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Introduction
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 After 2002 six new conventional charmonium states + more than a dozen of exotic

charmonium-like states were discovered.

 Charmonium consists of two heavy c quarks and allows to study strong interactions

and to check different theoretical models of heavy quarkonia.

 Charmonium-like states are not predicted by potential models and seem to have a

more complex structure than charmonia.

 Naming scheme: Y states (1– –), Z states (charged), X states (all the rest).

charmonium

charmonium-like



Plan of my talk
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Full Belle Υ(4S) data sample of 711 fb-1 is used for these analyses.



B0→X(3872)γ I

P.-C. Chou, P. Chang et al. (to be submitted to PRD)

4

Motivation

 X(3872) is the first discovered and most famous exotic state:

 observed by Belle in 2003 in J/ψπ+π– mode [1],

 mass near D0D*0 threshold,

 small width (< 1.2 MeV).

 Info on similar ℬ(B0→J/ψγ):

 7.65 × 10-9 from QCD factorization [2],

 4.5 × 10-7 from pQCD [3],

 < 1.5 × 10-6 from LHCb experiment [4].

 X(3872) probably contains other components than c and anti-c 

quarks ℬ(B0→X(3872)γ)  should be smaller than ℬ(B0→J/ψγ). 

 New Physics contributions may enhance B0→X(3872)γ!

[1] PRL 91 262001 (2003)      [3] PRD 74 097502 (2006)

[2] EPJ C34 291 (2004)           [4] PRD 98 030001 (2018)

Analysis features

 X(3872)→J/ψπ+π–, J/ψ→l+l– (l=e,μ);

 selections on |M(llππ) – M(ll)| to reduce combinatorial bkg and bkg from misidentified γ conversions;

 photon selections: Eγ > 600 MeV, E9/E25 > 0.87, π0 veto;

 MVA to suppress main bg from B→J/ψX (33 variables).

[1]



B0→X(3872)γ II
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Signal yields

 Feldman-Cousins counting method is 

used to get UL;

 fitting method for cross-check;

 to calibrate the efficiency in the 

signal region the B0→KS
0π+π–γ

control sample is used.

Preliminary result

ℬ(B0→X(3872)γ) ×

ℬ(X(3872)→J/ψπ+π–) < 

5.1 × 10-7 (90% C.L.) 

B0→X(3872)γ, X(3872)→J/ψπ+π–, J/ψ→μ+μ–

B0→X(3872)γ, X(3872)→J/ψπ+π–, J/ψ→e+e–



B+→X(3872,3915)K+ I
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V. Bhardwaj, S. Jia et al. arXiv: 1904.0715 (submitted to PRD)

Motivation
 New decay of X(3872) was recently observed by BESIII in 

e+e–→X(3872)γ→χc1π
0γ [1].

 ℬ(X(3872)→ χc1π
0) / ℬ(X(3872)→ J/ψπ+π– ) = 0.88 + 0.33

- 0.27 ± 0.10 
is large compared to ℬ(ψ(2S)→ J/ψπ0) / ℬ(ψ(2S)→ J/ψπ+π– ) = 
3.66×10-3.

 This result disfavors χc1(2P) interpretation of X(3872) (isospin
breaking otherwise).

 Worth checking this ratio from Belle data!

 X(3915) was first observed by Belle in B→X(3915)K→J/ψωK [2].

 JPC = 0++ may be χc0(2P), but too narrow and decay to J/ψω is not 
suppressed.

 If X(3915) is a non-conventional state, single pion transitions may 
be enhanced.

Analysis features
 X(3872)→χc1π

0, X(3915)→χc1π
0;

 χc1→J/ψγ, J/ψ→l+l– (l=e,μ);

 photon selections: Eγ > 100 MeV, E9/E25 > 0.85, π0 veto.

[1] arXiv: 1901.03992              [3] PRL 99 142002 (2007) 

[2] PRL 94 182002 (2005)       [4] PRD 82 094008 (2010)

[1]

[2]



B+→X(3872,3915)K+ II
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UML fit to ΔE gives (806 ± 69) signal events (consistent 

with similar previous Belle study of B+→χc1π
+π–K+ [5]).

Veto on B+→χc1K
*+: 791.8 MeV < M(K+π0) < 991.8 MeV.

[5] PRD 93 052016 (2016) 

signal

combinatorial bg

peaking bg (B+→χc2π
0K+ )

Total

Signal yields
X(3872): 2.7 ± 5.5 (0.3 σ)

X(3915): 42 ± 14 (2.3 σ)

Compatible with the interpretation of X(3872) as an 

admixture of D0D*0 molecule and χc1(2P) charmonium state.

No contradiction with BESIII result.

Upper limits

ℬ(B+→X(3872)K+) × ℬ(X(3872)→ χc1π
0) < 8.1 × 10-6 (90% C.L.)

ℬ(B+→X(3915)K+) × ℬ(X(3915)→ χc1π
0) < 3.8 × 10-5 (90% C.L.)

ℬ(X(3872)→ χc1π
0) / ℬ(X(3872)→ J/ψπ+π–) < 0.97 (90% C.L.)



B→Y(4260)K I
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R. Garg, V. Bhardwaj, J.B. Singh et al. PRD 99 071102 (2019)

Motivation

 Y(4260) first seen by BaBar in e+e–→Y(4260)γISR→J/ψπ+π–γISR [1].

 If Y(4260) is an admixture of charmonium and tetraquark state, 

from QCD sum rules ℬ(B+→Y(4260)K+) × ℬ(Y(4260)→J/ψπ+π–)  

is in range (3.0×10-8 : 1.8×10-6) [2].

 BaBar observed 128 ± 42 signal events (3.1 σ) using 211 fb-1 and 

set a 95 % C.L. UL on ℬ(B+→Y(4260)K+) × ℬ(Y(4260)→J/ψπ+π–) 

< 2.9×10-5 [3].

 Two resonant structures observed by BESIII in e+e–→J/ψπ+π– are 

interpreted as Y(4260) and Y(4360) [4].

 Need to search for Y(4260) in B decays!

[1] PRL 95 142001 (2005)        [3] PRD 73 011101 (2006) 

[2] PLB 747 83 (2015)              [4] PRL 118 092001 (2017)

[1]

[3]

[4] [4]



B→Y(4260)K II
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Analysis features

 B± and B0 are considered, Y(4260)→J/ψπ+π-, J/ψ→l+l- (l=e,μ);

 B→ψ(2S)K  and B→X(3872)K are used as control samples;

 UML fit of ΔE, signal yield from weighted M(J/ψπ+π–) by sPlot.

Upper limits

B± B±

B0 B0

Сonsistent with BaBar

but more stringent.

Given for the first time.



B→hcK I
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Motivation

 Both B+→hcK
+ and B+→χc0K

+ are suppressed by factorization.

 Since ℬ(B+→χc0K
+) = (1.49 + 0.15

- 0.14)×10-4 (world average), 

ℬ(B+→hcK
+) should be of the same order. However has not been 

observed so far! 

 Best upper limits:

 Belle with hc→ηcγ, ηc→KSK
±π± and pp using 253 fb-1

ℬ(B+→hcK
+) < 3.8×10-5 [1];

 LHCb with hc→pp

ℬ(B+→hcK
+) × ℬ(hc→pp) < 6.4×10-4 [2].

 Theoretical predictions:

 2.7×10-5 from QCD factorization [3];

 3.6×10-5 from pQCD [4];

 (3.1×10-5 : 5.7×10-5) from QCD factorization including 

the charmonium bound-state scales [5];

 Needs to be updated!

K. Chilikin et al. arXiv: 1903.06414 (submitted to PRD)
[1] PRD 74 012007 (2006)       [4] PRD 74 114029 (2006)            

[2] EPJ C73 2462 (2013)          [5] NPB 811 155 (2009) 

[3] hep-ph/06072201 [6] arXiv:1810.12023 

Analysis features

 B± and B0 are considered, hc→ηcγ and ppπ+π– (recently observed by BESIII [6]);

 ηc candidates are reconstructed in 10 decay channels (K+KS
0π–, K+K–π0, KS

0KS
0π0, K+K–η, K+K–K+K–, 

η'(→ηπ+π–) π+π–, pp, ppπ0, ppπ+π–, and ΛΛ);

 MVA is used for each channel to separate signal from bkg;

[1]

[2]



Simultaneous UML fit to hc→ηcγ signal and hc→ ppπ+π– bkg & signal

B→hcK II
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B0

B+

Signal yields

 B+→hcK
+: 32.6 ± 8.0 (4.8 σ taking into account systematics)  → evidence! 

 B0→hcKS
0: 3.1 ± 3.7 (0.7 σ taking into account systematics)

ψ(2S)

ηc(2S)

ηc(2S)

χc0

J/ψ

ηc

hc

hc

ηc

J/ψ

χc0

χc1

hc

χc1

hc

χc2

ψ(2S)
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B→hcK III

A closer look at hc→ ppπ+π– signal in χcJ region…

B+ B0 ηc(2S)ηc(2S)

Observation of the new ηc(2S) decay channel: 

ηc(2S)→ppπ+π– !

Other charmonium signals are consistent with PDG.

χc0
χc0

χc1

χc1 hc

χc2 ψ(2S)

ψ(2S)



Summary

 B0→X(3872)γ

 Upper limit is set on ℬ(B0→X(3872)γ) × ℬ(X(3872)→ J/ψπ+π–). 

 B+→X(3872,3915)K+

 Upper limits are set on the product branching fractions ℬ(B+→X(3872)K+) × ℬ(X(3872)→ χc1π
0) and 

ℬ(B+→X(3915)K+) × ℬ(X(3915)→ χc1π
0). Compatible with the interpretation of X(3872) as an 

admixture of D0D*0 molecule and χc1(2P) charmonium state.

 Branching ratio ℬ(X(3872)→ χc1π
0) / ℬ(X(3872)→ J/ψπ+π– ) < 0.97 (90% C.L.). No contradiction 

with BESIII result.

 B→Y(4260)K

 Upper limit on ℬ(B+→Y(4260)K+) × ℬ(Y(4260)→J/ψπ+π–) is consistent with BaBar but more 

stringent.

 Upper limit on ℬ(B0→Y(4260)K0) × ℬ(Y(4260)→J/ψπ+π–) is given for the first time.

 B→hcK

 Evidence of the decay B+→hcK
+ is found, and ℬ(B+→hcK

+) = (3.7 + 1.0
– 0.9 ± 0.8) ×10-5 is consistent 

with the existing limit and theoretical predictions.

 Upper limit is set on ℬ(B0→hcKS
0) .

 First observation of ηc(2S)→ppπ+π– decay with 12.1σ significance.

13



Backup
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Belle experiment
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B0→X(3872)γ
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B+→X(3872,3915)K+ 
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B→Y(4260)K
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B→hcK
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B→hcK
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B→hcK
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B→hcK
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B→hcK
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B→hcK


