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Charmonium(-like) States from B Decays at Belle



 Most charmonium are well described by 

the quark potential model. (yellow & gray)

 But charmonium-like XYZ states do not fit 

into the conventional charmonium models. 

(red & purple)

 Since the B-Factories (BaBar and Belle) era, 

many charmonium (cc) states have been 

observed thank to the large statistics.

Charmonium(-like) states

Introduction

-
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 B decays

ex) X(3872) : B → K(π+π-J/ψ) (Belle, 2003)

 ISR (initial state radiation) production

ex) Zc(3900)+ : e+e- → γISRY(4260) → γISRπ-(π+J/ψ)

(BESIII, Belle, 2013)

Charmonium(-like) States Production

Introduction

B → K(cc)

(cc)

K

JPC = 0-+, 1--, 1++

 Charmonium-associated production with J/ψ mesons in e+e- annihilation
ex) e+e- → J/ψηc, J/ψχc0, J/ψηc(2S) (Belle, 2002)  

 Two-photon collision
ex) X(3915) : γγ → J/ψ ω (Belle, 2009), Z(3930) : γγ → DD (Belle, 2006)

-

-

_
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 Amplitude analysis of B0 → ψ(2S)K+π-

 quantum number measurement for Zc(4430)+

 Amplitude analysis of B0 → J/ψK-π+

 new charged state Zc(4200)+

 new decay channel Zc(4430)+ → J/ψ π+

 no evidence of Zc(3900)+ → J/ψ π+

 Search for X(3872)-like states decays to ηc modes

 Search for charmonium(-like) states in B → ppK

Recent Results on Charmonium(-like) States from B-decay at Belle 

Outline

_

_
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 Quantum number measurement in 2013 Found by Belle in 2007

The Charged Charmonium-like State Zc(4430)+

I. Amplitude analysis of B0 → ψ(2S)K+π-

Belle 657M BB Belle 772M BB

S.-K. Choi et al (Belle), PRL 100, 142001 (2008) K. Chilikin et al (Belle), PRD 88, 074026 (2013)

6.5 σ

5.2 σ
with Z(4430)

Zc(4430)+ → ψ(2S)π+ in B → ψ(2S)Kπ+ Zc(4430)- → ψ(2S)π- in B0 → ψ(2S)K+π-

without Z(4430)

K*(892) and K2* (1430) veto
__
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 4-dimensional amplitude analysis

 4-dimensional parameter space defined by

 all known K+π- resonances are included:  

K*0(800), K*(892), K*(1410), K*0(1430), K*2(1430), K*(1680), Z(4430)-

Quantum Numbers of the Zc(4430)+

Zc(4430)- → ψ(2S)π- in B0 → ψ(2S)K+π-

K. Chilikin et al (Belle), PRD 88, 074026 (2013)

I. Amplitude analysis of B0 → ψ(2S)K+π-

K*(892) and K2*(1430) veto  
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 Significance : 5.2σ

 The preferred JP = 1+

 Exclusion level (JP=0-, 1-, 2-, 2+): 

3.4σ, 3.7σ, 4.7σ, and 5.1σ

 o 

 o

 Projection of the fit results with the K* veto

Quantum Numbers of the Zc(4430)+

K*(892) and K2*(1430) veto  

without Z(4430)-

with Z(4430)- (JP=1+)

K. Chilikin et al (Belle), PRD 88, 074026 (2013)

I. Amplitude analysis of B0 → ψ(2S)K+π-

Zc(4430)- → ψ(2S)π- in B0 → ψ(2S)K+π-
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 BaBar did not confirm Z(4430)+ (2009)

 LHCb confirmed the existence of the Z(4430) state & established its spin parity (2014)

 4-dim amplitude analysis

 significance : 13.9σ

 The spin parity JP = 1+

 M = 4475 ± 7 MeV, Γ = 172 ± 13 MeV

BaBar and LHCb Results on the Zc(4430)+

R. Aaij et al (LHCb), PRL 112, 222002 (2014)

Zc(4430)- → ψ(2S)π- in B0 → ψ(2S)π-K+

I. Amplitude analysis of B0 → ψ(2S)K+π-

K*(892) and K2* (1430) veto

Zc(4430)- → ψ(2S)π- in B-,0 → ψ(2S)π-K0,+Zc(4430)- → J/ψπ- in B-,0 → J/ψπ-K0,+

B. Aubert et al (BABAR), PRD 79, 112001 (2009)
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 New charged state Zc(4200)+ is observed.

 4-dimensional amplitude analysis similar to Zc(4430)+

 Significance : 6.2σ

 The preferred JP = 1+

 Exclusion level (JP=0-, 1-, 2-, 2+): 

6.1σ, 7.4 σ, 4.4 σ, and 7.0σ

 o 

 o

New charged state Zc(4200)+ → J/ψ π+

K. Chilikin et al (Belle), arXiv: 1408.6457 (2014)

with Zc(4200)+  (JP = 1+)

without Zc(4200)+

Zc(4200)+ → J/ψπ+ in B0 → J/ψπ+K-

II. Amplitude analysis of B0 → J/ψK-π+

Zc(4200)+

_

_
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 Argand Plot for H0

 much larger relative errors

→ impossible to draw any conclusion

 Argand Plot for H1

→ clearly shows a resonancelike change of 

the amplitude in the plane of absolute 

value and its phase.

Argand Plots for the Zc(4200)+

K. Chilikin et al (Belle), arXiv: 1408.6457 (2014)

II. Amplitude analysis of B0 → J/ψK-π+
_
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 New decay channel of Zc(4430)+ is found. 

 The Zc(4430)+ is significant (4.0σ) 

→ evidence for new decay mode.

 oo

 oo
→ Z(4430) as a hadro-charmonium is also possible 

other than four quark resonance state.

New decay channel Zc(4430)+ → J/ψ π+

K. Chilikin et al (Belle), arXiv: 1408.6457 (2014)

with Zc(4430)+

without Zc(4430)+
Zc(4430)+ → J/ψπ+ in B0 → J/ψπ+K-

II. Amplitude analysis of B0 → J/ψK-π+
_

_

S. Dubynskiy and M.B. Voloshin, Phys. Lett. B 666, 344 (2008)
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 Zc(3900)+ is also tried to add using the amplitude model with the Zc(4200)+ (JP = 1+)

 No significant signal is found.

 The upper limit of the branching fraction product 

No evidence of Zc(3900)+ → J/ψ π+

K. Chilikin et al (Belle), arXiv: 1408.6457 (2014)

II. Amplitude analysis of B0 → J/ψK-π+
_
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 Motivation

 X(3872) was first observed by Belle in B → K(J/ψπ+π-). Angular analysis of this mode 

performed by LHCb determined all quantum numbers: 1++.

 If X(3872) is a D0D*0 molecule, there may be other “X-like” particles with different 

quantum numbers, that are also bound states of D(*) mesons.

 Assumption

 Analysis features

 X is produced in charged B decays: B± → K±X (ηc → KsK π, Ks → π+π-)

 combined fit of 2 decay modes of η (γγ and π+π-π0)

 test mode B± → K±ψ(2S), ψ(2S) → J/ψ π+π- gives results consistent with PDG

 B± decays into the same final states, but without intermediate X are studied.

X-like states decaying to ηc modes

III. X-like states decays to ηc modes 

candidate combination quantum number JPC decay mode

X1(3872) D0D*0 – D0D*0 1+- X → ηcω, X → ηcρ

X(3730) D0D0 + D0D0 0++ X → ηcη, X → ηcπ0

X(4014) D*0D*0 + D*0D*0 0++ X → ηcη, X → ηcπ0

Anna Vinokurova June, QCD2014

X1(3872) : C-odd partner candidate of X(3872)

_

_ _

__

_ _
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X → ηcπ+π- X → ηcω

X1(3872)

X → ηcη
X → ηcπ0

η → γγ η → π+π-π0

X(3730)

X(4014)

X-like states decaying to ηc modes

Anna Vinokurova June, QCD2014

III. X-like states decays to ηc modes 

X: M(X) GeV/c2 - Y: N events 14



 Upper limits on the branching products for  Upper limits on the branching products for 

X-like states decaying to ηc modes  

Preliminary results

Anna Vinokurova June, QCD2014

Decay mode 
B± → K±X Yield U 

(90% C.L.)

B± → K±ηcπ+π- 155 ± 72 3.9 x 10-4

B± → K±ηcω -41 ± 27 5.3 x 10-4

B± → K±ηcη
η → γγ -14.1 ± 26.1

2.2 x 10-5

η → π+π-π0 -1.8 ± 3.4

B± → K± ηcπ0 -1.9 ± 12.1 6.2 x 10-5

Decay mode 
B± → K±X Yield U 

(90% C.L.)

X1(3872)
X → ηcπ+π- 17.9 ± 16.5 3.0 x 10-5

X → ηcω 6.0 ± 12.5 6.9 x 10-5

X(3730)
X → ηcη

η → γγ 13.8 ± 9.9
4.6 x 10-5

η → π+π-π0 1.4 ± 1.0

X → ηcπ0 -25.6 ± 10.4 5.7 x 10-5

X(4014)

X → ηcη, η → γγ 8.9 ± 11.0
3.9 x 10-5

X → ηcη, η → π+π-π0 1.3 ± 1.6

X → ηcπ0 -8.1 ± 13.2 1.2 x 10-5

B± → K±ηch  for h= π+π-, ω, η, π0B± → K±X, X → ηch  for h= π+π-, ω, η, π0

III. X-like states decays to ηc modes 

 No signal was observed in any of the studied decay channels.
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Charmonium(-like) states in B → ppK

IV. Charmonium(-like) states in B → ppK

 Motivation

 measure the branching fraction of the decay B+ → ppK+ and B0 → ppKS
0 for 

intermediate charmonium(-like) states such as ηc(2S), ψ(3770), X(3872) and X(3915)

 will be of interest for future experiment PANDA which plans to study charmonium and 

charmed particle production in pp annihilations.

 Analysis features

 based on blind analysis (3.7 GeV/c2 – 4.0 GeV/c2)

 continuum suppression using modified Fox-Wolfram moments

 Ks → π+π-

 test mode J/ψ → pp and ηc → pp in B± → ppK± give results consistent with PDG
_ _ _

_ _

_

-

_
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 Preliminary results 

Branching Fraction Measurement

(cc) → pp in B+ → ppK+ (cc) → pp in B0 → ppKS
0

Ongoing study

IV. Charmonium(-like) states in B → ppK

ηc

J/ψ

ηc

J/ψ ηc(2S)

ψ(3770)

X(3872)

X(3915)

ηc(2S)

ψ(3770)

X(3872)

X(3915)

____ _ _

_
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 LHCb (2013)

Search for Charmonium(-like) states in B → ppK

M. Ablikim et al (BESIII), PRD 88, 112001 (2013)The LHCb Collaboration, Eur. phys. J. C 73, 2462 (2013)

 BESIII (2013)

 Br(ηc(2S) → pp) < 4.8 x 10-3 90% C.L.

 Br(hc → pp) < 1.7 x 10-3 90% C.L.

(cc) → pp in B+ → ppK+ (cc) → pp in ψ(3686) → γpp

IV. Charmonium(-like) states in B → ppK

_ _____

-

_
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 Preferred quantum number of Zc(4430)+ is 1+ in B0 → ψ(2S)K-π+ decay and 

new evidence of the Zc(4430)+ → J/ψ π+ is found.

 New charged charmonium-like state Zc(4200)+ is observed in B0 → J/ψK-π+

decays. The quantum number is 1+.

 No X-like states are observed in decays to ηcπ+π, ηcω, ηcη and ηcπ0. 

Upper limits for the corresponding product branching fractions were set.

 Search for charmonium(-like) states in B → ppK is ongoing.

Summary

Summary

_

_
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