our anticipation to observe Zc via Y(4260) → J/ψπ+π− is confirmed by experiments.

■ Important puzzle remains:

To understand the composition of the four-quark states, it is essential to measure their
hadronic production cross sections, and to have more precise data on their decays.

Outlook
■ Hadroproduction of bottomonia and tetraquarks very interesting in the near future!

heaps of new states to be discovered/re-discovered.

Thank You!
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Zb Masses by Belle
[Belle Collaboration, PRL 12]
measured in:

■ Masses close to threshold:
No need for tetraquark scenario

■ However tetraquarks with
mixing & self energy corrections
[Ali, Hambrock, WW, PRD 11]

in principle allowed in parts
of parameter space
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