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

� � 
 � ��� ��� � � 
 � �� � �

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

- 	 � � � ��

. � 
 �/ �� � � � � � � � � � 0 � 1 
 � � �32 � � � � 
 � �� � �

. �� � � � 4	 � 
 5 �6 �87 � � � � 9 : � � 1; � <

. = > = 2 � 
 
� � � � � � �7

. ?	 � � � / <@ � 
 A � 
 � 1 	 2 � � � � B � � 0C � � � A

D E�F GIHJ J K LM N OP QSRT TUVWYX ZUV [ \



� 
 �/ �� � � � � � � � �@ � � � 1��
� � 0� � � � � 
 � �� � � � � 7 � 1�

'" � * � �+ � � � �  + �� � � �� �+ * " � # � �+ � �  �� ) �	 )� � � 
 � �"  # 	 � � �  +

� � 
 � � �+ # � 
 ! $� � � ��� ! � � � �� " ��� � � ) � ,


  � ��+ � � 	 + # �"� � �+ # � � � � � � �" �+ # " � # 	 � � 	 + � �" � � �+ � � �� �

� %+ � 	 � �"  � � � � �� 	 � � � � �� #� � � �  * � � � � � � �� � �+  � ) � # * � $� �� ,

�  �� )	 � � � � � � 	 " � � � )� 	 + � �" � � �+ � � �� # �" � � �+ * �"  � �" � * � �+ � � � �  +

� ! � � � � �  " � � � � ) � � �  � 
 � �" � * � �+ � � � �  + �  �+ �� #"  + � � �+ � �"  � �+ �

�� � ��� 	 " �+ * � � � � 
 � � $ �+ # � 
 ! � ,

� � �� � �  #  � � � � " �* �  + � � � �" �+  + � �" � 	 " �� � � � � �  � � �� � " � )� " * �$ �� * � )  � !" , �

# E�F GIHJ J K LM N OP QSRT TUVWYX ZUV [ \



< 0 � 
 �@ 
 �/ �� � � � � � � � �

�

� � / �

 � �� � �+ * � �� " � �" � * � �+ � � � �  + � ��� 	 " �� �+ �� �

� "  * " � � � �� � � � � )� " * � � � � � #� � � � � � �  

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

� 	 � �& � � � � �  " �

� �  � �� " � �  � ��� 	 " �� �+ �� �"  � 
 � � $� � �+ � � � �� * � ,

� E�F GIHJ J K LM N OP QSRT TUVWYX ZUV [ \



< 0 � 
 �@ 
 �/ �� � � � � � � � � � � � 9 : �

�

� � / �

�  � � $ �" � )� , � ��� 	 " �� �+ ��

�� � � � � � �  �  �"  # 	 � � �  +

� �  �" �+ � � �"  � � � � � �

+ � � # �  +  " � � ) ��� � �  � � � �+ �" * � �

	 

�� � �� KJ ����� �  ���� �

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

�" � * � �+ � � � �  + �  # � )� �+ # �� " � � � � �"

�  �  � �  � �� " � � )�  � � � �& � � �

+ � � #� � � � �� #"  + �� � � �  + �  " " � � � �  +

ZEUS

ZEUS (prel.) 1996-2000

Fit: ε = 0.064 ± 0.006 +0.011Fit: ε = 0.064 ± 0.006 -0.008

PYTHIA (Peterson)

ε = 0.02
ε = 0.064
ε = 0.1

z

1/
σd

σ/
dz

0

0.5

1

1.5

2

2.5

0.2 0.4 0.6 0.8 1

� � �� �+ � "  # 	 � � � � � � �� ) � � � 	 + � �" � � �+ � � �� � �� #"  + ��� � � �  + � �+ �" * � � �� ) � � � ��

� ) � �"+ � � � � � $ �  " �% � , � 	 � 
 ��� 
��  
 �� � �� � ��! ��"

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

� #	 � �� ) �+ � �  * � 
 & � ' &,+.- /0 �+ � � � � � � 1 243 576 8� +  � � � �+ �  ) � � #

� �" � � � )� �  � �� " � � ) � �  & � � $ ' �& � � � , �� ) �	 )� � �  + � �

9E�F GIHJ J K LM N OP QSRT TUVWYX ZUV [ \



� � �	 � �@ 
 �/ �� � � � � � � � �

�

< � 
 
 � 1 � �

( �� 	 � � #� � � �"  � � � � � � �* � � �"  � )  � �+ �" * �� � 2* � 8 �"  � �  � � � � �

With radiative corrections: x=2Eh/Q

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

0 20 40 60 80 100 120 140

√s (GeV)

<x
>=

<2
E

h
/Q

>

PEP4-TPC

DELCO

JADE

ALEPH

SLD

OPAL

DELPHI(prel)

LL (< x >NP=0.98)

Pythia 6.2

� �� � ��+ � � #  + ��

� � )  �� ) ' � �  � � ) ) � � � � � � � #� � � � � � � � � � � �� �+ #& � � � � �  " �

� ! �+ � � � � � ��� 	 " � # � � 
  � � $ % % �
� � � � � � � � �

� � � 	 # � � � � # � � �+ # �+ � �  � 
 � � � � 
 !  �� �" �� � ) �� �"  � �" � * � �+ � � � �  +$ � � � � �� ) )� �  � � �� 	 � �  �� � � � )� " * � !" � � 
  � � ,

	 E�F GIHJ J K LM N OP QSRT TUVWYX ZUV [ \



� � �	 � �@ 
 �/ �� � � � � � � � � � : � �32 � � �
�

� 	 � 
 � � �� �

� � ) � � � �  " � � " # � 	  + � � � � � "  � � � �" �  � �"�

��
�
� � � � � �+ # )  � !" $ ! �" � � 	 � 
 ,

� �* �  + � �" � � �+ � � � � � � �  +  + $ � �" � 	 " �� � � � � �  � � �� �

'" � * � �+ � � � �  + �+ � � � � �� 	 � � # 	 � �  � �� � $ #" � * �  � � ��

! �+ � � �� �  � � � � � � ��� 	 " � # � � � �" ��� �+ � � ) )� �

'  " � �� � � ) � )  � !" � �� " � � � 
  � � �+ �  " � � " # # �" � � � �  + �

 � �+ �  " � � �  � � � �  � � �� � � � � � � � # �+ 
 � �" � * � �+ � � � �  + � � � � 
 �� �� %  + �

 E�F GIHJ J K LM N OP QSRT TUVWYX ZUV [ \



�� � � � 	 � 
 5 �6 �7 � � ; � <

�� � ) � �"  � ' � �� ) �  + �

$ � 	 � �� �  � + �� ��� ! � � � �� " � , �

% � �  " � �+ � �"  � �� �� � � � � 
 !

�� ) �	 )� � ) � �"  � � � � '

� � � � � �* � � � � 	 " � � �

� � � ' �� ) � 	 )� � ) � �"  � �
2* 8

� 	 � � # �" � � � � ��� 	 " �� �+ �

�  	 ) # � � # �� �" � � ) �


  � � � ) ) � � �� � �"  � �� � ��

��+ � � � ��� 	 " � # �

�E�F GIHJ J K LM N OP QSRT TUVWYX ZUV [ \



� �� �� � @ 
 � � � � > � ��
� �7 �

� � � ��
�  " )� " * � ���	 
 
 �* *� �"  # 	 � � # � � �+ )� � �� � � � �  � 

�+ # # � �� � � �+ �  � �� �� �

�  � � ) �"  � � � � � � �  + �� ) �	 )� � ) � �  � �" � � �* � � � � 	 " � � �

!  + � �� � �+ � " �� 	 ) �� �"  � � $ �� �  	 " $
� � �  � � , �+ #� $ �� �  	 " $  �  � � ,� � � �� ��

( � � � � � � � � �+ � � # � � �+ #� � � "  + * )�  + � � �� �� 	 )� � �  +  � � � � � + � )� � � � � � � �

� E�F GIHJ J K LM N OP QSRT TUVWYX ZUV [ \



� � 	 # � ��� � #  + �� � 
% � � � � � � � � � � � �" �  � $ � � ��� , � �  �" �+ � �"  � �� � ��

� ��� 	 )� � � # � �

� � � � � $ � � � � �� ,

� � � �� � � � ) )

" � �  + � � " 	 � � � #

 + )� � � )� " * � !"

� � � � � � �+ � �# � � �+ #� � � "  + * )�

 + � � � �"  � �� � �

 �  � �� )  � !"� � � � � � �+ � �� �
�

� �

�
 � � � � �* � !"� � � � � � �+ � �� �

�
� �

� � � �  � �

� � � � � � �+ � �� � �


  � �  �  + � "  ) � � � !" � � � � � " 	 � �
� + � � #& � � # �  �" �+ � �� ) # �� � " � � 	 � �  + � �

! �+ � � ) �� "+ �"  � 
 � �"  # 	 � � �  + �+ �% � �

� E�F GIHJ J K LM N OP QSRT TUVWYX ZUV [ \



� � � � 
 � 1 	 2 � � � � � � : ?; :  � :
�

? � � �� � � �

��  � � � �* � !"

� �+ � � � � � � �   � # �
�

�� � �* "  	 + # �  �  & � � �" � # � � � �  + � � �� � )� � ) �

� � � ��� 	 " �� �+ �

� � �� � "  + �

�  " !" � � � � � �
�

��� � � ��
�

�

	 2 �  8� � � � � $
� � �"  � �
 ,

	 2 �� 8� � � � � � �

�  � � � � � �� � � ��

D E�F GIHJ J K LM N OP QRT TU VWYX ZU V [ \



� 
� � � � � � � 
 � � � � 7 � 	 1 � B � � 0 : ?; :  � :
�

? � � �� � � �

� � � 	 � � �  + � 	 � � �  " � �� �  	 " � � ) � � � � 
 !

)� " * �" �"  � � � � � � �  + �+ # )  � �" $ " � )� � � � � , �� � �* "  	 + #�

�  " !" � � � � � �
�

��� � � ��
�

�

� 	 2 �  8� � � � � � � $� � � �"  � �
 �  � ,

� 	 2 � � 8� � 
 � � � � �

�+ � )� � �� �

� � � " � � � � � � � � � � � � � $� � � � � � � �+ �� ,

� �  �� � � � � � * * �+ * � � " � � �* � �� �  + � � # �" � #�

� � � ��  � � � 	  + $	 � � � � � �+ � �� � � � � 	 " � � � ,

� �+ � )	 � � � � � � � � � � * $
 � � � � � � �+ ��� �� � � 	 " � � � ,

��� " * �� � � � �� � � �� $� � � � � ��  � � �+ �� �+ � � �  � � ,�# �  �" �+ � �� ) �"  � � � � � � �  + �

� "  � �� �+ * � � 	 # �� � � ) ) � � �  + � �+ 	 � # � � �

� � �+ �� � 	 � $ �+ � � � � � � , � �  � �  �  + � "  ) �� 	 � � " � � � � � � �� � �* "  	 + #

D D E�F GIHJ J K LM N OP QRT TU VWYX ZU V [ \



� � �� ��� �	� 
� ��  �

� � )� " * � � � �� ) �	 )� � �  + � ��� � #  + � � � � � ' � � �"  � � � � � � � � � � # �  �� � � � �* � � � � 	 " � � �

� �" � � �� � # �" � � � � ��� 	 " �� �+ � � � 
 � �  ��� �  � � )� " * � � � �� # �� �" � � ) �


 �* �%$ � ��� (�� �
� '� �

�"  � 
 � �

!  � �� " � # �  
 � � � '�

�  " � �" � � �� � " �� 	 ) ��

� � � � � � � # �"  � 
  � � $ % %

H1 PRELIMINARY

10
-3

10
-2

10
-1

10
-3

10
-2

10
-1

1
x

qu
ar

k 
fr

ac
tio

n
H1 Preliminary

Q2= 200 GeV2

H1 PDF 2000

10
-3

10
-2

10
-1

10
-2

10
-1

1

H1 Preliminary

fcc
_

fbb
_

ZEUS fcc
_

Q2= 650 GeV2

x

D # E�F GIHJ J K LM N OP QRT TU VWYX ZU V [ \



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

� � � �  " " � )� � �  + � � � * � � � �  " � �+ �  " � � � �  + � ��+ � 	 � � �+ � )	 � � � � � ��� 	 " �� �+ ��

� # �" � � � )� � �+ � � � � � � �  � �* � �"  " # �"� �+ 3 6

� � � � �� � �� " � � �	 )� " � ��� �� �� � � " �* �  + � � � �" � �+ � �" �� � �+ * �  � � �� � " � )	 " � �+ * � �� * � �

  �� �"� � � � � )� " * � " � � � # � � � �+ � �" �� )� �+ � � � � � � �  ( '  � �  � � �� $� � � ' � ��� ) �  + � ,

 �  �� �"� � � )  � ! � � �" � �+ � � � � � � �  +  + $ ) �+ �� " �
2* 8 � �  )	 � �  + � $� � �  �  	 � � � ,

� � 	 ) � � $  � � �+ �� � � � 
 !� �� � �* "  	 + # �  � �  � � �� �*+ � )�

� � � ) � �  � 	 + � � � � �" � � � �  +  � # �  �" �+ �� 	 � �"  � �� � �� �+ � !�$ �� �  	 " �" �� � �  + �

�� �  	 " � � � � � � � �  + � * )	  + � � ) � � � �+ * ,

( 	 � � 	 � � )  � �" � � � � �� � � �� " �� � � � � �  �+ � )	 � � � � � ��� 	 " �� �+ ��

� �� � � � � �" ��� �+ � � ) �" � � �� �  + ��+ � �  � � � �+ � # � � 
 � � �+ # � 
 ! �

D � E�F GIHJ J K LM N OP QRT TU VWYX ZU V [ \



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

� " � ) ��� �+ � " � " �� 	 ) �� �"  � 
 � �+ # �  � � ��� � #  + �� � �  " " � )� � �  + �

� � �  � � � � � �� " * � �� 
 � � �� �"� �

(  � �  � �

�  � �

$� � � � ( ,

��� " * � �

$ # �  �" �+ � ( ,

! �� " � �
��� " * � �

 + )�

�  	 � ) � � � * � ) )  � � �  � � � 	 ��

!" 2 � � 8 � �
�

� � � �

!" 2 � 8 � � � � �

� �  �" �+ � �  " " � )� � �  + � �  "  �+ # �

' � �  �+ # � �  � �  + �+ �� �  � � � � �

�  " " � )� � �  +

� ��� 	 " �� �+ �  �  �"  # 	 � � �  +

+ �� " � �" �� �  ) #

D 9E�F GIHJ J K LM N OP QRT TU VWYX ZU V [ \



�� � � 
 � � � 	 � 
 � 
� �� �� �� � � � �� �� 	
]

2
 ) [(GeV/c)µ(D*2

Tp
0 5 10 15 20 25 30 35 40 45 50

]2
 )

 [
1/

(G
eV

/c
)

µ
(D

*
2 T

/d
p

σ
 dσ

1/

10
-3

10
-2

10
-1

: H1 Prelim.

: charm

: beauty

 )µ(D*y

-1 0 1 2

 )µ
(D

*
y

/dσ
 dσ

1/

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

]2) [GeV/cµ*M(D

3 4 5 6 7 8 9 10

)]2
 )

 [
1/

(G
eV

/c
µ

/d
M

(D
*

σ
 dσ

1/

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

]° [Φ ∆
0 50 100 150

]°
 [

1/
Φ∆

/dσ
 dσ

1/

0

0.005

0.01

0.015

0.02

ZEUS
b)

ZEUS (prel.) 96-00
beauty
charm (prompt µ)
charm (fake µ)

∆φ (µ-D*)

ca
n

d
id

at
es

0

5

10

15

20

25

30

35

40

45

0 0.5 1 1.5 2 2.5 3

� ��� � )� " " �� 	 ) � �"  � �  � �

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

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

� �+ � � � � � � �  �+ � � �� ) * �"� � � # � � � � )�

� " �� �+ � 
 � � $ % �� � " �� 	 ) �� � 	  �" �"  � )  � � � � � �

�  " �� �+ � � � � � � � � � � � � � � � # �"  � � � �  " " � )� � �  + � �+ # ) � � � � ��� � � � * * �+ * � �  � �� " � �  & � �

D 	 E�F GIHJ J K LM N OP QRT TU VWYX ZU V [ \



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

� ��� 	  + �  " " � )� � �  + �

� ��� 	 " � # � � � � �
�

� � �� � "  +

� 	 � � �  " � �" � � �� � � ��� 	 " �� �+ �� �  � � � � ) � � � � � � � ��

�� � 2� � 	 '
 � � � 8 � 2  � � 8 �  " " � )� � �  + �


 	 * �� � � � �� � � �� � � � � � � � #
� � � �+ �  " � � � )	 � � � � � ��+ + � )�

� � � �" � � �� "� �

2� � 	 '
 � � � 8 � 2  � � 8 � � � � � � � � �+ �� � � � � � � �� � � � �  �� � � ( � ��  + �  � � ) � � � )� " � �  + � � " 	 � � � #

 � � )  � � � �* � � 	  + � � � � �+ �� �+ # � �" � *   # " ��  )	 � �  + � )  � �� � �* "  	 + #�

D  E�F GIHJ J K LM N OP QRT TU VWYX ZU V [ \



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

 � � )	 � � � � � ��+ + � )� �  + � � # �" � #

�+ �" � ) ��� �+ � " � �+ � )� � �� �

� 5 � 	 '
 � 5�
�

� �

�
� � 	 '
  � � 
 �

�  � �� � �* "  	 + #

)  � � � � � �� � � � ) �

�  " � � ��+ + � )� � � ) ) � �� � 	 # � � #

� " � � )�  �  " � � � � * * �+ * �

� � 	 # � � � � � � �� " * � �  " " � )� � �  + � �

D �E�F GIHJ J K LM N OP QRT TU VWYX ZU V [ \



A � 
 � 1 	 2 � � � � B � � 0 C � � � A � -
�

� 	 � 7 2 0� �

� � � � � � � �� � �   ) �  � 	 + � � ! �  # � )� �  � �� � )� � ) � #� � � ��� � #  + 
 � � � � � "  	 � �+ �� �+ #

� �  � �" �	 ) � � � �+ � �" �� � �� � � � �� � �� � �� � � � � �
	 � �  	 � � 	 � � �

� � ) )  � � �  �  � �� " � � � �� � � � � ! �  # � ) �  # �  �" �+ � � ��� 	 " �� �+ ��

�"  � # �  �" �+ � � � � �" �� �+ ��

� �� * � � 	 + � � ! �  " � �"  # 	 � �  #� � � �"  � 
 � �
�

� ! �! ��

� � �� � "  +

� � � � � � � � � � � � �  " � " ��  + � � ) � � ! �� " � � � � �"� � ��+ �"  � � � �+ * ) � � ��� 	 " �� �+ � ��  " � " � ) �� � ) � � � � " � �  )� � �  + �  � 
 ! �+ �" * � �� �

� �"  # 	 � � �  + �+ � � � � � ��

� � �"  # 	 � � �  + � ��� 	 " �� �+ �� �"  �

�  � �
�

� � �
�

� �

�� � ) �� �+ � � # �+ 
 � � � � � "  	 � �+ ��

� !  � �� " � # �  
 �" � �* �+ # � � � � ��

� � !+  " � � ) ��� � � �  + � � � # �"  � 
 �* � &" � � �� � � 
 � �

$ � � �� � � � � �  " � � � � �� � 
 �" � �* ,

D � E�F GIHJ J K LM N OP QRT TU VWYX ZU V [ \



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

D � E�F GIHJ J K LM N OP QRT TU VWYX ZU V [ \



� � ��
�

� �
�

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

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

# E�F GIHJ J K LM N OP QRT TU VWYX ZU V [ \



��� � � � A� � �� � �	 � �� 	 � 
� � � � � � � �  � �� �

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

� -" ��� .� /� � � 01 2 � �� �� � � 3 /� 4�5 � � � 3 / � 3 �"  #6 (� � 01 2 7& !  � 01 2 1 -8 , 7

9 ��  � � � :<; � � 3� � ! " 3" = = 3?> �  � = � � � � �  /� 35 � 3 �" � . �

5 � � � ! / � 3 �" � � $ @ A � BCED FD C B 9� >� �� �"

�G �� �� � � � �� 5 � � � 3 / � 3 �"  . �� 1 $ ( 7

� � �G � � 3  � ! " 3" = / �� 5 � � �  G 3 � � :<; � � 3� � ! " �  !  � �

�; 1 $ ( / � 4 4� � �� � � 3 �"  7

HI J�K LNMO O P QR S TU VXWY YZ[\^] _Z[ ` a



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

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

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

� � � �	 �	 �

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


� � � �� � � �

� � �� � �� 	 ��� � �
	 	 �

� ! " ! � 	 � � � �� � �
	 	 �

� � �� � � �� # $ � 	 
 � � � � � � � � � � 
	 � � � �

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

� 	 � � %	 �  � ��� � � � �

�	 � � � � � & � � � � � � 
	 � � � � 	 � & � � � � � �	 � � '

H H J�K LNMO O P QR S TU VXWY YZ[\^] _Z[ ` a


