
� � � �

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

 	! � �� " 	! " � "� 	 # 	 # � 
 $ �% � �& �  � ' � "(

)+* , - . /0 1 23 4 / 1 5 /6 23 4 . 2 1 /7 8 -7 2 4 1 9: 2 - /7 .; < /= 4> 4 1 ? = 4 9 1 4 6 9 1

6 1 /@ 0 7 A 4 1 . 2 97 A -7 8 3 /= - 2 = / 1B . -7 @ 97 5 -@ C / 1 2 97 2 : 9 . 4 .;

D 97 5 3 9 A 1 / 7 . A - .: / > 4 1 4 A 1 4: 47 2E 5 3 9 > 4 C0 F F E -7 8 C 1 / C 4 1 2 - 4 .;

< 9 A 1 /7 . C 4: 2 1 9 / 6 2 47 9 1 4 : 10 : - 9 E -7 . 4 C 9 1 9 2 -7 8 4 E 4: 2 1 /= 4 9 B C 3 5 . -: .

6 1 /@ . 2 1 / 7 8HG -7 2 4 1 9 : 2 - /7 4I 4: 2 .;

)+* , @ 9 5 7 / 2 J 4 23 4 /7 E 5 -7 . 2 97 : 4 /6 -@ C / 1 2 97 2 7 /7 G C 4 1 20 1 J 9 2 -> 4

4I 4: 2 .K L 4 C 1 4 C 9 1 4 A 6 / 1M <* .0 1 C 1 - . 4 .;

N 2 23 4 O 0 9 1B 97 A E 4 C 2 /7 E 4> 4 E K N 7 -7 2 1 -: 9 2 4 E 4> 4 E . 2 10 : 20 1 4 97 A 9 . 4 2

/ 6 2 1 97 . - 2 - / 7 . 9@ / 7 8 23 4 . 4 E 4> 4 E . 6 / 1 = 3 -: 3 = 4 3 9 > 4 7 / 6 0 7 A 9@ 47 2 9 E

0 7 A 4 1 . 2 97 A -7 8 ; P 3 9 1 C 47 -7 8 . C 4: 2 1 / .: / C -: 2 4: 3 7 - O 0 4 . @ 9 5 3 4 E C ;

Q / A 9 5R . 2 / C -: .K

M - 8 3 2G O 0 9 1B S 97 A 7 /TG O 0 9 1B U . 2 9 2 4 . ? : 3 9 1@ 4 A 97 A J 4 90 2 5 3 9 A 1 /7 . ?

3 4 9 > 5 O 0 9 1B / 7 -0 @ SWVY
X V ?+Z
X

Z U ? 6 0 20 1 4 C 1 / . C 4: 2 .;



� � � �� �

�� � ��� 	 
� � � � 
 � � � � � �� ��� � � �� �� � � �� � � �� � � � 
 � � � � � ��! " � �� � 
 
 � �  �

# �� �� � $ � � � � � �� � �� % � � � � � � $ � � 
 � � ! & � � ' # �� �� � $ � � �( � � � �� � � 
 �� �  � � �)

* + � � � �� � , � � , � �� � �� � � 
 � � � 
� � � � � 
 # � � � ' � �� � �.- � ( �� �� � � � �  � � � � � �� �

* � � �� �  � % � � � �� 
 � 
 � � � # � � � 
 / � � �� � 
 �  � � � � 
 / # �� � � % � � � $ �� , 021 �3 � 4 �

* 5 � � ( %6 � ��7 
 % � � � �� % �� � � � � � 
8 � �� � � � � � �� � � � $ � � � � %6 � ��7 � 
 �� 	9� % � � � , ��;: �� 9 � � � � �� �� � : � � � � 
 �

* � �� � � � � � � � 
 � � � � ,6 � ��7 
 � � ! , ! < � �6 � ��7 
 � / � �8 
 � � � � 
 �� � % �� # % ��= ��  �� �� ' + � #7 ��

> ?@ A@ ?CB / 1 � 3 � ' D � �E �7 /F � � � ' D � � E �7 �

* G � � �� � � �  � � 
 � � � # � � � � 
 �8 � �� � � � � �( � 
 � �� � � � � � � � � � � 
 < � � � # � � � � � � � � 
 �

* �� 	 
 � � � �  � 
 � � � � � � 
 � � � ( �� � , �� , � ( �� � � 
 � � � � � � 
 �

H = -E E A 4 .: 1 - J 4 C 3 47 / @ 47 9 2 / = 3 -: 3 23 4 . 4 @ 4 23 / A . @ - 8 3 2 J 4 9 C C E - 4 A ;



� � � �� � �

� U � 9 20 1 4 / 6 23 4 E /= G 47 4 1 8 5 P G = 9 > 4 � � 97 A � -7 2 4 1 9 : 2 - /7 .

" � F '8 � ( �� �  �8 ' � � 
 
 � � � � � � � � � � �� �� �� � � � � � � � � � 9 �: � � � 
 $ � �� � 
 � � � �

� � 
� � � $ � � � �  � �� � �� � � 
 ! � 
 � � � � � 
 � � � � � �� D � � � � 
 � � 
6 � ��7 � � � � �� ��

� 
 �� �� � � � �� � � 
 # � � � �� ,  �8 ' �� �� , %
	 � � �� � � � � � � � � 9 �: ��

D � � � � � � 8 �  � �� � � $ � � � � � � �� � � � � �� � � � � $ � � � � % � � � � % 
� 0�   �� G� 	 � � 4

� U* 97 = 4 0 7 A 4 1 . 2 97 A �� ��� 9 . = 4 E E 9 . J0 @ C .�

F � �� �� �6 � �� � %8 � �� � �8 � � � � � � � # �� 
 � � ! , ! <� � F '8 � ( � � �	 @
	 �� � � 
� �  � ��!

 �� �� �� � � # � 
 � � � � � �� 	 �  � �E # � � 
 � �� � � �� � � � � � � $ � � � � % � � 
 � � � � � � % 
 !

�� � � 
� �  � 
 � � % # � % � � �  � �� 9 � �  � � �  �: �� $ � � � � 
 � � � � � �� � � � � � � !

� U ) * , C 1 4 A -: 2 . 8 E 0 /7 -: 4� : - 2 9 2 - / 7 .; * 97 = 4 . 4 4 23 4@ �

� �� � '6 � ��7 
 � � � � 
) 9 ,  � � $ �  
: ! F � � � � 
8 � �� 6 � ��7 
 � � � ,  � � � 
) 9� % $� �� 
:

�  � � $ �   
 � � � � �� 8 � �� ? @ ? � ? ? @ ? @ ? ��� � � � � �� , � � � � � � � 
 / � � 
 � � � � �� 
 � � � � �� � � !

5 % $� �� 
 � � ! , ! ? @ ?  � � � % � � ( � � � 
 � �� � � � ( � !#" $ #� � # �� � � � 
 < � � � � % � � � � 
 !



� � � ��

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

	 % � � � �� �  � � ! � � � � 
 � � � � � � �� � � � � � �� � � � � � � �� � � , � $� � < � � � 
 
 �� ,


 % � � � �� % < � � � � �� � � % ��� � �8 � � � � $ �� �� � ��! G �  �8 � ��  �� , � �� � , �� �� % # �� � � � � � � 


� � �� $ � �8 � � ! � 3 � � � 
 � �3 �� �� � � � � � � " �  �� E �� � � � � � � � ! , ! �� � � � � 0� !

� � $ � � � � 1 +� < G�   �� ��! � /� ! � � $ � <� ! � � 
 �� � � � < � � � 1 +� < G� 	 "# �� �$ � � 4!

0

5

10

15

20

25

0.3 0.4 0.5 0.6

Ös  (GeV)

c
ro

s
s
-s

e
c
ti
o

n
  

(n
b

)

gg p p0 0

� ! G �� � �� , � � � �� � # ' #� %'&( &) ! � ! �)

� � � 
 
 �� , 
 % � � � �� % �� # � � �� � � � *+, +

F ! � ! � � % 0 G + "� - �� �� � � 4

� # �  � � �. . �'/ 0 � 1 � � ��

 $ � � �� 2 3 � � � � 4 � 3. � �5 � � 6 47 ��

� ! G ! �� � �� #� � � 
 � 
 �� � �� �� % ? @ ? 
 � � � �

� � � 7� 
 �� � � % � � � �� �  � � 
 � � � � � �� �

8 & " + � '� �� ) 9;: � �� : � � : � <� :

� �F ) ! => � ?� : � < ��@ / 0 2 = � �

A. �'/ 0 � A � � �� 0 G + �  #B <� ) � 4

� � � %� � �  
 � � � � 
 � � � $ �� �C DEFG H E � ) � � # �� � 
 � � #� � � � � � � � � !



� � � �� �

� � � � � � = � < ! � � � � 
 � � � � � � $ � , �� �� � � � � � % � � � �� �   % �� 	 � 
 % 
 � � � � + �8 ' �� �� , %

� � �� �  �� � �� � � � � � � � 
 � � ( �� � $ � / 
 � � � 
 � , � � � 
� � � � �� �� ,  �� , �� � 
� � ! � � � � !

8 �� � � � $ � � �� 0 G� 	 � " < & �! & &) �! & & ( � 4) 9 : � 	 <� : � : � @ � � 1� � 5 � A

� � � < 2 � � 6 1 �5 6� � �� �� � � = � � ! � � 4 �� � � � 
 � $ �� � � �� � D � � 
 � �	� 
 �� � � � � � � !� �F 
 � � 
 � 3� 1� 4 �� ! => � @
	 
	 : � < ) G + � � " " <( $ � �! & &( ��!

� � # � � � � � �� � � � �� �� � � � 9�� � 	 : 	 <� �

	 � � �E # � �) G ! & � �7 < " #� � ! & & ( " G F � � ,

� � � � 
) � �� � ! 	 
 < /� �� ! 	 
: / � � � , ! 

F '8 � ( � � & � �� � � < �� � �� � �� �� ,8 � �� 	 
:

� � � 	 
 <8 � �� � # # � 
 � � � 
 � , � 
 � � ! , ! < � �

 � � � � � � $ � � � � � � � � # � �

	 � # � # �  � � � � � � , � � � 
 � � � 3	 �� � 4��

� � �� % A�� � � % $ � � � � � � 	 � � � 	 � !

& � � � � 9�� � 	 : 	 < � 	 �  � �E # � � !



� � � ��

9�� � 	 � �� : � < 	 � � �E # � �) � � � �� < G� + #  <� ! � $ &! �! & & � � /� � # ' �� %'& � & � � & � 0 
 � �

�  
 � � �  � < � �� � � � � ! & &( /� + �  G� 	 � � < & �� � & � �� � �! & &) � 4)
)  4/c2 (GeV2

-m
1 2 3

) 
 

2
4

/c
 (

G
eV

2 +
m

1

2

3
a)

� �� � �� �  $ � � � ) 	 
 < / � � � , � � �  ) ��

& � � � 
� �� # � � , � 
 � � � � , � � �  
 � ��

� : � < 
 # � � �� � � < � � � � �

F '8 � ( �� : � < � 	 : 	 <

	 � # � # �  � � � � � 7� 
 � $ � �8 � � � � �

� �� % A� � �   �8 � � $ % 
 �� � � , $ � � �

� � � � , � � �  � �� � � � � � � �� % A�

� � # �� � � # � �� � � ( �� � � � � � � � � � � � 


8 � �� � �8 F '8 � ( � � � � � � � � # �� 
 !

� �� � � � # 
) � � � � #� � � � #� � � !

� � @ � � �� � � 
� �  � /� �
	 ��� $ � �8

) ! ( & � �� /� � � 	 �	 �	 �

�� � � �� <� � # ' �� %'&( & � & & � �) 	 
 @	 
�



� � � ��

� � ��7  � 
 
 
 � � � � 
 �� � � # � � � ' ,  � � � � �� , � � � � � � � 
) ��� ��� � ,  � � � � � � ' 
 �� �� , �� � �� 
 ��

��� � � �  � � �� � �� � / � �� � !" $ � �: : 
 � � � � 
 � 
 ��� �� ��� ��� < � <: � 
 ��� ��
	��� ��� <� � ,� ��


 # �� 8 � �� � �� �( � � �( � 
 �� 
 � ,  � � � � � � 
 !

"   
 � � � 
 � � � � 
 
� � �  � $ �� � ( �� ' 
 �� ,  � � � � 
 � 
 # �� � � � / $ � �� � � � �8 � �E �� , � � 
� @� � � %

$ � � � ( �� � � ��!

= +  �  3  � � B� 4 � � B � 
 ,  � � � �� 3� 5 � 4�� �� �� � ��� � ���� � � �� �� �� � � �! � �" � #

$ � � �� % � &(' )* $ �+ �" �-, . � � �/ � � �10 " � � � � � " 243 3 + � �� 5 6 78 9 � �: �

; � �� � " � � " " �� �< � �< � � �� = � �� �<> ? 2 � �� �� " + � �� + � � % � " � % � � " � � � � % �� � � � ��� .� � @A @ � @A @ B C BED . � � � � F � @ @ A @A @ � � � %�

� ��G => ? 2 � �� �� " �� �" � � � % % � � H � � � . " � � " � H �< � � � � � � . � � �/ � � � � I�J A J KL AL M NPO Q � �� G

RA R % �� H � � �� �" � S � G �< " � �� G � � . �� � T�UV WXY Z @ A @ " H � % �< � � � � < �� � " �� � []\ � " %< � % � � ��

^ �" � 2 3 3 % �� G �G � � �" �< � � �_ `a b �_ c b b �_ a b bd �: e �� H � � < �f �� � < " �< � % �� < � � � � �� � � <

g Ihi ji k MG � % � = " C' � � " �ml n � � � F� ' $o p " � �< % � � � q I 7 r M�s gut * � � �� �G �� % ��



� ��� �� �

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

� � � �� �� � �  "! # $% &' (*) �  "! # $% &+ � � � ) � �  "! # $+ & '

� � � � � � � � �� � � � � �� � � �� � �� � ,.- - � � � , & - ( #- & (0/ & - (01 1 1

2 
� � 3 �� � � � � �� 3� 254 67 8 � 9 � �� � � � : � �� 3 � ;  �� � � � �< � =?> @ � #- & � � �

 BA
� A � $DC # 1 E F � G �  BH
� H � $DC / 1 # F � G � � � � � � � � � � � IJK L IJM F � G J

N � 	 
� � 3 �� � 2 4 6 � 
 � � � �� � � � � : � � 9 � � � � � �� � � � � � � � � � � � O �� � �J

4 � � � � � � �� � � � 3� 
 � � P'  #Q , , $R �� � � � � � � � � S P T � �� � � � �� �� � J 9 J � � � U � U

� � � � �� � � �� � � � V � � � P'  # W , , $ R �� � � � � X P � Y P � SZ P VJ

[ � � �� �� � �< � � � �� ; �� �  ;�\ J 6] � � �  � ^ � [_ 6 ` a � Ib M I IK ced f 8g h ij M

� 
  �� � k � � � � � � � �� 	 
 � �� P'  # W , , $ � � � P l  # Wm , $ 3 � � � ��  
 �� � � c � �  � � ��

� : 3� � � �� � � � � � �� P  #Q , $ k � � � � � 
 � � � J

� �< � �� � � � 3 � ; � � �� � � �� �  en � , $po �� �  en � # $� � J 9 J � Pq '  #/ Xr $J

_ � < � � � � � 9 � 
�  �� � � � � � � ;  �� � �7 4 J s � ;� �� � �� � 4 � � �� �� � 3� J



� ��� �

 �G � =* % � �< � �G / �< = � � " e � � � < �� �<� " e " � � H � �� G � �G � % � = % � � "� �� � "

� S� d � � � �� C ^ � ^ �< F e �  "� / � = �� � C ^ �� � � F � �� ^ < � �< �



� � ��� �

d �� = ' $o p "� �� � "

� � . � �"� � �i � �* ^ � � � �

��� �� � / 	 
 �d � < � � � G b � #

� � . � �"� � � s � � *

^ � ^ �< � � � H l �� � b � b ` b c �

[]\ � " " � . � � �� � " + �� �, �0 �< � " H � %� � �� � � �

CG � �� �<� �G � � " � �� H�� � F

� � �G [\ �� � � = " �"

� �< < �+ �< � � < � � . � �< � �

� � ? 7* � � 2 2 d �:

� � �� G � ��� < "� �� % �� �� � � � " " � � � � �< � " % � � � + �� � � < �� � < "� � �� % �� �� � � � " � I 7� 2� i 7 N Q 	 M�� G � I 7� Q 2i � N Q 	 M* � " �� � � � % � "� e � � r " H � �� � � � . " % � � �" � 7 N�� � � < 7 N�� ��

� � . � �< � � "� �� � " * �� % �� � " H � � l � �< � �JL  H � � < � � r ? � ? 7 � d �� = [\ � H� � � N Q 	�

!� � � � � . � � l �� �<� H � � < � � " r ? 7 e �G G � � . � ? 7 � � � �+ " [ \ " � N Q 	�



� � ��� �� �

� � � � � � � �� � ; h� : 3� �� �� � H � � � � � � � � �� � � 9 � �� � � � � � � : O� 3 �� � R  ; � � � � V

�\ * � � . � � l �� �<� �� .� � �<

� �� �� � � � C� r � K �
� F � H �< �� =

��� � � / � � �+ �	 � � < �" � � �G e

��� � 
 / � � �+ ��� 	 � � < �" � � �G

; � � � + " o d �� G > l � � � ��

� < �� " �� � � � " � �G �� � � �� �

$ �+ � � " " � " �� ��� � � 
 
"� . . � "� �G / = % � � < � � � �G �� "

� " H �< �� = lG �� / � �� " �� ��� � �

C � 5 6 �� 2 d �: F

^ �� � G "� �� �" �� �� � 	 �

I�� A @ M I @A R M�� I � A R M

^ � � G � � . �� �< . = 6 � 7d �:

$ � . � � l �� �<� G � . < � �" � � � < � �G �� �< � �� H � <� �� � � � � � �� = l �� �<� " = "� �� "�

� ����� �� ��

� �� �� � �� � ��
� �  � � � � ! � � � �" � � � � �

� � �# �%$ � � � �" � � � � �

&(' )* < +, ^ - ^ -. / 0 �1 2

�3 d -. )4 )� 5 687 0 9 0 � : : �

; <>= -� 5 2 ;3 ? -@ @ 4� ACB � 5 )3 D



� � ��� �

� �

9 1 � � � � = 5	 - 
 	 +� )� -� � � 0 �1 � 6 � �� � :� A� : : � D � 2 � � # � ��� � � � �� � � � � �� �  	 ! �"#? 5$ % )3 @ -� � 4 	 5 <. 5= 4 	 � 4 +� � 0 �1 � 6 � & & : : & A & : : � D � 2 � ' �� �� � � ? 5$

0( ) A & : : � D 2 * � + � � � � � � � ? 5$ 6 ) + * � +, * � � � �� ' � ' � � �3 - - - -. % -@ . 5

� �/ � � �� �� �/ ? 5$ . ) 5 ) & ��0 132 465 � # � ��7 � 8� ' �7 � ' � 9#6: 3 ? - 
6; 5 ), -@ @ 5.

4* & ��0 132 465 � # � �=< �7 / � ' �< / #6: A=> 3 >? + � 5 687 0 9 0 & : :@ D 4 ) . 4 ACB ? 3

1 -? ? 4 	 5 � 0D 1 � 6 � & & : : & � 2 * � + � � 7 / � < � � � ? 5$ 6 * � + , * � � � �� 7 � ' � ' �� ' � ' �3

�E < 5 	? *F + , *F G * � +, * � ) +; 5? ? 5. , 5 - ) . . 5, 5� ? ) +* * � + -� = * � ; 
 9 1 � �H 4 @ @ B 5@ <

% -@ 4 = -? 5 @ -? ? 4 	 5 	 -@ 	 .@ -? 4 +� ) -� = <. + % 4 = 5 4 � < .? * + . 4 � ? 5. <. 5? 4 � ACI 1 , 4 E 4 � A3

( 5J 4 . -; @ 5 5. . + . +� *F +, *F G * � + , * � 4 J K 9: L MN . J 5 L .@ = 5? 5NO 4 � P? 4 M� M L 9Q ?

5@ 5O 5� ? N P? 4 M RTS UV , S U 1 R 6 � 5 5= 4 � A 5N N MN J K � ' ? 5$ M� * � + P� = * � 3

R S UV , S U 1 R � ' �� ' 8 �W �W W  XW �W WY LN MO 9 ( 7 N 5 J .@? M� I 1[Z I 1 O 4 E 4 � A 	 MO ; 4 � 5= H 4? B I Z I

O 4 E 4 � A P� = \^] � *F + I F + , *F _I F # � � �� � �W �W "YXW �W !` LN MO @ P? ? 4 	 5 A �a PO M? M b D3

> 4O <@ 5 J 	 P@ 4 � A PN A .O 5� ? LN MO c . PN a O M = 5@ P� ? 4 	 4 < P? 5= * � + , * � G *F + , *F G

d 1 , d V G � �� 9 6H B 5N 5 d 1 G 7 8 9 ? 5$ P� = d V G < � ' ? 5$ PN 5 	 M � J? 4? . 5� ?

c . PN a O P J J 5J 2 e1 D 6gf D ( hi jkl k & A� m m : D�n



�� ��� �

9 ( � �I �2 � , � 5 � j�� � @ &l � n &� 	 n k � & n k ? 
$ n� P? ? �	 
 N 
� �	? J @ k� 	� � & ��  XW n

I 1Z I 1O �E �� A A 0 ' � B 
 �� 
E �� @� k� & m ��� ( � � � � �< < �W �"�XW �� � � ' � ' �  J X� D A � % 
 J *F +n

I 2 �� ��� *F RTS �� R � � � � � < �� �� " �W � � �X� �W � XW �`  # � � ' X " ) 
$ � R S �� R � �7 � ' 9� ' � 8 / #� � ' X !

. J �� A *F ! � � �/ �� � �# ? 
$ A#"%$ M 	 a 
N P� � � � A 
? � j B 
  � B �� @� � &�l D n

& 
H � ( � � �#' � # � � � 9 / � ' � ' 8� ' � ' <  J �( n Q N 
 
O P � B � A#) 
 � n D



�� ��� �

� �

" 
  
N � � 
 J �� �? ? �� A J ? 
J? J  �� � � 
  
� � 
� 	 
 P� � J  P? � P � ; 
B P % � M N M L �
�

� L M N 	 


> �H P % 
� � 	J � � � � , � # 
 � �� �# G � � 9� 
$ A� >  j� � ��� # 
 � � � � �# G 	 m� 
$ A & > �n

�E  
 	? K L 
H � 
$ f �H P % 
 J �� �? ? �� A J A� M . � MO ; �	 % 
	? MN � �� �� ? 
N P 	? � M� � _ � P? ? �	 
 

� PN � � 
N J 
 PN 	 B 
 J � A �� � � �N 
 	? 	 B P� � 
�  � A�  � �D & �> D D l � 	 � L 
H 
 %? J j < 9 � 9 �7 � ' � 8

� 
$ � A &  � 
NO �� P; �l @� � < 9 � � �� � ' � � 9� ' �� � 
$ 2 5 W � , � j � M? 	 M � � NO 
� ; 
 Ak 

� 
NO �� P; � �k � j J? P? 
 P? < 9 � 9 � 8� ' �� � ' �� � 
$ 2 � � �H �? B � �2 � � n

� � � � � �; J 
N % P? � M� �� � ��� � # 2 5 W � � j � �2 � � �

�f D � � j �� &� � k A &� � �  �f D ( �i j� m &� � 	 A &� � �  �

�� �� . J � % 
 j 
E �� . J � % 
 P � P � � J 
 J J 
 
 P J � A � P �

� 
 PN �� � ! � �#  � < 9 � 9 �< �� ' � ' � � 
$ � ��

�E �� . J � % 
 P � P � � J �J N 
 � M � J? N . �? J � � ��l � 
 � P �O M � 
J

A"! � ': M L P � � � � � 
 � P � J 

�� �� . J � % 
 � & M � � N 
 � M � J? N . �? � M � �; 
? ? 
N J? P? �J? � � J

; .? O MN 
; P �a A N M . � �



� � ��� �� � �

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
n

t/
2M

eV
/c

0

1

2

3

4

5

6

Entries  47
Mean    3.481
RMS    0.0412

-π+π-K+K
-π+π-π+π

πK0
SK

0π-K+K
)γγ(η-π+π

)0π-π+π(η-π+π
πK0

LK

 candidate massc recoil h0π

� m � P � � �� P? 
J �� 
 �? � � 
� � � � � 9� 7 � 9 
 % 
 �? J P; M % 
; P �a A N M . � � n � � � �# � � < 9	 < � 
�

' �/ � ' � 9# � 
$ �� � � � � 2 5 W � �# � � � � �32 � � �# � � 9 �< � � � 9� � � '# � � ' X "



� � ��� �� � � �

� M �? 
 � PN � M ( P? P

3496 3506 3516 3526 3536 3546
π0 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

π0 recoil mass in MeV

0

50

100

150

200

E
ve

nt
s/

1 
M

eV

� � J  
 �? N P L MN � � � �# � 	 / 8 '� < 9 � 
$ n f PN P � � 
� P � P � � J �J � � ���� � � 9 ' < � < 9 � 
$ n

� � � �# � �=< 9 	 7 �/ � ' � �� ' �7 # � 
$ j� � � � � �=< � 9� � � '� ' � �# � � ' X "

� MO ; �� 
 � � � � � �# � � < 9	 7 �7 � ' � 
� ' �7 # � 
$ j � � � � � �7 � '� ' � 8� ' � �# � � ' X "

� P J J �J � � � '� ' � 
� ' �7 # � 
$ ; 
� MH �� � ! � �#  � � � � � _ ? B 
 MN � � � ' X ! � ' �7 #

� PN? �� � > ? .; ; 
 � D 
 P J M � P; � 
 A � M � N 
� P? � % �J? � �  P J J .O ? � M � J � � � � �# � �� � ! � �#  n



� � ��� �� �

� � �� � � �� �	 �
 � �
 �  � � � � � � �� � � �� � � �	 �
 � � ��� � ��� � �� �� � �	 � � �  "!

� M � � P; MN P? � M � # � 0 $ 0 X % # ��0 W �0 W % # ��0
�0 %

- � > � � � 	 � 9 
& ' � ' 8& ' �	 
 < � 9 8 & ' � ' / & ' �<( 
 �( 7 & ' �( 	 & ' � 9 '

� � � � 	 � )/ & ' � ' ) $ W *� WXW *W + < � 
 '& ' � ' ) $W *W YXW *W ` 
 �< / & ' �( ' $W *� YXW *W ,

� PN a � � � 	 �( & ' �< 	 �/ & ' �7 9 � ' & ' � 9

# � � � � % J 
 
O 
� � PN A 
N ? B P � - � 0
�0 % �J 
 
 P � J M - � > j B 
  � 
E �� @� . �� A . jl  /; .? � 
H

� � � � O 
 P J . N 
O 
 �? �f D � 01 j� m2� � 2 /� # � � � � % � � 
 �< 8& ' � ' 8 $W * +�XW * 3W % �; G # ��0
�0 %�n

��� � 4 5 6 7 � ! �8 9 : ;=< >8 !

� � � O M � 
 � A@? 

5 $ 5 X � A � � n � B m& � n� 2� & � n� 2�

5 W 5 W � A � � n� B� & � n� 2 .& � n� �@

� � A � � n� Bl & � n� k k & � n� 2 2

5 W � A � C ' � ' 	 8

��� � 4 DE F G � � � �	 �HI 	 � � �� !

� M � 
 f N 
� � �? 
� Aa 
J  � � � � AB 
  �

A P  A;  A �  
E �� @� .� l � 

�K �L k n 2 k n m 2 	& 	 C 	 (

�K �� � Bk . m ) < & M ) 9& ( N

�K �W 2 . 	 2 2 . . 2 k & �2 ( )	 & < '

� � �B ? 
 � �� P � 
� OQP � A A f D R 1 0 � A P H �? B MP ? j ATS H �? B � MP �� �� A? M M  
 � �B P � � 
� J �

A �  � e� D j( � � n f B � J n UV 0 j � A2� � .  n & M � � W �W O M � 
 J P? O M J? P  
N � 
 �? MN ? H M n



� � ��� ��

R �J � M � 
N 
� � � $ � X � A � S ��� 
� � 
 ��� � �	 ��
 N )	 % A� �� � j� R � j R� j � � � � 

R 
� � �� �� � ��� � �� � ��P � �� �� " �� � � � �� 
 ��� � � � 2� � � � � � �� � � �� � A! P " � � 

3800 3820 3840 3860 3880 3900 3920 3940
M(π+π- J/ψ) (MeV)

0

10

20

30

E
ve

nt
s/

5 
M

eV

� "� � "� 2 # . � � ��

) "� � � S � � " W �W �$  " �$ � � % & � � ��  � P � � � � P  � � '(� � '*) +( $ +	 ) , ' � 
 P �-. � "- � 

$ " /�0 "1 243 . 3 . 35 B� ' � � � ( $ $ � � ��  " % , � � 6P - � %. �� � � & 7 ' A8 � � %9 ' A8 % " � � � � :

;� P - % S " � 0 � � � " S � P < % �� � � " � � � W>= ?W�@ = A ?W>= W�@ = % A �B C D ?E E ?D & D ?F F ?DG $ � < < "-

G - � � " % � R "G � H � � � I ' A8 ,$ " /�0 "1 2 3 . 3 . 3 5 # :�J �� K " D ?D. < � � � " �P <G �. � < � � �� �

L �M N 01 � 3 . 2 3 3 2 ,2 3 3 � : /PO < % � Q R �TS � ) ' A 8 U�V WX WY B ,�Z 3 ? G �- � : �

 � � K " �� < � �$ �. < 6[ + ?[ �- � � H � ��  K \^]  " �� < � <G " S "- � � _`a b 
c Wd "J �



� � ��� �� ��

� "- - " L �M N �	 � 3 
� 3 35 ,� 3 3 � : �� ;� K S. < " % I I � W= ?W= + W S W ) � / "G �  P K �

 < 6P - � %. �� . S P �. � <G � < �. �� " < � � . �$ ��� � �@ , ' b B +�� b �B :

� b5 Z � Z � � � � d "� ��� b � Z � �3 � � d "� �� � � Q R��
?� U b 3 � � 
 � 3 �3 � � 3 �35 � " �



� � ��� �

glueball or
3.3σ fluctuation

unresolved puzzle of J/ψ X

X(3938)

DD threshold

Recoil Mass(J/ψ)         GeV/c2

N
/2

0 
M

eV
/c

2

0

20

40

60

80

2 2.5 3 3.5 4 4.5

� "- - " ��� � � � 3 3 � � �� � ,�� � � � 3 3 � : 3 Z 3 &$ " /�0 "1 2 3 � 3 # 3 � Z & N � � . <� ,! � " � � :�

	 ,5 Z 
 3 :  "G � . -. < 6 � 6 �. < �� ' �8 % "G � H � � � � ?� @ � G �G � � <� � 9 ' �8 � � R 
 � U

� � �� R��� Y W U � � 9 ' �8 L �M N �� � � 
� 3 3 � �� � �� RB � U LG � � ��� � � 9 � �



� � ��� �� � �
)2) (GeV/cψJ/-π+πm(

3.8 4 4.2 4.4 4.6 4.8 5

2
E

ve
nt

s 
/ 2

0 
M

eV
/c

0

10

20

30

40

)2) (GeV/cψJ/-π+πm(
3.8 4 4.2 4.4 4.6 4.8 5

2
E

ve
nt

s 
/ 2

0 
M

eV
/c

0

10

20

30

40

)2) (GeV/cψJ/-π+πm(
3.8 4 4.2 4.4 4.6 4.8 5

2
E

ve
nt

s 
/ 2

0 
M

eV
/c

0

10

20

30

40

)2) (GeV/cψJ/-π+πm(
3.8 4 4.2 4.4 4.6 4.8 5

2
E

ve
nt

s 
/ 2

0 
M

eV
/c

0

10

20

30

40

3.6 3.8 4 4.2 4.4 4.6 4.8 51

10

210

310

410

� � � � �� � , 
 � � 3 :. < � � %. ��. � " � "� � � < � � �TS � ) ' � 8 � 	M N �
 � � 
 � 3 3 � ,� 3 3 � :�

; N� � G � <O � K � � � %. � �. � " � "� � � < �. 6 < �- . < Z � ��� �3 � � � " � % �� � ,�� � �- � �� �  � " � � :



� � ��� ��

� �. % " <G " � � �� RY B � W U � �S � ) ' �8 , � � � : � �= �= ' �8 , � � � � : � � S � ) ' �8 ,5 � # � :

- � � 8 RY] � W U � �S � ) ' �8 ,5 � � � : � �= �= ' �8 ,� � � � : �G � < �. �� " < � �. � $ � RY B � W U � �. - &

8 RY WY W U � �S � ) ' � 8 ,5 �5 � :�  � � � ; � � < � � 	M N �	 � � �� 3 3 5 ,� 3 3 � : & � � �- � ��



� � ��� ��

; � < 6 � � " <G " � � � / "G � � � , ; � � �. 6 6 � � NM : � � � �G �. � � � R�� U C � � 	 R�� U 
 < � � � � �� �� � �

 �� � � � <�� ] � � � � �� � �� � 
 �� � <G � � < � � � � � � < � � 
 �� � <G � �

� RY B � W U �� � �G � �� �  � � � H  � 
 � � D ?D A 	 � � �� : � 
 < � � 
G � G � � � � < � �� � �G � � 
� � � � �G � H

� � � ?� � A G �G � � � � � � � � � 
 � � 	�� � � � � D ?[ � � 
 �� � 
 � 
 < � ��� ��� � � ��  �� � � � � � � �� �� ��

� ?� � � � � � � � � � � 
 � C Y B  ! d �� �� RY B � W U � � ?� � R � � �
?� @ U#" K �� �G �� �%$ &



�� ��� �� �

� � �G � � � �G � � H � � �� � � � � �  � � � � ?� � � � � �� �� � 
 � K � � 
 < � � � � � � � � � � � � � < � � � � � � �� � � � �

G � < � �G � H � �G � � � K � � 
 � � 
 < � � K �G � � � � � � � � � � K � � � � � � �  � 
 < � � � � < �

� � � � ; N� � � � � �G 
O G � � � � � RB � U � �G � H � 
 <G � � � 
 < � �� � � < �� � d 
 < � � 
 < � � � � ?�



� � ��� �

d � � � � � � �� � � �� G � � � � � � � 
G � ��� � L � � 	 � N � � � � � �  � � � 	 � H � � �� 
 � � Z� �� 	 	 � 
 ��

� 
 � �G � � � � � � � � 
� ] � �B � � � � � �G � H � �� � �� �� � 	 � �� 	 � � 
�� � � �� � 
� 
 � � � � � RB � U �

� � � � R] � U L 	M �  � � 	 �� 	 	� �� 	 	 � 
 �� � � � � � 
 �� � 
� 
 � � � 
 �G � � � � � �� G �

� �� � � � � � �� �� � 	 � �� 	� 
 � Q � � RY � U � �TS ��� � R] � U � b R] X] � WXB � WX Y U�� ] W� �

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



� � ��� �

� � � Q R � R�� � U � �S �� U L 	M N �� � 	 �� 	 	 � �� 	 	 � 
 �� � � � R� � U � �� � � � L 	M N �	 �

	 Z � 	 	� �� 	 	 � 
 � � � � � � 
G � � �� 
 � � � � � � �� 
 �� � 
� 
 
 � � � � � � � � � � � � � �� � RB � � � � U �

� � �� � � � � R	� U � � � R�
 �  U � �� � R 
 �  U

� R] � U B X Y � � WX WB � WX W! ] X �c Y � WX W WY � W X WB W c Y X Y � WXB � WX  �] X �

� RB � U B X W � � WX W � � WX W  W X �] � � WX W WY � W X W] W � WXc � WXB � WXc �] X �

� R�� � U B X � � � WX W! � WX] W W X Y Y � � WX W WY � W X W W ! ]  X � � WXB � WX � � WX�

� � K  
� � � 
� � � � � � � � � � RB � � � � U � I � � � R] � �B � U  � �� G � 
� � � � � 
 � � L� N� � � 	M N

�� � 	� � 	 	 � �� 	 	 � 
 � � � � � � � � � � � �� � 
� 
 � � � � � � � � � 
 � G � K � � � � � 
� � � � � � �� �� 
 � 
 �� 
G

� � � � 
G � 
 � � �  
 � �� �� � � � � � � NM � 	M � �� �� � � Z � � Z 
 
 
 �

� �� �� 
 �B � � ] � � � � �� � 
� 
 � � � � �� �� 
 � � � � B � � � � �� � 
� 
 � � �

� b W � b ] � b B � b W � b ] � b B

� � 
 � � � 
 � 	 � � � � � � � � 	 � � � � � � � � 	 � � � � � � � � 	 � � 
 � � � � � 	 � � 	 � � Z � � 	 � � �

�  
 � �� Z � � � 
 � � � 
 � � � � � � � � � � � 


� b W � � � � � � � � 
 � � � 	� � 	 � � � � � � � � 
� � � �� �� 
 � 
 �� 
 � � � � � 
 �� 
 � � � � � 	 � d � � � � H �� �

� NM � 	M �� � � � �� � � � Z 
� 
 �� � M � d �� � � � � �� � � � � � � � � ���� �� �� � � � � Z � � � Z 
� 
 �

� R�� � � ] � � U b c � � � W � � � 
� � � � � 
 �� 
 � � � � � � � � � � � � � �  � � � � � � � �� � 
 � 
 � � � � � �



� � ��� ��

� �

� � �
�

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

� � � � �� � � � � � �� � � � � � �� � � � �� 
� � 
� � � � �  � � � � � � � 
� � � �� � � 	 �� 	 � � 	d � �

� � � � �� 	�� � � � � � 
� �� �� �� �� � �"  �$ 
 �� � � �� � � � �  � � � � � ! � "$#&% � � '( ) � � * *+ � � �-,/.

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

0 � �� � � �� 1 � � 23 465 7 8

� 
 � � �� � � � � � � � � 
� � �� � � � � � �  � � � � �� 
+ � � � � � � � 
� � "$# � ' � 9  � " # � ' � : � � � � �� � � ��

�� �� � � 
 � � � � �� �� �� � � 
�  � " # � ' � � � � � � � � 
� �� � � �  � � 
 � � � � �� � 
 �� 
 � 
� � �

� � � � � � � � � � � � � � � � � � � � � + � � � � � � � � 
� � "� � � ' � 9  � "�� � ' "� ;&< � � ' �� � � � � � �� �� � � �

� �� � � � � �� � � � � � � � � � �� � � � � � � 
� 
� � � � < � � � < # �= > ?@ � � # *� A �CB 	 � � � � � 
 �

 � � � � � � � � � � � 
� � � � � � �� � 
 �� � � � � � � � � � � "�� � ' � � �  � "$#� �� ' � � � 9  � "$# � '

�� � � " � � ' � 9 �� � � � 9   � "$# � ' � � �  � 
� � � � � � � �� � �  � � � � � � � �� � � � �� �

D E E � � � �
 � � � �� � � �� 1 �� F 3

� "�� � ' � �HG ��  � I� � � 
 � �� � � � � �  � �� � J "$# *� % 
 K � � � � � 
 � �  �ML 9N � �$O 	 � 
 �



� � ��� �

: � � � � � � � � � � � � � 
� � � 
� � � � � � � � � 
 � 
� �� � � �� � � �� � � � � � � "	� ! ! * ' �� � � � �  � � �


 � � � 
 � � � � � �� �� � � �� � # *� � � � �� � � �� 
 �� 
 �

�� � � � � � � � � � � � � � � � �� � � � � � � � � 	 �� � O� � 	 + �� � � �� 
� � � � � � � � � � � �� � � � � 
 �� � 
� �

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

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

� � � � � � � 
� � �� � � 
 � � 
� � 
 � 
 � � � � �� � � � � � �� � 
 � � � � � � � � � � � � 
 � � �� � � � � � � � � � � + � � �� � � �

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

� 	 � 
� � 
 � � � " �  ' � �  � � �� 	 � 
� �! �� � � � � � �� � � � �  � � 
 �� " 
! 
 � � � � #%$ 
 �� � � � � � ! �� 	

� 
� � 
 � � � �  � � �& �� �� 
! ! � � � ��

' � � �( �� 
  
� 
 � � � � �� �� � � � � �$ � � �� � � �� � $ 
� �  � � � 
� � � 
� � �

� � � ) � � � �� � 
� � $ 
� � *� � � � �� * *� � � � + � � � � + 	 	, � � � '� � � � �� �- . �/ . �0 *� * � � � * �

� *1 1 * 0 � ! � � & *� � � 2� � � � 3 � � � � �4 " �  ' � �� � � � *65 ! 7 � *! ! $ 0 � � �0 * � $ 81 1 �9 3 $ 8 �0

! � � 0 � �9 * ! � � : 1 * � ; � � ) 0 � ! <� �� #� � + #� � + = � 2?> � � �� ' # + ' #@ ' �

� � � 0 � � � �� �9 3 � *1 1 * 0 � " * ! 0 �$ 9 89 � * � *! � 89 0 � 3 � �9 ! : * � �� � ! � � : �A $ *1 1�B : � ! 8 � 8 �9 * 3

� � ! � � 3 � 8 � � ; �9 �� 8 2 � � 8 �9 ! � � � � ;/ C �9 3 / D � ! $ *1 1 �



� � ��� �

+ *9 3 * 1 * * " ! : � � � * 3 7 � : ! 89 0 8! : *� 8 � 3 8 � � � 2 1 * 2 � 3 * � 1 89 7 � � � * 1 * � *9 �! �9 � �� 3 ! � . � *

$ * : 1 � � 89 7 $ 8 � 0 � � � 1 1 3 * �& � � � � � � & ! �9 3 1 * : � �9 ! � / � * ! � � � � : * � 8 � 3 8 � � � 2 1 *�� 0 � " *

7 � : ! � ; �9 $ * �9 3 *� ! � �9 3 8 � � ! � �9 3 � � *9 � � 1 1 � � ! $ * �9 3 * � ! � �9 3 + *9 3 *1 * * " 5 ! �

�� �� ��� �� 	 
 �� ��� � � � � � � � �� 
 � 1 � �� � �� �
 E � � �
 � � � � �
 � �



�� ��� �

� � E � �
 � � � �� � �� � � � � �� �� � � � E �
 � � � � �  �
 � � �� �� � � E � � � � ��  �� �

F � �� � �� � � �� � �� E 	� � E
 �� � � � � � � � � � � � � �� � � � �� � 1 � 
 � �

� � � � � � � �� � �� E �� � � 	 �� � � � �� � � �� � ��� � � � �� � � � � � �� � � � � � � � � �� E

� 
  	 �� �� � �� � � � � �� � �� � � �� � � � �  � �� � � � ! " �$#% &' � ! " �$#( ) * � !

+ �$#( ) * � !-, �$#( ) * � �� . + � ) ' / * �10 2 � � � �� �3 465 5 7$89 9 : ; � � � . � � � � �

� � � �� � � �
  �� 2 �� � � �< =< ! � � � � > �� � � � 0

? 	 � �  �@ � � � � � � ! � � � � 	 � 	 � � � �� � � � A � � �� � � 
  	 �� �� � A
 � � � � �

� � � � �� 
 �� � � � � � � � � A �
 � 	 � 	 � � � �� �3 BDC 2 �� �� � � � � � � � � �
 	� �� � � � � � � 0 � � � . �� � � 3 � � �� � �
 � �� ! # > ! ' � ! ) > � � � A � . � � � � � � �
 � !

�� � � �� � �� � . � � � �� �3 � � � � �� � A � � � @ � � � ��  �� � �� . 0

BC 2 � � � � � � A � �� � � �� � � � � � �� � � �
 	� � . �� � � � � � �� � � � � � � � � � � �

� � . � �� 0 E � � � �� � � � �3 �� � � � � � � �� � � � � � � � A � �� �� � � �� � � � �� � 
 � �
  � �3 � 
 � � � �� . � � 	 � � � � � � �  � �F
 � �  �� � � � . � � � � � � �F
 �� 0

E � �� � �� � � � � �� � � � � � �� � � � 
 � �� � �� � �� 3  � � �� 	 � � � �� �� � � �� �

3  � � � � � �3 �� � �� � � � � �� . . � � � � � � � � 	 � A �� � � � ��  � �� � �� �� �� � � � ! �� .

�� � 
 � � � � � �� � � � 	 � � �� � � �3 � . � � � � � � 	 	 � � � � � � �� � 3 
 � . � � �� � ��

� � 
 � �
  � �3 � � � � � 0



� � � � ��

�

� �� �� � � 0 � 0 2 �� � �� 3 � � � � � � �� � 
 � �� � � �� � . � � � � � � �

� A �
 � 3 
 � . � � �� � �� 	 � �� � �� �� 
 � � �� 	 � � � � � � �� � � � � � �� �� � � � ��

�� � � � � � � � � � � �� � �� �� � �� � � �3 � 
 � � � � � � �� �3 � �� � � � �� � � � � � . � ��

� � �� 	 � �� � � �� �� � � � � �� � � � � � � � 
 �� �3 � � � � � � �� � � � � � � � � 	 � �� � �� �� 
 � �

�� � 	 � �� � � 	 � � � 	� � �� 	 � A � � � �  �� � � �� � � . �� � � 	 � � � � � �10


 � � 
 � � � � 	 2 �� � �� �� � � � � � � �� � � � �� �
  � 	 	 � � � � � � 	 � � � �� � 	 � �� � �� 0



� �

I II+I +++

++2

I+0

I I

1
3 ++

0 ++

0* ++

2

I +

0 I +

2* I +

0* I +

2

I+

3
I+

1

I+

3

I I

2 I I

12

10

8

6

4

2

0

4

2

0

3

1

r 0m
G

m
G

 (G
eV

)

PC

2770301-005

� � � C 
 � > � *� �� & ) ' � � 0 > 0

�� �� �� ! � 0 C � � 	 A �� � ! ? � � � 0

� � �� � � � ! � ( ( &

�� � :	
 � � �� � � � �� � 3 � � � �

� 0 � 0 
 � 	 � � � ! 
 � ' * * # �


 � � � � � � 	 � . � � � � � � � 3 � �� 
 � A �� � �

� �� � � � �� ��

� �� �� � � � �� . � � � � � � �� � �� � !

�
=

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

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

��� � � :�� � � �� � � �

� �� � A �� �� ��� � � �� �



� � � � � � � � � �

�� �	
 � �� 9 
  � 	� ��� � � �� � �� � 	 � �� �� � � � � �� 
 �	�  
 9 �! 
 � �" # �" 
 	 �9 $ � � " � 9 

#� � 9 
 9 $ � 9 %&� � �� �
 $� 9 	 #' (� )� �� 9 �� #* +, - . �� ' / � 	 	 � 0" 
 � �
 1 �32 (, 45 � ��6 � � �

76 � �8 9;: � ' < => � � �? #@ % 7 %� #	� �  � % 9: �� ? 
 � A # > % < ' B
 � @ # � - ' CD 
 � � > �

� � 9 % �! � 9 9 � " # � �� ? 
 � = #" % 
 # �" � %
 9 0 #
 09 � " #9 � A  �9 �	 � A
 	 ! 
 9 � �� � #�  #	 � 	
 #	
 � #'

B � ( - * B � #� � # � E FHGI J J K �9 �	 ��� :3L � M . * ? 
 �� ? � � #� '

NO P �QSR Q � T 72 (, 45 � ��6 � � � 9 N � P O QVU Q � T 7! � �XW� � Y �8 �Z �6 [ 9

Θ+(1540)?

MnK (GeV)

C
ou

nt
s/

4 
M

eV

+

0

500

1000

1500

2000

1.4 1.6 1.8 2 2.2

0

200

400

1.4 1.6 1.8

MM(pK-) [ GeV/c2]

E
ve

nt
s/

10
 M

eV
/c

2

0

5

10

15

20

25

30

35

40

1.4 1.5 1.6 1.7 1.8 1.9 2

\ F T Q � K 
 #	 �
 > =	
 �9 � )	 � � � =	 #'

]9 #� 	 * � =	 # � ) . - 2 B ] ( � 9 �" % #
 #

2 �
 9 	 #* � �� ? 
 � = #" % � => " 
 #! �  : ! 
 #	 � 0 � � $ *

� �� #� 9 	 +, - . �� # =" 	 79 � � $ � " 
 D �  9



� � 9 % �	 ! � � #� � � �! � # > % / � / � � � /� " " � � B � ( - ��� � � * � �� � � � �� 	 
� � 	 � � � �

 � � � 	 ��� 	 
� 	 � � � 	 � � � 
 � � �� P � � � 9 	 �
 � # �9 .2 ] ( � .

� A � � � � $ �" � # > % +, - . + �" " � > � � � 	
 �9 * N � P � T Q � 7" � )	 � ! � � W� � Y �8 �� �� � 9 � 9 

NO P Q � QVU O 7�
 0 ! 	 � ! � � W� � Y �8 � � � � � �" � � @ 
 9 0 ) � � �� � 9

M(nK+) (GeV/c2)

0

500

1000

1500

1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2

C
ou

nt
s/

0.
00

5 
G

eV
/c

2

M(nK+) (GeV/c2)

0

50

100

150

1.4 1.45 1.5 1.55 1.6 1.65 1.7 1.75 1.8 1.85 1.9

C
ou

nt
s/

0.
00

5 
G

eV
/c

2

0

100

200

300

400

500

600

700

1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3

E
ve

nt
s/

2 
M

eV

1.5 1.6 1.7 1.8

0

1000

2000

3000

4000

5000

6000

1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3

M(pK+) (GeV/c2)

E
ve

nt
s/

2 
M

eV

1.5 1.6 1.7 1.8

� �9 W� � �	 
 � QU O �! � 9 9 � " #! � A # � � � $
 9 � 9 	 � FI �� J K �� # �9 � 9 ��



�

/� �� �� ) =" � ) @ 
 9 � $ � 	 
 � � � � �� " � 	
 �9 # *

] ) QU �� 9 �� # �9 � 	 � A
 	 ! � � �	 �9 � � 9 

Q � ! � #9 � � �" % #� $� ? � " � �
 	 % � # QVU �


 	 A
 " " � � �� � � 	 � �� # �9 � 	 � A
 	 ! # �� �	 � 	 � � #

�� #	 ) � � 	 ! 
 #* � ! � 	 
 # 	 ! � $ � $� 9 	 = $ 
 #	 �
 > =	
 �9 � ) Q � 
 9 " � A W� 9 � � 0 % 7�� G �� � 9
 9 �" = #
 ? � NO �� � �	 
 �9 #� ] )
 	 ! � # � �� � @ � 	 O� � � � J� 	 
 �� � A � 	 � ! � =	�

� � �� � ��� ��� � �� � ��

, � � @ #" 
 @� � �� � �� � � � �� " � 	 
 �9 $ � %

> � � � # #
 > " � A
 	 ! #
 $ =" 	 � 9 � � = # ���

� 9  Q � � FI �� J K # => #	 � 	 � #

�� �  	 � =9 � � #	 � 9  $ � ��

� > � =	 Z W > �  % # % #	 � $ #



� �

� �� � �� � �� � � � � � �� � �

� � 9 %9 �9 W� � �	 
 � > � � % �9 W � 9 	
 > � � % �9 #	 � 	 � # ! � ? � > � � 9 #� � 9

9 � � � 	 ! �� #! �" 
 9 	 �
 � �� % # 7 - ' � � $ � � � D � � 	 ! 
 #

� �9 )� �� 9 �� 9 � 9  � � �� % # ' � � > � � % �9 W � 9 	 
 > � � % �9 #	 � 	� #

A
 	 ! � �
�

�
�

�9 = $ > � � # ! � ? � > � � 9 #� � 9 � > =	 � � �	
 �

$� # �9 # 7 � �
�

�
�

� 9 � 9  > � � % �9 # 7 � � � �
�

� 9

� �� � � �� # #
 > " � 
 9 � � �� % # �� ' 0 ' *

, � � @ ) � �  � � � P �
� O �� ' � � �� # = 0 0� #	 
 �9 #* 2 ( C 5 4 � �� � � �� 76 � �� 9'



� � � �

.� � � � J � � � � ? � 9 	 #
 9 	 ! � #� ? � 9 
 9 �" = #
 ? � � ! � 9 9 � " #



� �

� �� ��� � �� �� ��� 	 
��   �

�� �� �	� � � F� � K �� � � FI � K � ��� � � F J K � � � � F J K � � �� � � �
 F� � K � �� � � � 	 � 
 FI � K � � J� � '

+, � �� 9  #� � � F� � K�� �� E F� � K P Q � Q � ��! �
 # �9 " % J� I " � J� J � � J� J � 	 
 $� # 	 ! �

� � � �� # � �9 
 9 0 � � 	 
 � ) � � � E FI � K'

� � #	 " 
 @� " %� � �" � 9 � 	
 �9 * � ! � ! � � ? 
 � � � E F� � K ! � # $ � �� � ? � 
 " � > " � � �� % $ � � # �" � A� �

� 	 � � 9 %
 9 
 ? 
  = �" � 9 � " #	 � 	� '

� �� ��� � �� # �$ �   �

+, � � * � � )> U � � ) %� %U  � 	 � � 	 & ' ( )� � *,+ - - ' Z. �/ �

+,0 � *� F1 � P N N K ( � � ) F �2 K F � � K FHG * K /3 7 -4 � 56 78 79 D / :<;= > ?@ 59 A/ 8 / 9 @ / 9

& 5; = / 8 6 / 7 ? = 8 / 6 / 9 ; ?@ 5 8 8 / @ ; / 9 A 5 8 BC0 �ED ? � F1 � P N 	 �
 KF � F 	 �
 P G�H GU K4

� F1 � K ( I � ) � � J� I GI / 3 J0 [ZK : �L M NO N : ZP QSR. . K T U 79 9 � V1 � P W 	 �
 X (

V -� 4 � �. 4K � -4 R TZY [ � V1 �]\ = 7 9 8 59 ? T_^ -4K K �. 4 - -I /3 ^ QSR 4 �K �. 4P - Ta` b ced

� V1 �\ W W X : >6 fhg i >9 jlk � Vnm o X ( cp � ) c � cp c b q > A� V1 �\ = 79 8 59 ? T > ? 9 5 6 >9 7; / 9

r i ;s 5ut j g v 59 s >9 ; = 4 B 5 6 f 7; > rg / s >;= k � V m o X A8 56 5; = / 8 @ = 78 6 59 > v6 9 / @ 7 i ?4



�

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

� / @ 7 i BC0 � � QY T L � � � QY T


! \ W 1 o � )p q q � cp b" � cp * b *p " � c p *


! \ W 1 o � )p c 2 � cp b b � cp # " "p " � c p "


$ \ W 1 o % )p& & � cp b b � cp " * "p * � c p 2


  \ W 1 o ' & 2 p * � cp q � & p c & qp " � bp &


! \ W � o cp q& � cp c " � cp c * cp & " � c p c *
(9 @ g v ? >) / 
! \ W 1 o ' 8 7; / ?

7 r 5 ) / ; = 5 ?/ 5 AL � � R. . P


  \ W � o 7 @ 7 g > r8 7; > 59 A 5 8


  \ � % * o\ � % W � o

� + �, � � ��� � - . � � � 	� / � �0 � / �1 2 ,3 � �4 + 576 +8 9 �: �; � � < �

= ( > >? BC0 @ > % > % A > H >CB 8 7; > 5 @ g 5 ?/ 8 ; 5 - D R Q & > ? 5 ? f >9 T ) ?4 L � � :FE 0 G H b A&

= ( W 1 o '\ W WJI AK ? BC0 @ r8 79 @ = >9 j 8 7; > 5 ? 7 r 5 ) / ; = 5 ?/ 5 AL � �

= ( 7 g g ? L ( V # )p # cM cp b #M bp N c XPO ) ?4 ? v6 5 AQ 9 5s 9 6 5 9R ? V #S p NM cp & M & p c XO

TR ? v g ; ? >6 fhg i L VK  \ UV WYX Z X [\] ^_ ` Xba V b c p N M & p c XO d & p & ef rg )R L VK \

GH GB X A L VI AK \ GH GB Xa V b& p c M cp h XO Qjik R l m R Y n v gR o T

pq r rtsu v vwx y gz kf { ng 9 | } K~ �9 f g � if iR � }g 9 �9 R { i g }R nif |9 � fR } |R � Q � v }k f � � > �J� ��� � �



� �

2.5

3

3.5

4

4.5

5

5.5

3.8 4 4.2 4.4 4.6 4.8 5

Ec.m. (GeV)

R
 v

al
u

e 2.5

2.75

3

3.25

3.5

4.24 4.26 4.28 4.3 4.32

� | f | � � v � i rR g g s ik nR �k g g { � " & S h �R � z g n f ng { v } i |g 9 gz g g s R � i t �f � � }kf n �R {

�R �g 9 ff | n� %�� �� |9 f 9 p	� 
� �u  ��� g s R n ik nR �k g g { �? � ts f )R � ng { v } i |g 9  �

�k | � }kf 9 9 R � | � ik R R � �R } iR { {R }f � � g {R gz � �" & c� � |z |i | �f k � r n | {  E v i i k R

}kf 9 9 R � | � } �g �R { d �g g i k R n � g {R � � � v }k f � > > I AK � �f � rR z f ) g nR { |9 � iR f { 



/ 8 5 +� � � �� � � � �� , � 2 � � �� � � � �� 	
 �4 3 , � � + � ; �: � ; � <  +� 9 ���

� /� /� �� � �, �� �, �
 � � ��� � � , � � �� � � ��� � !" ��# # $ % %# & $ % % $ ')( 1 �

* � 4 + � , �4 -
 �
 � ��  . /0 ! �# < & $ % %: '1 � + + �2 �� � , � � 3546 7 89 :; 79 :

� + � 9 ��� �=< +� , >
 � ? �� @ �� A B � , �< CED � A �� �� < F � +< 
 �G A � + ,H �

IJ  J � ��K �L J � $ % % $ &5M � I � � F � � '�N 2 � �� � , � � 4 9O P  +� Q ��� �

< +� , >
 � ? �� @ �� A B � B � �K �� � R
 � � R �
 � �
 � ?TS �� H 2 �� � +U R +� � +< �� � + ,

S + 	 � + � Q ��� � �� � V % �

W * � X I �� � � , �� � , �
 � � � I �� � � , � �
 � ��Y � � �� � � I F R R �Z Z [ �]\ \ & $ % %\ '1

� + + � �� 2 � � � � , � + � 
 � RE^ � �� R �� < F � �
 � � , � �^ � F ? ^ �^ + > ^ , - + � + , � � > # $

�
 H + � , � H , � > @ �� , � IJ  J � �

Y + 	 . , . , � � + � F � � &^ + R`_ +U Q % V %a %b a '�N � + + �� < +� , > � 2 �� � c

@ �� A B � dEe f � B � � � 2 � �� � c @ �� A B � B � de f � B � B � � �� � � F � � S � �

�^ +� � > � +S � �



� � �

I R +� � �� �� � R > , � � 3�� � 	 � + , � 
 �� � ^ R �� H � 
 + � � �^ 7 � R � + 
 +� � \ � N

� Y + , � � > $ % % + - + � � 
 � S � 3�� � 	 c B f � � c B f �� � � � �^ +U � � F 
 � - + � �< +� , > � � ��� ��� �9 4 � +� �� H , �� ^ � � � �

� � $ QJ # � , � �� 
 � � � ��  "! c �$# % � � � ^ , �H +< & F , �' H , ? � + � � � H ( H +� �

� J U �) F 
 � - + � � < +� , > 
 N R ( � +� � � ,) ) >S +* � �) + ? * ( F � < S ( * ^ >$+ * � < 
 � ?) F ++ ,) ) 


� * � + & � , ? ? +< - � , B-, B A ' # % � < + � , > S ( * + - +* > S ( F * � 3�� � 	�NI � H F) � , � + ( F 
) > 
 � F< > +U �) F 
 � - + < +� , > 
 (S # % � , � < � 3�� � 	 � ( 
 ,H +

. � ,) 
 � , � + 
 � ? F ,* < , ? , � � 
 � ' � � +H , � � � * +/ +� � � ( � 
0

1 ( < + 
 � &\ % 1 ' 
 ,H R) + (S �32 4 � 3�� � 	 < , � , � R ( 
 
 � + ) > � ( + + � , ' + �

� � 
 FH H + * $ % % V � � �) ) ? � - + H F � ^ � + � � � S ( * H , � � ( � 0 1 ( * + H , > + +

� ,* * , � � +< �S * + 
 F) � 
 ,* + R* ( H � 
 � � ? 0



� �
�

�
�

� � �� � �� � �
	� �� �  ��� � � �  ��� � � � � � ���� ��� 9 � �� � � � � ��� � �
� !" #

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
 Background

200

180

160

140

120

100

80

60
0 40 20016012080

E
1 

(M
eV

)

Signal

1600605-004

Preliminary

$%& & '& 9 � % ( �� ) ��* �� ) + �9 & # % � �� ,� �9 %  " � % % � 9 - ,� �9 . � % % �/ � '%  0 � (& � 1 2 

3� 4 5& '& 9 � % %& & 9 +6  78 6  9 * �: � - � �; 9 � � � 4< 5& '& 9 � % %& & 9 + 9 98 6  7 * � : � - � �; 9 � 

" & � % ; �& = �>@? AB  � � � � > AB �DC = �>@? AE  � � � � > AE �DC �
FG H F 8 FG 3 � �IJ E K�IJ B L � �& M 

N ; * 0� % )& � 4 NO P Q R +6 < 96 6S � 96 6 7 #UT >V? AW � I � I > A �& % ; 0� % � � �� ): � . � 9 - 

X ; � 9 -ZY [ � 9 4 N �& ��: � = � 3 K \ ]  � K \ ]� � � C FG 	_^ 6  ` �& M 



� �

�� � �� � �� �	 � 
� � � � � � � � � �� 	 � � � � � � �� � � �� �� �� � � � � �� � � ��� � ! � �� " � �� # � � �

	 � �$ % � & �' (�) ! * f + "� �, � # �-  � � � � �. / � " � � � - � � 0� � �� � � " �

1� 0 � 23�  � � 
� 0� $ � � ! �$ � � � � �4 � 5 � %- � �$ �� �� � 5 67 �8 9 �� � 8 � �� � � �� : � �� � � � � " �

;� 0� $ � # � � �< =  � � � �  �-  = � � �- % � � � - � � 0� � �� � � " �

;� ;� � % � � & � �� 
� � � � �� � � � � � � �� 
� �  " � �� � � � � � � � > �� ?� �� ? � �� � � �

�� �  " �- � � �@ � 5 � � � � � � � 0� A % ! ! � � � � � > �� 8 � 8 � � �� ? B B� 9 � � � � �� � � �

	 � 
 � � � � � � � � 2 C 2 �ED � �� �8 � � � 23� �� � �- � � �- F� 0 � �G � � "� % = �� �H 23�  $ �� � �

5� 4  �I � � �$ $ � � �� %$ - � � - � � 0� � �� � � " �

@ � ; % ! � �$ �- -  " � � �� %$ - � � � � �EJ �  � � � � � !$ % �J �$ $ � � - � � 0� � �� � � " �

K � @ �� $  � �� � � �4 � ;� 5  2 & � � � � 2LD 2 � C� �� 8 8 B 9M � 5 � � �  N % �� &� � � � � �-  N % �� &� �

G � @ %J �� � = � & � � � � �� " �  � � 2 � �- � N % �� &� �- ; 5H � � - � � 0� � �� � � " �

O� K �$ $  & �' (�) ! * f + � � � � - � �� � � �� J � � - �- �� � - � � 0� � �� � � " �

4 � K �� �  � & � � " � �� # � � % # � � =  � � 23� �� � �- � � �- F� 0 � � G � � "� % = �� �H 23�  $ �� � �

0� K � � �� � � � =  � � �  !$ % �J �$ $ � � � � �J �  � 2 � � �  "� � - � � 0� � �� � � " �

H � 	 �$ � # � � � F� P  $ "I � & � � � 2LD 2 � C� �� �8 � Q � �  N % �� &� �

�� 	 � � � � � � � " � �� # � � % # � � =  � � � - � � 0� � �� � � " �


� � �-  � � =  $  �R � - �- �� �- 0 5 � S 1 1 1 � - � � 0� � �� � � " �

�� � � %J � � � # � � " � �� # � � J �� �� � � �- � �$ $ � � - � � 0� � �� � � " �

K � �� G � $ � � � � � � � 2LD 2 � C� �� �� � 9 � 23� �� � �- � � �- F� 0 � �G � � "� % = �� �H 23�  $ �� � �


