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Introduction

Special place: Z(4430)± → ψ(2S) π± ⇔ minimal quark content |ccud〉
⇐ can not be an ordinary meson

B-factories ⇒
m

y 
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lk

Observation of Z(4430)±

Observation of anomalous ϒ(1S)π+π- and ϒ(2S)π+π- production near ϒ(5S)
Anything unexpected in bottomonium sector?

1++,2-+
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Observation of resonance-like structure in 
ψ(2S)π± mass spectrum for B→ψ(2S)Kπ+ decays

Z(4430)±
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Reconstruction of B → ψ(2S) K π+

605fb-1
ψ(2S) → J/ψ π+π- ,

μ+μ- , e+e-
J/ψ → μ+μ- , e+e-K = K- or KS

⇒ Clean B → ψ(2S) K π+ signal.

N = 2579 ± 58
S/(S+B) = 87%

Mbc ΔE

Use ϒ(4S) → BB decay kinematics



5M(Kπ)

Dalitz plot of B → ψ(2S) K π+
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K*(890)    = 1742 ± 59  evts
K2*(1430) = 103 ± 36  evts

M[ψ(2S)π+]

Z(4430)+

K* veto
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M[ψ(2S)π±] projection

M[ψ(2S)π±]

⇒ Strong narrow signal in M[ψ(2S)π±] with very low background.

K*(892) and K*2(1430) veto applied

Mbc ΔE

ΔE sideband bkg

Z(4430)±
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Fit results

Significance 6.5σ (for 3 d.o.f.).

Fit: S-wave BW 
+ phase space-like functionBelle

0708.1790
PRL

Cf Γ, MeV
Y(3940)    33
Y(4260)  ∼90
Y(4350)    74
Y(4620)    48

M[ψ(2S)π±]

Z(4430)±

C.f. Y(3940) BF=7×10-5
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Cross-checks

Compare data subsamples ⇒

⇒ Significant signals @ ∼4433MeV in all subsets.

B generic MC ⇒ not reflection.
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Cross-checks (2)

ψ’
π

K

θπ

M[ψ(2S)π] & cosθπ
are tightly correlated

Z(4430)±

Can interference of S-, P- and D-waves reproduce the peak?

Not without introducing other, even more dramatic 
features at other cosθπ (&,∴, other Mψ’π) values.

cosθπ
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Interpretation

Z(4430)± mass is close to D*D1(2420) threshold.

S-wave threshold effect

D*D1(2420) molecule

[c u] [c d] tetraquark

JP = 0-, (1-, 2-)

JP = 1+

Z(4430)± → D*D*π

Z(4430)± → DD*, D*D*, J/ψπ, J/ψρ, ηcρ ψ(2S)π DD
Z(4430)0 → ψ(2S) π0/η, ηc(2S) ρ0/ω
Z(4340)±→ ψ(2S)π

We need more statistics to determine Z(4430)± spin and parity.
Hunting other decay modes is important.

Maiani,Polosa,Riquer 0708.3997

Rosner, PRD76,114002

Meng, Chao, 0708.4222
Lee,Mihara,Navarra,Nielsen 0710.1029
Liu,Liu,Deng,Zhu, 0711.0494 
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Observation of anomalous ϒ(1S)π+π-

and ϒ(2S)π+π- production near ϒ(5S)
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Introduction

Belle collected 21.7fb-1 at ϒ(5S) (June 9-31, 2006)
CLEO 0.42fb-1

Primary goal – rare Bs decays. 

21.7fb-1

477fb-1

Belle, BaBar operate at ϒ(4S) ⇒

Γ(ϒ(4S) → ϒ(1S) π+π-) = 1.8 ± 0.4 keV
ϒ(2S) π+π-) = 2.7 ± 0.8 keV

Is it possible to see ϒ(5S) → ϒ(nS) π+π- transitions?

20.5MeV
110 MeV

(statistics) (width) ⇒ expect limits only

477 fb−1

Hou, PRD 74, 017504 (2006)

PRL 96, 232001 (2006)

e.g. “Observation of Bs→ϕγ and search for Bs→γγ at Belle”,
0712.2659  →PRL.

BF ∼ 10-4

If ∃ bottom counterpart of Y(2460) (≡Yb) overlapping ϒ(5S) ⇒
enhancement of ϒ(nS) π+π- production @ ϒ(5S).

Reminder: Y(2460) → J/ψ π+π- rate is anomalously high.
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Reconstruction of ϒ(10860) → ϒ(nS) h+h-
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e+e- → μ+μ−γ[→ e+e−] ⇒ slanted 

3S3S

2S2S

1S1S

ϒ(nS) → μ+μ-

Select events  e+e- → μ+μ− + h+h − (+  X0

M(μ+μ-) vs. ΔM ≡ M(μ+μ-π+π-) – M(μ+μ-)

ϒ(10860) → ϒ(1S) π+π-

ϒ(10860) → ϒ(2S) π+π-

ϒ(10860) → ϒ(3S) π+π-

signal regions

kinematic
boundary

e+e- → γϒ(2S)→ ϒ(1S) π+π−

e+e- → γϒ(3S)→ ϒ(1S) π+π−

h = π, K
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Signal extraction
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ϒ(1086) → ϒ(nS)π+π−, ϒ(1S)K+K−

ϒ(1S)π+π−

ϒ(2S)π+π−

ϒϒ(3S)(3S)ππ++ππ−−

ϒϒ(1S)(1S)KK++KK−−

3.2σ

14σ

20σ

4.9σ
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Results

Cf
ϒ(2S) → ϒ(1S) π+π− ~ 6    keV
ϒ(3S) 0.9 keV
ϒ(4S) 1.8 keV

Assume signal events come only from ϒ(5S)

Is this ϒ(5S), or the Yb state? ⇒ Need energy scan to tell.
Comparison between σ(e+e-→ϒ(nS)π+π-) and σ(e+e-→hadrons).

Energy scan has been performed in Dec 6-17 2007 (7.9fb-1, 6 energy points).

Results are coming soon!

Belle
0710.2577

PRL
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Conclusions

Study of B → ψ(2S) K π+ decays ⇒ relatively narrow peak in M[ψ(2S)π±]

Significance 6.5σ.

Peak is too narrow to be due to interference of (Kπ) resonances.

Candidate for multiquark state? ⇒ More experimental studies required.

First observation of ϒ(1S) π+π-, ϒ(2S) π+π- transitions,  
first evidence for ϒ(2S) π+π-, ϒ(1S) K+K- production near ϒ(5S).

Γ(“ϒ(5S)” → ϒ(1S) π+π-)  = 0.59 ± 0.04 ± 0.09 MeV
Γ(“ϒ(5S)” → ϒ(2S) π+π-)  = 0.85 ± 0.07 ± 0.16 MeV
Γ(“ϒ(5S)” → ϒ(3S) π+π-)  = 0.52+0.20

-0.17 ±0.10 MeV

Two orders of magnitude higher than in other ϒ(nS)!

Yb is looming near? ⇒ energy scan in Dec 2007. Results to come.
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