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● X(3872)
– mass & width determination, BR J/ mode
– angular analysis
– radiative decays

● Y(4260)
– search in J/ channel

● η
c
 and η

c
(2S)

– estimation of the interference effect



  

Introduction
B-factories provide a great opportunity to study known charmonium states and discover new ones. 

Since 2002 B-factories found more than 10 states that

● probably contain a (c anti-c) pair  “charmonium-like” states

● have mass above the open charm threshold

● are in poor agreement with the charmonium potential  model 

Exotic state models: 

● Multiquark state

– Molecule (two loosely bound charm mesons)

– Tetraquark (tightly bound four-quark state)

● Hybrid (state with excited gluonic degrees of freedom)

● Hadrocharmonium (charmonium state “coated” by light-hadron matter)

● Threshold effects 

– Virtual state at threshold

– Charmonium state shifted by nearby D
(s)

(*)D
(s)

(*) thresholds 

None of these models explains all properties of observed exotic states!
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First observed by Belle[1] in 2003 in BJ/). Mass is close to the (D0anti-D*0)
threshold. Width is less than experimental resolution. Confirmed by BaBar, CDF, and D0.

Possible interpretations: Contra:

● Charmonium state

– 
c1

(2P)   large B(
c1

(2P)J/) expected

– 
c2

  large width expected

● D0anti-D*0 molecule - most popular model unexplained production in B decays and p anti-p

● (c anti-c) and (D0anti-D*0) mixture

● Tetraquark (diquark-diantiquark) no charged partner of X found

There are two possibilities for quantum numbers

● M() close to decay (Belle[2] and CDF[3])   X(3872)J/(Belle[4] and Babar[5]) established C=+1

● XJ/ (study by CDF[6])  1++ or 2-+

● XJ/(Belle and Babar[7]) favors 1++

● XJ/(BaBar[8]) favors 2-+ (?)

● Molecular state model  0-+ or 1++

X(3872)

[1] PRL 91 261001
[2] arXiv:hepex/0505038
[3] PRL 96 102002
[4] arXiv:1105.0177
[5] PRL 102 132001
[6] PRL 98 132002
[7] arXiv:1007.4541
[8] PRD 82 011101
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X(3872)J/ 
Full Belle data sample: 711 fb-1

Diquark-antidiquark model predicts mass difference M
X 

on the X mass in the two modes 

B+K+(J/) and B0K0(J/).

M
X
 = (-0.69   0.97   0.19) MeV M

X
 = (2.7  1.6  0.4) MeV

is consistent with zero  same particle.

M
X
 = (3871.84   0.27   0.19) MeV 

X
 < 1.2 MeV (90% CL)

B(B+K+X)  B(XJ/) = (8.61  0.82  0.52)  10-6

B(B0K0X) / B(B+K+X) = 0.50  0.14  0.04

B+X B0K
S
X

[1] PRD 77 111101(R)
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arXiv:1107.0163

improve the previous 
UL on the width by a 
factor of 2 



  

X(3872)J/ 
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B(B0X+) B(X+J/) < 4.2 10-6 B(B+X+) B(X+J/) < 6.1 10-6

No evidence of a charged partner X+

Singlet or triplet?

B0X+

B+ X
+

M
bc M(J/)



  

X(3872)J/ 
Angular correlations (

X
*, , 

l
)  1++ and 2-+ hypotheses are both possible 

(insufficient statistics).

* b/w J/ and direction opposite to K in X restframe

1++

S-wave
L=0, S=1

2-+

P-wave
L=1, S=1 (B

11
)

L=1, S=2 (B
12

)


l



J/ system
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X(3872)J/ 
Fits to M() distribution taking  interference into account 
 1++ and 2-+ hypotheses are both possible.
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With influence of  interference in 
M() spectrum

S-wave – dashed, P-wave - solid

Without of  interference



  

X(3872)J/
Molecular model  X is highly suppressed compared to XJ/.
BaBar[1] results  B(X) is 3 times larger than B(XJ/).
Can be an indication of a (c anti-c) admixture (in addition to a (D0anti-D*0) component).

Used statistics - 711 fb-1.
B(B+X) B(XJ/) = (1.78            0.12) 10-6

B(B+X) B(X) < 3.45 10-6 (90% CL)

B(X) / B(XJ/) < 2.1 (90% CL) B(X) / B(XJ/) = 3.4 1.4 

X may not have a large (c anti-c) admixture with a (D0anti-D*0) molecule. 

B+X(J/) B0
S

X(J/
)

B+X(
)

B0
S

X()

arXiv:1105.0177

[1] PRL 102 132001
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Y(4260)
First observed by BaBar[1] in 2005 in e+e-J/)

ISR
.

Confirmed by Belle and CLEO.

Production in ISR  Y(4260) is a 1--state.

Family of 4 Y resonances (4008, 4260, 4360, 4660)
does not fit into the charmonium spectrum.

Possible interpretations: Contra:
● Undiscovered  resonances shifted by ~300 MeV , 

(33D
1
(4560), 53S

1
(4760), 43D

1
(4810)) exotic decay channels 

● Hybrids - most popular model Y(4360) and Y(4660) (higher than 
DD** threshold) are not seen in
e+e- hadrons

● Hadrocharmonium
● Tetraquarks
● (D anti-D

1
) or (D0 anti-D*) molecules

● f
0
(980)ψ(2S) molecule for Y(4660)

[1] PRL 95 142001
[2] PRL 99 182004
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Y(4260)J/ 
Isospin symmetry  Y decays to (J/) with half the rate of (J/).
Large isospin symmetry violation could be a strong evidence of the exotic nature of Y. 

Study of cross-section e+e-J/)
ISR 

as a function of mass is based on 790 fb-1.

Analysis features:
● Require 

ISR
 (lower backgrounds)

● J/J/eeis wiped out by the
skim conditions)
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M2

recoil
 distribution for events above 4 GeV is 

consistent with production via ISR.

(2S
)

16 J/ events above 4 GeV.

J/sidebands J/sidebands



  

Y(4260)J/ 
N = 8.6  

significance 2.4


ee

B(J/ ) = (3.19              ) eV 


ee

B(J/) = 2(3.0          ) eV [PDG]

 consistency with the isospin expectation


ee

((2S)) = (2.30 0.10) keV consistent with


ee

((2S)) = (2.35 0.04) keV [PDG]

Y parameters are fixed from PDG.
Background: (x-x

min
)⋅ ec(x-x

min
), x

min 
= m

J/
- 2m




The shape accounts for effective luminosity 
and efficiency as a function of mass.
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c

J/


c1


c
(2S)

BK(K
S
K)0 (1)

A large spread of measured 
c
 and, especially, 

c
(2S) parameters.

BaBar[1][2] CLEO[3] Belle[4]

M(
c
), MeV 2982.2±0.4±1.6 2981.8±1.3±1.5 2981.4±0.5±0.4

(
c
), MeV 31.7±1.2±0.8 24.8±3.4±3.5 36.6±1.5±2.0

M(
c
(2S)), MeV 3630.8±3.4±1.0 3642.9±3.1±1.5 3633.7±2.3±1.9

(
c
(2S)), MeV 17.0±8.3±2.5 6.3±12.4±4.0 19.1±6.9±6.0

BK(K
S
K)0 with the (c anti-c) formation from 

(K
S
K)0 - signal

BK(K
S
K)0 without the (c anti-c) formation – 

non-resonant component

Same final state ⇒ interference is inevitable!
Gives large model uncertainty (>50% for signal yield) 
⇒ should be taken into account.

arXiv:1105.0978

[1] PRD 81 052010 [2] PRL 92 142002
[3] PRL 92 142001 [4] NPPS 184 220
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c
(2S)

M(K
S
K)cosθ


c

M(K
S
K)cosθ

BK(K
S
K)0 (2)
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K
s

K
(1)

B

K
(2)






c

M(K
S
K) and cosθ  distributions are used to 

distinguish signal and non-resonant components.

signal non-res

cosθ
2D fit:

Projections:

2.8

3.2



  

BK(K
S
K)0 (3)

BK
c
, 

c
(K

S
K)0

B× B, 10-6 26.7±1.4(stat)     (syst)±4.9(model)

M(
c
), MeV 2985.4±1.5(stat)       (syst)

(
c
), MeV 35.1±3.1(stat)        (syst)

BK
c
(2S), 

c
(2S)(K

S
K)0

B× B, 10-6 3.4         (stat+model)         (syst)

M(
c
(2S)), MeV 3636.1     (stat+model)          (syst)

(
c
(2S)), MeV 6.6         (stat+model)         (syst)

Some of the parameters of the 2D fitting function are dependent  model error.

The procedure of taking the interference into account:
● no assumptions about the phase or absolute value of the interference
● significant decrease of model error for B
● comparable errors (despite the additional model error) 

Results are consistent with those obtained in the most accurate measurements.
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Conclusion
● New measurements of X(3872) parameters. UL on the width is significantly 

reduced.

● A difference in X(3872) masses produced via decays B+J/  and 
B0J/ is consistent with zero, which does not corroborate diquark-
antidiquark model.

● Study of angular correlations and M() spectrum in B+J/  both 1++ 
or 2-+ hypotheses for X(3872) are possible (more statistics is needed).

● No evidence of X(3872)   hypothesis of large (c anti-c) admixture in the 
X(3872) is not confirmed.

● The value of B(Y(4260)J/)  is consistent with the expectation from isospin.

● Parameters of 
c

 and 
c
(2S) have been measured taking into account the 

interference between signal and non-resonant component.

● B-factories discovered a large number of new charmonium-like states and launched 
a new era of spectroscopy. Despite the large amount of data that was accumulated, 
statistics are still insufficient to resolve all the puzzles of exotic states. New Super 
B-factories are needed! 
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Backup slides



  

X(3872)J/



  

X(3872)J/



  

X(3872)J/
Evidence of B

c2
: B(B+

c2
) /B(B+

c1
) = (2.25 


  0.17) 10-2 

more suppressed than expected in theory[2]
[2] NPB 811 155



  

Y(4260)J/

4.1 GeV < M(J/) < 4.4 GeV 4.1 GeV < M(J/) < 4.4 GeV



  

Y(4260)J/



  

BK(K
S
K)0



  

BK(K
S
K)0



  

BK(K
S
K)0
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