
�

� �

��

�

�
�

�
	

�

�
� 


��

�

�

�

�

�

� � ��

�

�

� ��

�

�

�
�

�

�




�

�

�

�

�

�

�

�

�

�

� ��

�

��

 
!

"# $
%

& �
'

 "(

%

&

%

#

%

)

�
'

" $

'

* ( "

� +

� " �,

! % �

-

$ �  

.

%

# " #

% /

0

1

#

'

"

!

�

 (

2

� #

1

35
4

6

(

/

#

%

� * $ "

� %

"

!

� �

+

�

%

" "

!

�

0

(

'

�

%

� � & � &

1

#

'

# "

!

�
'

 �, "#

'

 

#

1 ! �

7

!

�

%

�
'

7

0

)

!

0

 

�

,  #

'

�

+

�

%

8:9 ;

# $ "  

�

& � # $

' <

�

/

&
= > ��

& �

'

(

%

7

� #

1

)

!

�

%

#

?

�

%

(

1'

#

?

)
'

# "# "

0

)

�

, (

/ %

#

% /� %

� (

'

7

( $

7

� "

!

� #

'

0

=

@

( &

'

#

%

 

)

�, "

'

(  #

?

� "

� ?

�  (

'

� ,

'

$ ,

�

(

/� %

 �

)

(

'

( "

� %

7

�

/

�, "

'

#

�

� (

2

)

!

0

 

�

,  

1'

#

?

 "

'

#

%

7B
A

� %

" �
'

( , "

�

#

%

�
C

� , "  

= D !

� & �, (

0

 #

1

,

!

(

' ?

� &

?

�  #

%

 

?

(

0

* � #

%

� �
E

(

?

)

/

�

� 1 < %

(

/

A

 "( " �

'

�  #

%

(

%

, �  (

'

�

� ?

)

#

'

"(

%

"

=

@

( &

'

#

%

 

)

�, "

'

( (

'

� * � ( $ "

� 1

$

/� %

"

!

�

� '

#

� % ' �

7

!

"

=

>

" "

!

�

-

$ (

' 2

(

%

&

/

�

)

"#

% /

�

+

�

/

.

� %

"

' �

, ( " �

/

�

+

�

/

 "

'

$ , " $

'

� (

%

& "

'

(

%

 

�

"

�

#

%

 

(

?

#

%

7

"

!

�  �

/

�

+

�

/

 

1

#

' � ! �

,

! �

�

!

(

+

�

%

#

1

$
%

& (

?

�

%

"(

/

$
%

& �
'

 "(

%

&

� %

7

=

F

!

(

'

)

�

% � %

7

 

)

� , "

'

#  , #

)

�

, " �,

! % �

-

$ �  

?

(

0

!

�

/

)

 #

/ +

� "

! �

 

)
'

# *

/

�

? =

D

# & (

0H
G

'

� , �

%

"  

)

�, "

'

#  , #

)

0

, #

%

"

' �

* $ "

�

#

%

 

1'

#

?

4

IJ

K

L

4

J

F
M

$ "

� /� N� %

7

4

I J

KP
O

 �
E

, �

/ /

�

%

"

)

(

'

"

�

,

/

�

�

& �

%

"

� <

, ( "

�

#

%

(

%

&

'

�  #

/

$ "

�

#

% =

D

#

)

�

,  

G

4

!

(

' ?

#

% �

$

?

.

,

!

(

' ?

.

* � ( $ "

0

.

$

)

 

� /

#

%

 



�

�

�
�

�� ��

�
	

��

�


��

�
�

�




�

��

�

�

�

�

�
� ��

�

�

� �

�

�

�

� � 	 �

�

� � �� � � �

� ��

�

���

�

� �

�

�
�

!

�

���

�

�

�� � �

�
	

�

� �

�

�

�
�

�

�

�

�

�

� �

�

�

�
�

"$#

%&

'

�

�
(

�*)

+-,

�

�
�

!

,

( �

�

�

�

�

� �

�

�
�

	

,-.

/

0

1

2

�
3

1
4

�

5 5

�

�

�

�

� � 	 �

�

�

�

�

�

� �

�

� � �

� �

�

�

� 	 � � � �	 �
6

7 7

�

5 5

�

� �

�

�

�

��8
:9

;

<

�

=

�

> >

�@
?

A A B

�

C

�� � �

�
	

�

D

�

;

E

;

�
,-.

.

�

�
�

,

5

3

1

<
,

( �

�

�

�

�

� �

�

�
�

	



�

� �

� �

�




�

�

�

�

�

�

�
�

�

� �

.

�

.

�

�

�
�

� .

�

.

�

�

�

�

�

���

�

�

�

�

�

�

���

�

� �

.

�

.

�

!

�

�

�

�

�

	

�

	

�

E
ve

nt
s 

/ 4
 M

eV

Mass (GeV)


�� �



���� �
� �

103

102

10

1
104

103

102

10

1

2000
1500
1000

0
500

3.0 3.1 3.2 3.0 3.1 3.2

0.40 0.50 0.600.40 0.50E
vt

s 
/ 1

0 
M

eV

 m (  +    ) (GeV)     

�

� �

�� �

�

%

�

%�

,

�

�




�

�
�

�

� �� ��

&

�

,

� � ��


��

� �

�� �� �

,

�

�




�

� � �

� ��

�

� � �
�

	 �

�

� �� � �
 

�

�

�

�

�

�

� �

�

�
�




� �
!

"

� 	 	

�

� � �

�( ��

�

�

�

�

��

	 � .

�

.

�

	

�

�

�

	

�

� � �

�

� 	 �

(

� �

�

�
�

� �




�

�
� ��#

�

� �

�

�

�

�

� 	 	




� �
!

� �

� �

(

�

�

�

�

#

�

(

�� 	

$

%'
&

(
)

*
+

,

+

-

.0/ 1'2
3

4
5

2

6
7

3

78

9

6
7

3

7

5:

;=<

>

$

%'
&

(
)

*

?

,

?

-

.0/ 1
2

3

48 7

6
7

3

7 8 2

6
7

3

7 27

;=<

$

%'
&

(
)

*@

,

@

-

.0/ 1'2
3

4 2A

6
7

3

7 28

6
7

3

7

5:

;=<

>

$

%

+

,

+

-

. (

$

%

?

,

?

-

.
/

1

4 4

3

9

6
B 3 :

6
7

3

8

;
<



�

�

"

�

�

�

� �

�

(

	 � � � � 	

�

� � 	 �

�

� �

�

�

�

�




�

� �

�

	 �

(

�

�

�

�

� �

�

"

�

�




�

�
�

�

� �� �� �

�

�

�� �

+

"

� ��

�

�

�

4

�

�

�

��8

B

�

	

�




"

'

+

�

E

�

� �

�

& �

�

�



�

� %&




�

� %

�

%

�

�

�



%� %

�

E

� &

� � �

� &

�



�

� &

�



�

� &

�

&

�

� &




�

�

�

�

�

�

�

� �

& �

�

�



�

� � �




�

� &

�

�

�

/

�

/

� �

& �

�

&




�

�

� �




�

� & % &

�

�

�



� � &

�

�

�

�

� �

& �

� �



�

�

��




�

� & % %

�

� &




& � &

�

/

�

/

%

�

& �

�

�




�

�

�

�




�

�

�

%

�

���

/

���

/

&

�

�

�

&

�

<� 	

�

�

/

�

�

4




B
� 8

B

�

"��

?

� �

�

��

'

�

�

+

�

�

�

�

�

�

�

�

�

�

�

/

�

� �

�

/

�

9 9




B
� 8

B

"��

8 �

�

�

��

'

�

�

+

�

��




� ��


! 

"

#

�

�

4

�

�%
$

&

'

"

�%
(

)

�

$

&

�

� �

�




�

�

� �

(

� � �

"

#

�

�

4

�

�%
$

*

,

*

-

'

"

�%
(

)

�

$*

,

*

-

�

+

8 � �

�




B
�

A

,

"
#

% &

'

�

�
(

�
)

+

"

�

�

#

�

� �

� � �

�

-/.

�

B

�

-

4

+




�

	

�

� �
�

	

�

�

( (

�

�

�

�

�

� %&

'

6

�

�0 �

,

0 1

"

�32




	 � � � � 	 ��

(

�

�

,

0

2

#

� �� �

�

,

1

2

� �

�

	 �

�

+




�
4

.

�

2

"

%�

�



�

�

�

+6
5

8

B

�

9

,

	

� � �(

�

� 6

�

�7

�

8

7

9

: �

�

�

�
� ��

�

�

� �

�

� 	

;

< B

,

� �

�

�

�

�

�

�

�

� � �

=

&

� �

�

�

#

�

�

�

�

� 	

"

� � 	 � � �
� (

�

�

�

�

	 � � �

�

	 �

�

�	

+

> (

�

#

�

�

�?

"

�

+

	 � �

�

	 �


 


�

�

� � �

� � �

(

�

#

�

( �

�

6

�

�

� �� � �

�

� �

�

�

�
�




�

��




�

� � � ��

�

�
�

@


 


�

�

�

�

� 	 �


 


�

� 	 	

�

�
�

�
6

�� � �




(

� �

�

� �

�

�

�
�




�

� �




�

� � � ��

�

�
�



�

�

�

� �

�

(

�

"

'

+

�

�

�

�

,

�

-

(

)

�

.

�

.

�

�

�
�

� �

�

�

�




�

� % �




%� %

�

.

/

.

/

�

�
�

%

�

�

�

&




�

� % �




�

�

� �

�

�

� & �




�

� �

�



�

�

� �

�

�

�
�

�

� &

�




�

�

� �



�

� % %

�

�

� �



�

� %

�



�

� %

�

.

/

�

�
�

�

� %

�



�

�

�

%




�

�

�

%

�

�

� �



�

�

�

�




�

�

�

%

5

3

1

/

�

5 5

�

�
�

�

� %

�



�

�

�

%




�

�

�

&

�

�

� �




�

�

�

�




�

�

� �

5

3

1

<
�

5 5

�

�
�

�

� � �




�

�

� �



�

� %

�

%

�

� & �




�

� %

�



�

� &

�

5

3

1
4

�

5 5

�

�
�

%�

� �




�

�

�

�




�

�

�

�

�

�

�

&




�

� %

�



�

� %

�

!

�

�
�

� �

�

��




�

� %

�




%�

��

�

� �

�� �

�

%

�� �

,

�

�




�

�
�

�

� �� ��

&

�

� �� �

�

�

8

�

� �

�

�

	 � 	




��

.

/

�

�

�

� �

�

�

"

� � %




�

� �




�

� %

+

'

�

� �

�

�

�

�

�

�
� ��

�

�

� �

�

� 	 � � �

#

�

�

�

� 	 � �
6 � �

=

� �

�

�

��

�

� �

�

� ��

�

(

�	

�#

�

�

�

�

�
�

�

�

�

5

3

1

(

� =

�

� �

�

�� �

�

�

,

% %&

� �

&

"

&

� �

�

+ C

�

�

�
3

1 /

�

5

�

�
�

�

2

& �

�




�

� &




�

� &

'

,

�

�
3

1

<

�

5

�

�
�

�

2

�

�

�

�



�

�

�



& � %

'

,

�

�
3

1
4

�

5

�

�
�

�

2

%

�

�

�



�

�

�


 %� &

'

!

+

�

( ( �

�

+

�

<�

�

< B




B
� 8

<




8 �

� B

�

,

#

	

�

	 �

�

�
6 ! �

�

� � �

� �� 	

�

<�

�

�




B
� �




� �

B

�

,

�

� 	 �
(

� 	

� �




(

�

�

�

�

>

�

	


�
�

�

�

��

�

�
�

�

�

+

�
8

�
�

�




� �

�

�

,

,

� � �

D � � �

#

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

+

��8

� �

�




B
�

A

�

,



�

�

� �

�

� "

�

�

�

�
�

�

(

�	

�#

�

�

�
(

�

�

�

� � �

�

	 � � � � 	

"

�

�




�

�
�

�

� �� �

%

�

%

+

� �

�

�

�

�

�

( ( �

	 �

�

"

� ��

�

�

�

�

�

���

�

� �

0

�

�

"

� �

=

+




0

��8

B

�

	

� ��8

B

�

	

� "

'

+

�

�

.

�

.

�

�

�� �

�

�

& � &




�

� &




�

� & � �

�




%�

� �

�

� �




%�

� �

�

�

.

�

.

�

�

.

/

%

�

�

& �

�

&

�

� %




�

�

�



�

�

� ��




�

�

�

�

�



%� %

�

�.

�

.

�

� �

%�

� �

� &




�

�

�




�

�

�

� �

�



�

�

�

% %�

� �




%�

�

�

7

�

7

�

.

�

.

�

�

%

�

� &

�

� %




�

�

�




�

� � %

�




�

�

�

� �




�

� &

�

�

.

�

.

�

�

�

�

� �

�

�



�

� &




�

� % %�

��




�

� &

�

% %�

�

�



�

�

��

7

�

7

�

.

�

.

�

.

/

�

% %�

�

%& �

�



�

�

�




%�

�

�

%

�

�

� �



& �

�

%

�

7

�

7

�

�

�

�

�

%�

�



�

�

�




�

�

�

%�

�




�

� � %

�

� %

�



& �

� �

�

�

7

�

7

�

�

� �

� &

�

�

�



�

� %




�

� %

�

�

�

�

%




& �

�

�

�

7

�

7

�

� �

�

� �

�

�



�

� &




�

� %

�

�

��




�

� & &

�

� % �




%�

� �

�

E

�

.

�

.

�

��

� �

� �

�

�



�

� & 


�

� �

�

�

�


 & �

� �

�

��


 %� %

�

�

E

�

.

�

.

�

.

/

�

�

� �

�

�

�

�



�

� � 


�

�

�

�

%

�

�

�

�




�

�

��

�

�

E

�

�

�

� �

�

�



�

�

�




�

�

�

�

�

�

��




& �

� �

�

�

E

�

& %� &

�

�

�



�

� &




�

� &

�

�

��




�

�

�

& � �

� �



& � & &

�

E

�

7

�

�

� �

�

%�

�




�

� %




�

� %

�

%

�

�

�

&




& �

� �

"

� ��

�

�

�

�

�

� ��

,

5

�

8

<

��

# �

� �

�

�
�

	

6 �

�

� %&

'

�

�
(

�

�



�

�

�

�

�

�

#

�

� 

�

	

� 

�

�

�
�

���

 

�

�

1

�

�

8 8

<

"

�

0

"

%

�

+-,

 

�

�

>

���

 

�

�

>

1

�

�

�

�

"

�

0

"

&

�

+

�

��




� ��

�

6

�

� "

�

0 �

�

�

�

#

� 	




( �

� �

��

�

	

"

� � �
(

�

�

�

�

�

#

� �� �

�

�

E

�

��

� �

�

� ��

�

�
�

�

�

(

� � �

�

��

+

��




� ��

 

�

0

1

�

 

 

��8

<

�

<

�

�

	

 

�

9

�

(

�


+

? <

�

<
�

? �




B
�

B �

"

�

0

�

�

� ( �

�

�

	 � �

�

�
�

� 	

�

"

E

� � 


�

� � � ��

�

�
� ��

�

��

� �� �
�

�

� �

�

(

+

�

"

%

+

�

�� � �

�

� �

�

�

� � 6

�

�

�

#

�

�

� 	

� �

? <

�

<
��




B
�

�

"

�

0

�

"

&

+

>

�

� � �(

� �

�

�

��

�

	 � � � � � �

? <

�

�
� �




B
� 8

<




B
� � "

�

0

,

�� ��

�

��

�

� �.

/

�

�
�

,

�

� � � �
� � � �

� � �

�

"

�

+

>

�

� � �(

� �

�

� � �

,

	 � � � � � �

? <

�

<
�

�




B
� �




B
� � "

�

0

,

�� � �

�

��

�

� �

5 �

1
� �

�

�

�

1
�

5 5

� @

� � � � � � �



�

�

��

�

�

�

� � � � �

#

�

�

� 	

�

�

� �

�

�

�

�	 �

�#

� �

�

�
� ��

�

���

�

�

� .

/

0

1

,

0

1

�

5 �

1

"

�

� � �

� �

�

�

	

+ "

�

� �

�

� �

�

%

�

%

�

,

�

�




�

�
�

�

� �� ��

�

� �

�� �

+

��

�

(

�	

�#

�

,

�
�

�

(

�	

�#

� �

�

�

(

�
	

� 	

	 � � � 	

�

�
�

�

( �

� �

�

	

 

�

9

�

(

�


��

�

(

�	

�#

� �

�

�

(

�
	

�

	

�

� � �
�

	 �

�

� �� 	

�

1

��

� �� ��

�

�

� �� 	

��

�

(

�	

�#

�

� �

�

�

1

�

� � �
�

	 �

�

� ��

�

�
� �



�

�

�

Entries  47
Mean    3.481
RMS    0.0412

2 candidate mass in GeV/cch
3.4 3.42 3.44 3.46 3.48 3.5 3.52 3.54 3.56

2
E

ve
nt

/2
M

eV
/c

0

1

2

3

4

5

6

Entries  47
Mean    3.481
RMS    0.0412

-p+p-K+K
-p+p-p+p

pK0
SK

0p-K+K
)gg(h-p+p

)0p-p
+

p(h-p+p
pK0

LK

 candidate massc recoil h0p

%

�

� �

�

�

�

� � � � 	

�

��

�

�

� �

� �

�

8
A

�

<




� �

<

�

#

�

�

� 	 � � �

#

� � � �

!

�

�

� �

�

�

�  

�

0

1

�

+

�
? <

�

?

�

�




B
�

�




B
�

<

�

"

�

0

�

�

<

�

�

>

� .

/

0

1

�

�

4

�

0

1

�

5 �

1

�

+

�

<
�

?




8 �

<




8 �

B

�

5

8

B

�

	



� �

�

�

"

�
�

� � � �

� (

�

�

� � �

3496 3506 3516 3526 3536 3546
p0 recoil mass in MeV

0

400

800

1200

1600

2000

2400

E
ve

nt
s/

1 
M

eV
 b

in

3496 3506 3516 3526 3536 3546

p0 recoil mass in MeV

0

50

100

150

200

E
ve

nt
s/

1 
M

eV

0

1

	




� ��

�

�

6

�

�  

�

�

1

�

+

�

� � B




? <

"

�

0 � �

�

�

�

( (

�

(

�

�

�

(

�
	

�

	

��

�
���

<

+

< B ?




? <

"

�

0 �

 

�

0

1

�

+

�@
?

<

� � �

�




B
�

A




B
��

�

"

�

0

,

�

<

�

4

+

�@
?

�

<




8 �

B




B
�

A

�

5

8

B

�

	

� �

�

�

��

� �

� 

�

0

1

�

+

�
? <

� � ��




B
�

�




B
��

�

"

�

0

,

�

<

�

4

+

�

� �

B




B
�

�




B
�

A

�

5

8

B

�

	

"

� 	 	

�

	

�
8 �

B




B
�

�




B
��

�

"

�

0

��

(

�

�

	

 

�

9

�

(

� 


�

�

<

�

4

�

�

�

� �

�

�

��8

B

�

9

�

B
��

�



� � �

��

�

�
�

�

� �

.

/

0

1

�
�




� ��

�

���

�

�




�

(

�

� �


� �

�

�
�

� � �� �

�

�

�

	

� �

� � � � � � �

�

� 0

1

�

��

0

1
�

5 �

1

�
�

� �

�

�

�

�
�




� �� 	




�

� � �
�

	

;

8

�

� � �

4

�

� �

�

� �

� 	




� �� � � �� �

�

�

� �

	

�

"

�

+

�

�

�
�

�

(

�

"

�

+

� � �

!

�

�

� �

�

�

�

�

�

�
�

�

(

�

�

	 �

� �

� � �

�

�
� �

	 � �

�




� �

�

�

(

�

� �

�

� 8

�

� � �

4

�

"

� �

�#

�

+

�



�
� �

�

�

�

� �

�

� %

�

6

�

�

<

�
6

�

�

�

�

� � � � � �

�

�

+

�

��

�

�

% %�

��

= �

0

� �

�




� �

�

�

(

�

� �

�

�

� �

�

�

� �

� � 	 �

�

�

�

�

�

� 	

� �

�

�

�

�

�

�

�

�

� � �

� �

� �� � �

6

�

�

�

� �

�

�

	

�

�

�

�

�
3

4

�

5

�

�
�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

� � � �

�

�

	

�� 1

� �

(

�

�

	 � � �

,

	

�
	

,

�

��

"

� � 	 �

�

�

�

�

�

�

2

� �

�
3

4

� "

�

0

+

2

� �

�
3

4

� "

�

0

+

"

� 	




� �

( �

	

�

� �

+ "

�

6

� �

�

� �

� �

� ��

�

�
�

+

� �

� 	 �

�

� �
�




�

� � �

�

�

�

�

5 5

�

3

4

�

5

�

�

�

�

�

� ��

�

��

� �

��

� ���

	

�

:

�

( (

�

�� :

�



�

,

� �

"

&

� �

&

+

�

5 5

�

3

4

�

5

�

�

�

�

�

� ��

"

��

+ "

�

�

+ "

�

�

+

�

�

�

"

� �

+ "

�

�

+ "

�

�

+

�

� �

�

�� �

�
�

,

� �

%

��

%

"

&

� �

%

+

� �

5 5

�

3

4

�

�

.

�

� ��

"

%

��

+ "

��

+ "

& &

�

+

� %

�

"

% %

�

+ "

�

�

+ "

� �

+

�

� � �

�� �

	



,

� �

&

� �

&

"

&

� � �

+

�

E

� �

�

5 5

�

�

�

E

� �

�

5

�

�
�

�

&

�

�

"

�

�

+ "

� �

+

� �

�

"

� �

+ "

�

�

+

2

�
3

4

�

+

8 �

�

�




B
� 8

?

"

�

0

=

�

� � �

,

� � �

�

�

�

,

�

�

"

&

� � �

+

C

�

�

�

�

�
3

4

�

5

�

�
�

�

+

�

%

�

�

�




�

�

�




%� &

+

'

�

2

�
3

4

�

�

� �

�

�
�

	

+

2

%�

� �




�

� % % "

�

0

2

"

& �

�



�

�

�

+

5

8

B

9

2

�
3

4

�

5 5

�-,

� �




(

�

��

�

�

�

���

1

�

+

B
�

?

�




B
�

B ?

#

	 �

�

���

�

�

+

B
�

? <




B
�

B ?

"

� �

=

+

�6

2

�
3

4

�

�

��

�

�
�

�

+��

�� �
� � �

��� � �

 

�

�

�"!

#%
$

& �
� � �

� �
' �



� �

�

�

�

� � � �� ��

�

�
�

�

�

�

�

�

�

�

�

�

'

�

��

�

�

�� & ��

�

�
�

� �

�
	

	

�
�

� ��

���

� �
$ $

� � �

�

� �

�

�
�

�

���

�

�

�

�

�

�
�

���

�

�

�

�

�
�

�

�

�

:�

�

!

� � ��

��

 

�

�

� !

 

�

� �
� �

�

� !

 

�

�

� "

 

�

�

�
#

�

�# $

 

�

�# �

 

�

�

� �

�
% �

&

��

� "

 

�

�

� �

�

�
'(

�

�

�
'

�
)

�

�

� �

 

�

�

� �

�

�
'

�*

�

�
'

�+

�

�

� "

 

�

�#

�

�

�
'(

*

�

�
'

�,

-

�

�. / / / ��#

 

�

�

�

��

"

 

�

� $

�
�

�

 

�

�

�

�

�

�0	

	

�

�� �

�

�

$

�

�

#

�

�

�
'

�

� 1

�
�

�

�

���

� �
$ $

� � �

�

� �

�

�
�

�

�

�0	

	

� �

�

�

�

�

�

 

�� �

$ 2

�

$ $

�

�

�

 

�

�

"

%

� ��

!

3

$

� � �
4

�

$ $ #

�

�

�

 # �

�

-

�

�. / /

"
�

�

 

# � $

5

2�

� �

�

�

 # �#

67

�

�

�

#

�

�

�

"

 

�

�

�

4 '

� � �

$

�� � �� �

�8	

	

� � � �

 

� �
9

: :

;

<

�
=

>
?

@

A

=

� � �

��

�

� ��

BD
C

E

F

G

% �

#

'

�

!
'

��

�

�
� �

�� � �

�

�
% �

&

�

9

H

:I J

K KM
L

N I I N O



� �

�

���

�

�

�

�

�

�	�



� �




���
� �

� �

� ��� ��

� �

��

�
���

�
 �� �!

"

�

#

$

�

�0	

	

%

&'(

)

�

F

�

:

�

:

�

;

<

�

*
+ B

,-

 

*
+

*

E E

�

�
'

� �*

�

�
'

� �
)

:

�

:

�

;

<

�

*
+

* ,
.

 

*
+

*/ /

�

�
'

� �
)

�

�
'

� �0

1

;

<

�

*
+

*2

.

 

*
+

*
3 3

�

�
'

� �
)

�

�
'

� �0

:

�

;

<

�

4

�

�

�

�
�

)

5

�0	

	

�
�

� � �

��6

:

�

:

�

;

<

�

79
8

:;< &=>

?

;
@ A

&

A 2�

�

7

;
@

=(

B9
C

% 2

DEF

G

2 /

H

E

* *I

J

K

�

H

*
+

/

3

 

*
+ B3

 

*
+

*-

J

F

L &
M

:(

N7

; >

8 7

(

@

O

:=

%

> &

4

#

<

�

P

�Q
�

�

�

R
S

T

U

�

"

�

�

�

"

 V �

� �
W

�

�

�

> = '

O

(

X

Y

@

= :

8 7

(

Z

N

& Y( : :

[]\

\

6

>
?

@

(

^`_

6

> >

;

<

[

6

> >b
a

�

a

�

-

&'(

c

d

C N

( '

8

Y> ( '

H

.

(

e

J

L
% �

&

H

-

(

e

J H

;

J H

<

J H

Y

J

Z

N

(

@ 8 % 8 M

;

N

O

>
?

@

_

E B B

/

+ E

/

+

-

E 3

 

3

>
?

@

(

E
I /

B

, / I - fg

 

"

>
?

@

�

/

3 B E
I

3 E E
I I

E
/

 

B E

C

h

& :(

M

:

8

>

8 7 8

>

O

> &

?

@ �ji

:

%

;
@ @

)

k

?

@

�

6

;

<

[

l

+

/M

Y

@

= :

8 7

(

>
?

@

�
i ?8

m

?

<

m

+

� 8

Y

?

> (

Mo
n

%

;

M

(

n

p

=

8

m m

Cq r

Ds

i

H

;

J	t

8

>

?

&=>

G

H

<

J
t 8

>

?

Y &=

Z

@ 8 M

m

> & &

Z

(

M

Y

?

;

M M

(

@

:

G

H

Y

J

i

u

% q

G

?

(

Z

n

Z

?

v

*
3 B B

* * /

G

> &< (

Z

=<

@ 8

:

?

( '

8 M 6 M M + C ?

O

:

+

H

E

* *I

J

+

� 7

(

M t 8

>

? %

;

X8 %

=

%@ 8 .

(

@

Ox
w

k

[
\ \

6

>
?

@

�

l

G

)

k

[]\

\

6

>
?

@

A

l

4
y

H

E

F

J

+



� �

�

-

;

M

O

L
% �

&

;

M

;
@

O

:( :

8 M

Z

N

&

m

N

( : :

i

[
\ \

k

g f f �

l�6

�
�

=

�

�

�

�

=

%

=

@

>

8

n

< &'

O

G�
�

N

(

n

Y

?

( Y

. +

	t

& :(

Z

;

N

; > ( L
% �

&

;

M

;
@

O

:( :

Z

N

( :(

M
> ( ' > &

% C

*I

H

Z

N

(

@ 8 % 8 M

;

N

O

J

G

M

&(

7 8

'(

M

Y(

A

&

N

;

M

O

@ 8

m

?

>

n

?

; '

N

&
M

[
\ \

%

&'( ;< &

7

( (

X

Z

( Y> ; >

8

&
M

:

A N

&

%

Y &
M

>

8 M

= =

%

Z

N

&' = Y>

8

&
M

(

X

Y(

Z

>




1

+

�

Z Z

(

N@ 8 % 8

> : &
M E

2

%

&'( : :=

% %

( '

� )

5

[
\ \

6

H

@ 8

m

?

>

?

; '

N

&
M

:

J

K



# �

!

P

+ � X

;

%

Z

@

( :

i

-

&'( �

H

/

+

2

. 3(

e

J

�

H

/

+

. . 3(

e

J

H

Z

<

J

B

E B

Z

<

�

(

K H

Z

<

J

B

E

,

B

Z

<

�

(

K

H

:

,
+

*��

( '

*

�

( ' )

 

*
+

-

3 + 3

 

*
+

/

 

*
+

I

� :��

B3 +

I

�

_ '

�

�

_ '

0

 

B+

I

B3 +

,

 

*
+

2

 

B+

I

H 1

-

+

2

�

_ '(

�

( '

,

 

B+

*

B

*
+ 3

 

*
+

I

 

B+

*




1

4

�
�

�

3 +

I

 

*
+

I

 

*
+

I

���

�

�

�

�

E
/

+

I

�

) '

�

�

_ ' )

 

/

+ B E
/

+

I

 

B+ B

 

/

+ B

�

(

: .

+

-

�

0

'(

�

_ ' )

 

B+

,

.

+

2

 

*
+

.

 

B+

,

/ A

Y

N

& : : :( Y>

8

&
M

: : Y;
@

( ; :

#

<��

i

�

H

/

+

. . 3(

e

J

v

�

H

/

+

2

. 3(

e

J��

*
+

- I

+

	 ?

( :( ;

M

' &>

?

(

N

Y

N

& : : :( Y>

8

&
M

:

; >

/

+

. . 3(

e

;

N

( Y &
M

:

8

:> (

M
>

t 8

>

?

Y &
M

>

8 M

= =

%

; >

/

+

2

. 3(

e

h

&�� :

%

&

. 8 M

m mb
=

M!
 

:

8

m
M

; > =

N

(

&

A M

&
Mo

n

"

�

"

[
\ \

'( Y;

O

:

+

# M

&

t M %

&'( :
$

;

<

[

G

>
?

@

A

G

@ 8

m

?

>

?

; '

N

&
M

:

G&
%

% %

�

'

)

k

[
\ \

l

4

H

A

(

t

F

J

+

	 N

O

8 M

m

> & =

M

'(

N

:> ;

M

'

Z

& : :

8

<

@

( '

8

: Y

N

(

Z

;

M

Y

O

&

A B
C

E M

<

8 M

�

k)(

�

(

�

6

[
\ \

l

G

&

N

)

k

[
\ \

l+*

#

�

C

E

*

F

+ �,

( Y> &

A N

; '

8

; >

8 7

( Y &

N N

( Y>

8

&
M

:

9

L
% �

&

�

N

(

%

( ; :=

N

(

%

(

M
>

8

: Y

N

= Y

8

;
@ +



�

�� ��

�

�
�

�
�

�	




�
�

�
�




� �� �

�

� 	

�

� ��

�

�

L
% �

&

:( ( :

f

(

7

(

M
> : &

A "

�

6

�

�

�

�

8 M

�

� �

Z

<

�

(

&

A

(

�

(

�

Y &

@ @ 8

:

8

&
M

:; >

c

�
�

*

g

%

f f

3(

e

� )

k

"

�

6

�

�

l
*

k

g

%

�
�

�%�

�

�%

�

l��

�

�

�

�

;

M

'

�

 "!

*

k$
#

�

#

�

� �

�

�

f

l$%

(

e +

&

%

;
@ @

(

N

(

N N

&

N

:> & Y &

%

(

H

&

+

&

> &
M

(

G(
'

,
)

Z

<

�

*

J

i

Y

?

( Y
+ @

; > >

8

Y(

p

L

r

Z

N

( '

8

Y>

8

&
M

:

+

,

�� �
�

�

-

�

	

.

�

� � � 	

�

�
/ �

.10

�32

�

�

�

��

� �4 �

�

�

	

� 57
6

T8:9

;
<

=

>

�@
?

A

B

�

9




C:
D

%

; : : '

8 ,

(

N

(

M

Y( :

G

t 8

' >

?

:

8 M %

(

e N

(

%

( ; :=

N

( '

i

L
E �

F

Cq r

G
H

G

* I I

) )

*
)

H

'

* *I

J

C r

I ;

J

(

N

;

m

( :

H

'

* *
3

J

&

> ; > (

K

k$
L

�

M

l3N

K

k$
O

M

l

w

k
L

�

M l

K

k$
L

�

M

l
N

K

k
O

M

l

w

k
L

�

M

l

L

�

� �

M

#

g

�%

�

�

�

%�

�

�

%

g

�� %�

�

*P

�

�

* P

Q

�

�%� #

g

� %

�

�

�% � �

R

�

�

L

�

�

M

S S

#

g

�%

�

�

# %

g

4

�

f

L

�

�

M

#

g

�% �

�

�

%

�

�

�

%

g

�

�

%

�
�

*P

T

�

* P

U

�

�%� #

g

# %

�

�

�%

g

�

g

�

�

V

: & :

Z

8 M %

; : : :

Z

@ 8

> >

8 M

m

:

M

&

t

W

=

8

> ( :

%

;
@ @

G

8 M

; Y Y &

N

'

t 8

>

?

>

?

( &

N

( >

8

Y;
@

(

X

Z

( Y> ; >

8

&
M

:

X

( ;

J

O

W

= ;

N+

:

O

% %

( >

N

O

i w

k
L

�

� �

M

l

Y

w

k$
L

� �

M

l+*

w

k
L

�

�

M

l

Y

w

k
L

�

M

l+*

f

%

�

�

�

% �

F

< :(

N J

(

i w

k$
L

�

� �

M

l

Y

w

k$
L

� �

M

l+*

�

%

�

�

�%

g

G

w

k$
L

�

� �

M

l

Y

w

k
L

� �

M

l
*

f

%

�

�

�%

f

+



� �

L

N

& : : :( Y>

8

&
M

:

M

&

N %

;
@ 8 �

( ' <

O

�

k
(

�

(

�

6

�

�

�

�

l

B

L
E �

F

G

Cq r

G
H

G

*
) '

* *
3

H

'

* *I

J

i

� J

(

M
> :

t 8

>

?

�

�

�

�

� J

�

M
> :

t 8

>

?

�

�

�

O

0.36

0.34

0.32

0.30
11.15 11.20 11.25 11.30 11.35

s1/2 (GeV)

R

1631004-101

( a )
0.35

0.30

0.25

0.20

0.15

0.10

R

11.15 11.20 11.25 11.30 11.35
s1/2 (GeV)

1631004-102

( b )

� M

�

N

m

O

� �

Z

�

M

� �

M

Y ��

A

�

k

�

�
�

l

i

�

k$
O

�

O

�

l
	

�

�

%

�

�


��



�

�
�� �

�





�

�

�
�

�

8

�

8��

�

C�	


�� 




C��

�

�

�

�
� �

�� �

8:9

�

�

B �

C���

��

�
�

� �
! "

� �
!

#

$

%'
&

(

)+*

(

)-,

(

.0/

13
2

1
4

5

%

*6

,7

8

9

6

9

*

8

9

6

9:

)
*6

9 ,

8

9

6

9 ,

8

9

6

9 R

)

* 6

,7

8

9

6

9 :

8

9

6 &

9

.<;

�

=�>

�

�@
?

�

A

	

BD
C

E �FG

H0
I

��J

� K

L

�

� ��

�
�

�
�M

"

� �
!

N

"

� �O

P�Q #

R

S
T U

SVW X
Y

S

U

S
Z

[W \
]̂ _

[

Y

V

Z

W

`

[

`

\

Z Y

V [ SW [ \

a

�

b

%'
&

c

.

)

ae
d

�

b

%

* c

.

W [V [ SW

f

SV

Y

�
g

SW

]

\
Yh

%0
i

d

(

.
/

jk

�

%
i

(

. %
i

l

5

i

d

.

S
m

�

�

Xn S

U

V

Z

o

U

\ n S

�

W

�

f

[

Y

\

Z

p

SW [ X

q q

S

Y � ` U `

[
r

i

d

5

,

s

i

5

&

s

$

tvu

6

,
w

&

9

4

x



�y

�

�
�� �

�

�

k
z

W SV

Y

�
g

SW XW

`Z

p

W S

{

X S
Z

[

`

V

�

q

Y

\ � SW W SW

h

%

, (

.

/ |~} •

z

%'
&~

€

c

€

.

/ |
}

j k
z

%'
&

(

.

V

Z

n

h

%

, (

.

/

j

a
d

z

}

/

j k k
z

%'
&

(

.

V

Y

S• S

`Z

p

� \

Z

n X � [ Sn • X [

Z

\

Y

SW X

�

[W

o

S [

�

‚ƒ �

�F„

…0
†

�„ �
‡

I

…

�F„

�

ˆ
‰ ƒ ‡ Š

�

�

>

�

�
? �

E �FG

H0
I

N

J

� K

L

J

L

�‹

�O

Œ

•

P

Ž

•‘•

$

%
’ ’

j

.

“

$

%
’ ’ ’

.

U

SV W X
Y

Sn XW

`Z

p•”

–^

—

V V V

n V [V V [

˜

Z

SV

Y &

(

s

*

(

s

, (

Ž

•

%'
&

(

.

5

%

*6

™ 9

8

9

6

9

&

8

9

6 &

7

8

9

6 &

,

.
;

s

Ž

•

%

*

(

.

5

%

,

6 *

:

8

9

6

9

*

8

9

6

™š

8

9

6 &

:

.
;

s

Ž

•

%

, (

.

5

%

* 6 *

:

8

9

6

9 ,

8

9

6 u

,

8

9

6 &

›

.
;

Ž

•

%'
&

(

.

� \

Z

W

`

W [ S
Z

[

T `

[

g

”

–^

—

_ �

œ
•

V

�

X S

%

*6

™

u

8

9

6 &

š

8

9

6 &u

.
;

ž
Ÿ

 ¢¡



�

�

�

�

�

–

\ \
� ]

\
Yh

%

, (

.
/

j

/

j

|�2 |
4

/

j

|�2 |
4

j

h

%'
&

(

.

`Z

”

–^

—

V V V

n V [V

�

œ

¡

�
�

�

11S0

23DJ

33S1

21D2

13DJ

33PJ31P1

23PJ

23S1

31S0

42S1

21S0

13S1

13PJ

10200

10000

10400

10600

9800

9400

9600

M
as

s 
(M

eV
)

1600605-002

21P1

11P1

11D2

9200

1

2

,ee

Signal (S-wv)
 Background

200

180

160

140

120

100

80

60
0 40 20016012080

E
1 

(M
eV

)

Signal

1600605-004

Preliminary

	

W S S

•

S
Z

[W

T `

[

g

�

• \ [

g

s

\

Z

S

�

W \
]

[

q

`

\

Z

W

¡ � `

W W

`Z

p

q

`

\

Z U

V W W

%



.

•

W

¡ �

\

T

S

Y �

•

¡

*

|

r


 S

•

S
Z

[W W S S
Z

s

y

¡

�

8

y

¡�

• V�

�

p

Y

\ X

Z

n

¡ &

|

r _


 S

•

S
Z

[W W S S
Z

s

� ¡ �

8

y

¡

�

• V �

�

p

Y

\ X

Z

n

¡

�

SVW X
Y

S
�

%

a�d

z

€

/ |
2

|
4

a

z

€

.

5

�

%

a�d

z

�

/ |
2

|
4

a

z

�

.

5

%

9

6

š 9

8

9

6 * &

2

}
� �

�

4

}
� €

U

.

�

S
� ¡

�

\
Y � `Z

p

Z

\

T

\

Z

ae
d

z

/ |
}

|
}

a

z

¡



�

ƒ ‡

F �

�

�G

�ƒ ‡

�

N

‰

� I„ �
�

P

�

Œ

…
0†

H0
I

ƒ

F I „ � „

†

�

� �

G F„ �

� ƒ

�I

�

J

� K

L

†

G I

‰

G E � G

� ƒ

E �

�

G

� ƒ

�„

H

�
�

F �
‡

„

� ƒ

� ˆ„

ƒ

�
‡

I „ �

†

�G

�

H

Œ

�

ˆG

�	

I

…

�F„

�

� I F �

…

H�


F

†

G

� ‰

�
‡ ƒ

ˆ
‰

�

F

†

G

� ‰

�

� �G ˆ„

H

�
�

�

�

Q

� �

�I �

‡

„ F �
‡

„

� ƒ

� ˆ„

ƒ

�
‡

I G

�

� �G I � E �
‡

J

� K

L

� � �

EG „ G

ƒ ‡

„

†

�

�

G

‡

E

�

=�>

�

A

�

‡

�
�

�

H

�

G

‡

�

�I G

‡

E

�

=�>

�

A

�

F �
‡

„

ƒ ‡

ˆ ˆ
‰

�

���

�

=

? � ��

A

EG „ G „ G

	

�

‡ � ƒ

„

†

„

†

�

J

� K

L

Œ

F E �„ �F„ �

� Q

‚ƒ

I F �

�

�
� ƒ

�I

ƒ ‡

F

�

ˆ E �„

†

�

�

�
‡

�

Œ

I � ˆ

�

†

„ �

�

�

„

†

� I

…

ƒ ‡

Œ

I

ƒ ‡

�

�

�„

�

Œ

�

G

�

�

�

�

� ˆ

‡

E

I„ G „ � �
�

F

†

G

� ‰

�
‡ ƒ

ˆ
‰ Q �

„ I

‰

G I I G

‡

E

…
0�

� E ˆ F„

ƒ

�
‡ �

G „ �G

�

�

‡

�„ I ˆ

�

…
� ƒ

I

ƒ ‡

�

� ˆ„

�

� E �
‡

�

„ G

� �

G

H0
I

‡

� � E I ˆ

�

…0
�

ƒ

I �I




F �
‡ � � ‰

G „

ƒ

�
‡

�
�

�G I

ƒ

F

ƒ

E �G I G � � ˆ„

�

ˆG

� 	

F �
‡ � ‡

�

‰

�

‡

„ G

‡

E

ƒ

I � I

…

ƒ ‡

Œ

�ƒ

�

�

G „

ƒ ‡

���

�

Œ

�

‰ ƒ

I I

ƒ

�
‡

„

�

G

‡

I

ƒ

„

ƒ

�
‡

I

Q

‚

�F G

H0
I

�
�

���

�

=

? � ��

A�G

�

� I

†

� E E

ƒ ‡

�

�ƒ

�

†

„ �
‡ ƒ

„ I

‡

G „ ˆ

�

� G

‡

E

�

�

�

� �

	

�

�

� �

G

�

E„ �

‰

ˆ F

† ‰

�

�

� EG „ G �
‡

„

† ƒ

I I„ G „ �

Q

� � ƒ

F

†

J

� K

L

…
�

�

�

�

G

‰ � ƒ � � ƒ ‡

F

�

ˆ E �

‰

ˆ F

† �

ˆ

�

„

†

�
�

I

…

�F„

�

� I F �

…

H�


�

�I �
‡

G

‡

F �I G � �

�

� „

† �

�I

†

�

�

E I

�

�

� �

�

�

�

�

�

���

N!
 

F

Q

F

Q

P

�

�
�

�

�
�

�

F �

� �

�I

…

�
‡

E

ƒ ‡

�

�#"

�

$

%

„

† �

�I

†

�

�

E I

&

�

%

I„ ˆ E

ƒ

�I

&(
'

)

�

*

+ƒ

�

†

„

Œ

�

ˆG

,	

I„ G „ �I

Q



�

� `

W � \

•

S

Y

Sn

`Z

|
2

|
4

�

“
�

U

\ n S•

o

�

S

� �

S

`Z �

/

��

�

, š :

*

. �

”

�	

s

�

y

s

6 6 6




�

r

3820 3840 3860 3880 3900

M(p+p-J/y ) (MeV/c2)

0

10

20

30

E
ve

nt
s/

5 
M

eV
/c

2

0.40 0.50 0.60 0.70 0.80

M(p+p-) (GeV)

0

2

4

6

8

10

12

ev
en

ts
/1

0 
M

eV

�

S

� �

V • \

•

S
�

�

�

[

g Y

SW

g

\

�

n




]

V

•

\
Y

W X

Z Z

V [ X
Y

V

�

���

5

9

4

)��

2

)+*

4

�

�

���

X

Z � `�

S

�

o

�

�

S

� �

S

r

���

�

�

���

�

W [

Y

\

Z

p

�

o

]

V

•

\
Y

Sn

�

V

Z

p

X

�

V

Y

n

`

W [

Y `

• X [

`

\

Z

W




�

�

“
�

V

Z

n �

�

“
�

n S� V

o

W

�

– `�

S

�

o

V

Z

f��

T

V

•

S • \ X

Z

n W [V [ S \
]

�

�

}

�

�

�

}

�

�

�

}

�

�

}

 

“



!

"

#

�

#$

�

$

�&%

'

\

Y Z

{

• `

W [




f

T

V

Z

W \

Z

�

¡ �

\ SW

Z)(

[� \ X

q

�

S [ \

j

�

\
Y

j j

*

”

–^

—

s�+

, –

-
.

s

y /

�

y y

0

�

�

y y œ

�

1

¡



�

�



�

�

�

V

Z

n

�

���

Y

W [ S
m

�

`

[V [

`

\

Z

W W

` U ` �

V

Y

s

W � V

�

S

T

S

� � ] Y

\

U � Y

W [

�

S
m

�

`

[V [

`

\

Z

W

�

�

�u

� ™

�
�

“

!

�

 

V

Z

n

�

�

�

™

!

�

�

�

“

!

�

 

r

"

W V

U

S

�	

� 
��




	




�

�

�

��

� �

��

�

�� �

�

��

"

�

“��

�



� �

“��

�

¡

� �

���

�

� �

�

�� �� ��
�

�
�

�

�

� � �

�

��

�

�

�

�




�

$ 

!

�

�

��

� 


�

�

	

�

�" �

�

�

#

�
�

$

�

� 


%

&

!

�

'

(� )

�

� �

���

�

�

*

$ �

�+

�

�

�� �

��

�

�

�




�, ,

��

�

	

�

�

�

� �



-

�

�
�

.

%

&

!

�

'



� � �

�

�

�

��

�

�

� ��� ��

�

�� �

�

#

�



�

� � �

� � ��

�

	



�

� 
 


�

�

�� � �

�
�

�

�

�


 , $ ��

�




� "


 �

��

�



� �



-

�
�

�

��

�

�

�

�

�

�

�




�

�

�



�




�

#
�

�


�

�

� � �� � �

� ��

#

�

�

, 

�

� �, �

#

�

��

�

�


 , �

� �



� �

�� 


�

�

�

� �

�



� �

��

�




�

*��

� ,

�

+ , �

�

���

�
�

�

�

�

�

�

�

�

1

� ( �

�

�

�� 


� �

�

�

�

,

�

�

�� 


� �

�

�

�
�

�

*

$ �

�+

�

- � �

�

�

� �

� �

$� $ �

� �

#

�

� � �� ��

�� �

�

�

�

�

#

�



� �

��

�

� ��� 


�

�

�

�� 


�

�

�

� �

- �

�

�

�
 

!

.��

% �

�

�
"

#

#

' �

�

�


� ��

� �

�

�

�� 


�

�

�

� �

�

�� � �

#

�

�

$
%

'

&
'

(
) )

*
+ , '-

*.

'

/

+

0

1

2

3
4

& (
)

0
5

0 (6 *

79
8

*
:

; 79
8

*
:

;

< *
+

/
= 1

2

3
4

>@
?

A

>@
?

B
C

BD
E

D BDF
G E

B

HJ
I

I

KM
L

N N O

P

>R
Q

>T
S

B
C

U

V

E U

BC V

G E

V

HW
I

I

KM
L

N N O

P

>@
?

>Y
X

?

Z
[

E

[

E

BD

C
\ E

B B V B

G E

C

]

KM
L

^ N

_

P

>
Q

>`X

Q

Z
[

E

[

E

BD

C

V

EG

B V

G U E

a

]

KM
L

b

c

O

P

>d
X

?

>`X

?

G

F

\

B

EG G

F

C

e

E

e

H

K
Lf

P

>d
X

Q

>`X

Q

G

F

U

F

E

F

G

F D
\ E

F

H

K
Lf

P

>

g

A

>

g

B V B a

E

a B V VD
E

D

h

>

g

>`X

g

Z
[

E

[

E G

F D F

EG G \G

F

E

e

h

>
X

g

>Y
X

g

G U UG E U G U

D
U E U h

i

�� �

��

�, ���

� �

�� �� �

#k
j

�

� �

��

�

�

�


� �

�
l

-

�

�

� 


�

m

j

#

�

�

� �

�

,

� �

�

�

� �

�

�

�

� �, � $

�

, ��

��

�9n

�



�

�� �

�

�




�

�

�� � �

�

�

� �



�

�

�

�

� �




�

� �

�

#




�

� 

� +

�

-

�
�

��

' 


�

�

�

��

�

�



��

���

�

�

� �� ��

�
n

�

��

�

� �




�

�

�

�

� �

�

�

�

�

#

�



� �

�

�

�

�

�


 , $ ��

�




�

�

$�� � � 


�

��

� �

��

�



�

,

'


