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Double charmonium production

Search for � � � � � � �� � � � 	� � production, where the additional � 	� pair
fragments into either charmonium or charmed hadrons.

�

PRL 89, 142001 (2002) with 46.2/fb

�

LP03-274 (BELLE-CONF-0331) with 101.8/fb

Study

� � �

recoil mass spectrum around

����� � 	 
 � 3 GeV/c

�

:� ���� � 	 
  � �� �� �� � � �� � � � � � � �� � � � � �

�

Constrain

� ��

into nominal mass to improve resolution

�

Verify recoil mass scale using � � � � � � �� � � � , (

� �� � � � � �� � � � � ) for
calibration : recoil mass bias � 3 MeV/c

�

�

fit includes all known charmonium :
�� ,

� ��

, �� � , �� � , �� � , �� �� � �

,

� �� � �

�

Masses of �� , �� � , �� �� � �

free
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Double charmonium production
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� � � � � � ��

+ open charm

Fit


 �� � �

signals in

� 
� 
�� bins
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� � � � � � ��

+ open charm

�

All final charm hadrons are reconstructed (except for

�� )

�

Sum over


 �� 
 � � 
 �
� � � �� and

� � 	� � �� � yields to determine the fraction of
the total prompt

� ��

production that is accompanied by another � 	�

system :

� � � � � � � � �� � 	� �

� � � � � � � � � � � �
�����������
	 ��  ��� � �� � ��


��� � �� � � � � �� � � ���� � � 
���
� � � �� �� ���� �� � � �

 � � � � � ��� � � � ��� � �

� � �� � 	� cross section is an order of magnitude larger than predictions and
contradicts the NRQCD expectation that

� �� � 	� is small (same for

� �� �� )
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P-wave


 � � �

mesons ( � 	��) in B mesons
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� � � 
 � � � � � � � � (60.4/fb)
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 � � � � � amplitude analysis
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 � � � � � � amplitude analysis
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� � observations

�

BaBar (PRL 90, 242001) reported observation of a new resonance at
2317 MeV in


 �
� � � final state

�

CLEO (hep-ex/0305017 � PRD) observed resonance at 2459 MeV in
 � �
� � � final state

BaBar CLEO
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� � ��  � � � �

and


� � �� � � � � �

, 86.9/fb
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Mass of the � 	�� systems

Strange property of these states is their surprisingly low mass compared to
the potential model expectations :

� 	�� 
� �(2317)


 � �(2457)

Their masses are practically equal to those of similar states in
the � 	�� system :

� 	 � 
 � �� 
 � ��

�

(MeV/c
�

)
�  �� �  � � �� � �  �
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� � in exclusive decays of

�

mesons

To clarify the nature of discovered states, necessary to determine their
quantum numbers and the branching fractions of their decays

Dominant exclusive process for the


 � � production in

�

decays is� � 	 
 
� � :

−W

u, d

b
B

s

c

c

u, d
D

D*−
s J

The kinematics is completly determined by the quantum numbers of the

�

meson and final




mesons � the angular analysis of these decays will
unambiguously determine the quantum numbers of


 � � mesons.� hep-ex/0308019 � PRL
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Observation of the


 � � ��  � � �

and


 � � �� � � � �

in
�

	 


is reconstructed as


 �

or


 �

,
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 � � ��  � � �

and


 � � �� � � � �

in

�

mesons

Use

��

distributions to calculate the branching fractions
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� � �� � � � � � � 
 �
� � in continuum
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� � �� � � � � � � 
 �
� � � � � in continuum
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Summary of

� � 	 
 
� �

�

mode


 � � mode

� � � � � � � Significance ( �)
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� � � � � � � ��� �� � � � � � � �

6.1
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–
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� �� � � � �  6.4


� � � � � � � � �
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7.4


 �� � � ��  –
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–
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� �� � � �� 	
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� �� � � �� 	
 � � � �� � � � � �
�

�� �
�

� � �
�

� �

� consistent with theoretical prediction (W.A.Bardeen, E.J.Eichten and
C.T.Hill (hep-ph/0305049))
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Helicity distribution for


 � � � 
� �
Helicity angle

� �� � defined as the angle between


 � � �� � � � �

momentum in
the

�

meson rest frame and the


 � momentum in the
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rest frame

0

2

4

6

8

10

12

-1 -0.5 0 0.5 1

cos(θDsγ)

E
ve

n
ts

/ (
0.

25
)

consistent with 	 � �
� � � distribution

expected if this state is

� �

Belle observed


 � � ��  � � �
and
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in B decays in agreement with the
assumption that they are

�� wave states with

�
� = 1/2

(A. Le Yaouanc et al., hep-ph/0107047) Beauty 2003 – p.19/25



Rare decays :


 � � � � �� � �� ��


 � �� (LP03-303/BELLE-CONF-0346)
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Rare decay :
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Rare decay :
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 � � �� (MC)

When a
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� � decay is re-
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Summary

�

Confirm that

� �� � 	� cross-section is an order of magnitude larger than
predicted by NRQCD

�

Dalitz analysis for

� � 
 � � � � � � � � and observed missing P-wave
states
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Belle observed exclusive
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(both having
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 �
� � in both continuum and
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decays
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First observation of FCNC charm decay :
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