
�

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

� ��� ��� �  "! # � $ ��

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

.� � / 0 / � �� � � 1 � 
 � �� 2 	 2 �"� 3 � 4� � 
 2 5 � 
 6 � 7 8 �� � � 9	 ��

� %�&' ! ( �' :� � + � & ) ;< = , = & �

>@?A BDCE C F CG HC I HA A JLK BG HC IDA J MNPO E C FQ�R S TU S TV N W

XZY []\ ^`_ a\ bc \ d e \ fg \hi j

k]l h m ^no pnq q r cs tuwv xc yPz {h a]| ^ {}



�

�� � ��� �� 	 
 � � � � 	
 � � �

����
����� � � & �

� �� � & �

� &� �! &' � $ �� '  = � $� �' !

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

( &) �+* � � * ( & ,  $� , ��  & � , � �  & � �! , * -

� . ! ( � $ * * , �  ' # , ( & =� � $ ( & + $� = %& ' !

/1032 465 7 / 89 : 8; <=> �& � +'

? = %& ' , = =� �) $ + , � $ �� ' ! . ,' ' $# & ,�  

. ,' ' ( &' ' ' # * & + &' @ ,�  # , � $ , $ ( & ' � A

� B � � $ & * , �  ' # , ( &' �# & � ) $  & � ,� ,& !

� $� & + , � $ # � & , $ �� ; , �  ' # , ( &'

CD ! / 8FE G � & � 8 : ;H D ;I

' � J ! / 8FK G � & � 8 : ;H / 8 H D ;I



�

� 	 
 � � � � 	
 � � � � � � � �

� � � , ( =� �  "! # � $ �� � , �&' , � ;� % " !

��� �	� 
��� 
	�� � 
���	� � � ��� � �� � � 
 �� � 
 G

. , $� � & ,' �� : �� � & ,! �� ' ! = =� &' ' $ �� ! = * ,' &' = , #& �

e+

p

γ c, b

c, b
Eg = Xg * 920 GeV

Eγ = 10-20 GeV

� �"� � � 6� � 2 6 � 1 ���

�! "

: 8#

$&% ' ( �� )� *

�� �+ " G � , -

. � �! " G � , /

H
1

 C
o

ll
a

b
o

ra
ti
o

n

) 1 	 �� �� � 2�

? $



�� � ��� � � � � � � � 	
 � 
 
� � � �
e+

p

γ b

b

µ,Jet

Jet

µ

Jet

Jet

J & = , � , �& � & ,! �� :� � + # ,�  !  ' !

� � , � ,& . + ,' ' ? � , � ,& . ! �� D �� �I

� � �� , . ( $ :& � $ + & ? � , � ,& . ! �� � + = , # � = , �� 	



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

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

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



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


1

10

10 2

-0.1 -0.05 0 0.05 0.1 0.15
Impact Parameter δ [ cm ]

E
n

tr
ie

s

   Data

bb
−

cc
−

uds
Sum

H1
Q2 < 1 GeV2

50

100

150

200

250

0 1 2 3
p

rel
t   [ GeV ]

E
n

tr
ie

s

   Data

bb
−

cc
−

uds
Sum

H1

Q2 < 1 GeV2

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

1 2 34



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

20

40

60

-0.5 0 0.5 1

   Data

NLO  QCD ⊗ Had

NLO  QCD

H1dσ/dηµ (ep → ebb
−
X → ejjµX)

Q2 < 1 GeV2

0.2 < y < 0.8

pµ
t  > 2.5 GeV

p
jet1(2)
t       > 7(6) GeV

|ηjet| < 2.5

ηµ

d
σ/

d
η µ[

p
b

]

� � !� � �  �+ � -/. � � � �

!   � � � � � � � � �� 	 0

�  � � � 
 � !� � � � �� 


� � �  � + � - �   � !� �



� � � �� � � � � 
 ��

10
-1

1

10

2.5 5 7.5 10

   Data   Data

NLO  QCD ⊗ Had

NLO  QCD

H1dσ/dp
µ
t (ep → ebb

−
X → ejjµX)

pµ
t  [GeV]

d
σ/

d
p

µ t [
p

b
/G

eV
]

Q2 < 1 GeV2;    0.2 < y < 0.8

p
jet1(2)
t       > 7(6) GeV;  |ηjet| < 2.5

-0.55 < ηµ < 1.1

�� � � � �+ � � � � �

� � � � � � �� 


! � �� 
 % �
�



�

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


0

20

40

-1 0 1 2

  H1

  ZEUS

NLO QCD ⊗ Had

ep → ebb
−
X → ejjµX

ηµ

d
σ/

d
η µ[

p
b

]

Q2 < 1 GeV2

0.2 < y < 0.8

pµ
t  > 2.5 GeV

p
jet1(2)
t       > 7(6) GeV

|ηjet| < 2.5

1

10

2.5 5 7.5 10

H1 -0.55 < ηµ < 1.1

ZEUS -1.6 < ηµ < 2.3

NLO QCD ⊗ Had:

-0.55 < ηµ < 1.1

-1.6 < ηµ < 2.3

pµ
t  [GeV]

d
σ/

d
p

µ t [
p

b
/G

eV
]

Q2 < 1 GeV2;    0.2 < y < 0.8

p
jet1(2)
t       > 7(6) GeV;   |ηjet| < 2.5

�� � � !� + � � � � � �

�� �  �	 
 �

�	 
 � 0 � � � �� �   

!� �� 
 % �
�



���

� � � ��� � � � � � 
�� � � � � � � �

1

10

4 6 8 10 12

   Data

NLO  QCD ⊗ Had

NLO  QCD

H1

pµ
t [GeV]

d
σ/

d
p

µ t[
p

b
/G

eV
]

10

20

-0.5 0 0.5 1

   Data

NLO  QCD ⊗ Had

NLO  QCD

H1

ηµ

d
σ/

d
ηµ [p

b
]

� �	� 
 �
� � �� ��� �� �� ��� �

� ��� � 
 � � � � �

� ����  ��"! #� � � $ � � �

!   � � � � � � � � %& � 	 0

'� � �� 
 ! � �� 
 % � )

!   � � � � � � 0 '� � �� 
 ��

(� + 
 !+ � � �+ � � � � � �



��

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


1

10

4 6 8 10 12

   Data

NLO  QCD ⊗ Had

NLO  QCD

H1

pµ
t [GeV]

d
σ/

d
p

µ t[
p

b
/G

eV
]

10

20

-0.5 0 0.5 1

   Data

NLO  QCD ⊗ Had

NLO  QCD

H1

ηµ
d

σ/
d

ηµ [p
b

]

  ZEUS

pT
µ (GeV)

d
σ/

d
p

Tµ  
(p

b
/G

eV
)

  ZEUS 99-00

NLO QCD ⊗ Had.Corr.

NLO QCD (HVQDIS)

0.05 < y < 0.7

-0.9 < ηµ < 1.3,  pT
µ > 2 GeV

-1.6 < ηµ < -0.9,  pµ > 2 GeV

E
T,jet

Breit > 6 GeV, -2 < η
Jet

lab < 2.5

(a)

ηµ

d
σ/

d
ηµ  (

p
b

)

(b)

pT
µ (GeV)

d
σ/

d
p

Tµ  
(p

b
/G

eV
)

  ZEUS 99-00

CASCADE, mb=4.75 GeV

RAPGAP, mb=5 GeV

(c)

ηµ

d
σ/

d
ηµ  (

p
b

)

(d)

1

10

5 10 15

5

10

15

20

25

30

-1 0 1

1

10

5 10 15

5

10

15

20

25

30

-1 0 1

� ��� � ��� �	 
 
� 
� 




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

�

1

2

3

4

5

10 102

Q2 [GeV2]

σb
b_  / 

σ b
b_

 N
L

O
 Q

C
D

H1       γp:   σvis(jjµX)   p
rel

t   ⊗ Impact Parameter

H1       DIS: σvis(ejµX)  p
rel

t   ⊗ Impact Parameter

H1               F2
   bb              Impact Parameter

ZEUS  γp:   σvis(jjµX)   p
rel

t

ZEUS  DIS: σvis(ejµX)  p
rel

t

∫∫

QCD NLO (massive)

γp  (Q2~ 0)

� !� � � % !� ! � !   � � � � � �

� � !� � �	 
 � 0

. � � � � � �  

� � 0

� � � ��

� 

	 �� �

% ! � !  �  ��
 ! -� � �

� !   � � � � � �



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


Q2 (GeV2)

D
at

a 
/ T

he
or

y

H1 µ pT
rel

H1 µ impact param. (prel.)

ZEUS e- pT
rel

NLO QCD

σvis (ep → b X)

∫∫0

1

2

3

4

5

6

1 10 102

���� ��� 	 ��
 
 � 

 � � ���� �
 � ���� 	 � 
 �� � 	 ��

�
 � �� � 
 �
 � 	� � � �

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

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


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

� � � � � �
 �  � � � ��  
 � %& ' ! % ! ( � �  

	 � 
 � 
 � �� �� 
  	 � )* ',+ & 
 � � $
 � 	 � ��.-

	 � � � / * ' � �  )* ' 
 � 	� �� � ��� 	 � � �


 � � � ��� 	
 � 	10 � � � � � 2 �
 �

� 3 � � 	
 � 4 576 8:9 � �  4 ; 9 
� 	� �� � � �
  

<
 + �+ 4 ; 9 = > ?
 @ � � � 	
 �  � �A + B ?
 @ C

/  � D
 � 
 � 	 E � �
 �� 	 � 
� � � �
 �� � 

 F



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

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

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

% � � , " - � ( #. �" % ( % $ " %  / *

0� ( � 1

� 2 � ( #. �" % � ' / * 0� ( � 1 $ , 3 ' �+*

4 (� � ' 3� , $" # . �  " ' � 4 (� ,� � 4 *

% �� . 5 �76 #6 - � . 89 : ;9 : <

� ��� � ��� = ( ' � " $ , ( % $ " 4 � � � 4 *

% $ " , - � � ( �%  " > �% ,� , $" # ? @

A B" $ � = � �% ( � 6 C 2 � ( # . �" % ( % $ " $ , ( � / $% ( �� DE = ( % $ , % = �� " 4 � �% ( $" % � F

A 2 � ( #. 6G ?�  " * ' � 4 (� (" 'H ( ' � " $ , ( % $ " 4 � �6 - � � ( �%  " > �% ,

D � � � , � � 4 � , - � 4 " , $ ' � � ( / � � ,� ,% 6 � " 4 � �% ( $" % $ � ,  - 4 ( � 4� � ( % $ " I



���

�� � ��� � � �	 � ��
 �
 � 
 � � �

� . � � � � ' �� � 4 ( � 4� � ( % $ " , ( � ( $ � ( / � �E $&% = �76 #6 .  � � 4 " , $ ,% �" %

% � � ( % . �" %  - - � ( #. �" % ( % $ "

���� ��� ��� � ��  ! "
A ?� 4 = $ . � � � � ' ' � , 4 � $ � % $ " I

# $ %& '')( * %+ # ' * # ,.- /0 ( + # 1 - ( 1 # 243 5( 0 67 89 ')( ( :



���

�
 � � � � � �
 �

� � � 4 �" % � � ,� � % ,  " � * � � '� 4% $ " ( % H 9 � �E $% = ?�  " , (" ' 8 �% , C

� � �" � � ( � � � #  ' ( # � � � . �" % / �% E � �" H 	 (" ' 
9 � ; ' ( % (

� � ( % ( ( � � ,� ,% � . ( % $ 4 ( ���� ( / � � � � � ' $ 4% $ " , - � . ? ( , , $ � � �� �

� : � �" ' C � ( % ( ( / � � �� � ( % , . ( � � = ( � ' , 4 ( � � , 
 ��G � � (" ' $"

- �E ( � ' ' $ � � 4% $ "

� � � � ' - � $ . � � � � ' .  ' � � , C : = � � �% $ 4 $ (" , C ) � � ( , � � � � $ ' � % = � . G

�76 #6 ? @� �� � I



�
�

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


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


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

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

� � �! " ##%$ $ $ & �')( *,+-. ( *,+ #  / �01�2 3 �1�4 5- #6 '  7 + 01�8 1 5 37. ( - �4 7 � 01 - �( � �8 0



���

� � �
 
 � � � � � �
 � � � � � �

� , � ��� � � 4 = ( � # � (" ' (" *

#� � ( � 4 � � � � ( % $ " , %  , �� ( � ( % �

4 = ( �. (" ' / � (� % � � � �" % , � A

�	


9 � ;

� � (� % � � ( % ( � ,

�� � 
 @ � A
Q2 (GeV2)

σ(
b 

or
 b–

, r
ap

. ζ
b <1

) 
(n

b) ZEUS (prel.) 96-00 D*µ
NLO QCD

← PhP →

ZEUS

∫∫0

5

10

15

20

25

1 10 102

A � � ( % ( � �� � 
 @ �

A � ( � # � � � � � ,



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

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

����� �� � � � � ��! � � �" � �

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

 $02 ' ( � +� �-, .0/ $2 '.)1 ')( 34 *

5( 5 *1 . 1 5( 3 * , 6 71 ' +� � 7

8 8 9: : ��� �� , ; <= � �> ?

@A!B CD �� � � � � �  �� � � E � � F ��� �� 9G ��� � ��

��� �� � * 5 H * 3 H I 5

�J G KLM N �� � �  � O � I � $ ' I � ' ')( 5

�M P �M �Q 4 ' 5 5( = H 5( � H 5( '

R �  S � <T U ?VW
> VW 5( =

X!YB Z [\
��� �� � 5T H * 4 H 4 *

�J G KLM N �� � �  � O * 3 $ I I ' 4( T

�M P �M �Q < 5 �( T

R �  S * � U ? ]
> W I( 5 H ')( 5 H 5( 3

^`_ ab c)d _ e f_ g g



���

� � 
 � � � � � �� 	 ��

� �
� � � � � �

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

(D*) [GeV]Tp
2 4 6

(D
*)

 [
1/

G
eV

]
T

/d
p

σ
 dσ

1/

10
-1

1 Data: 97,99-00
PYTHIA
PYTHIA (b)
CASCADE
FMNR

(D*) [GeV]Tp
2 4 6

(D
*)

 [
1/

G
eV

]
T

/d
p

σ
 dσ

1/

10
-1

1

(D*)η
-1 0 1

(D
*)

η/σ
 dσ

1/
0

0.1

0.2

0.3

0.4

0.5

0.6
Data: 97,99-00
PYTHIA
PYTHIA (b)
CASCADE
FMNR

(D*)η
-1 0 1

(D
*)

η/σ
 dσ

1/
0

0.1

0.2

0.3

0.4

0.5

0.6

�� � ��� � �� �  ! �" #%$

&(' )* � ) +, �� � � - � �* , .

�� � ��� � �� �$ � )/ �0 1 � -

, )0 �32 4 )' 0 �' & & �' �5 - � )2  6 #



���

� � � 	 � � � � �� � ��
�

� 	 � 
 � � � 	 �
�




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

 ) [GeV]µ(D*Tp
0 2 4 6

) 
[1

/G
eV

]
µ

(D
*

T
/d

p
σ

 dσ
1/

0

0.1

0.2

0.3

0.4
Data
FMNR
FMNR (b)
LO (FMNR)

 ) [GeV]µ(D*Tp
0 2 4 6

) 
[1

/G
eV

]
µ

(D
*

T
/d

p
σ

 dσ
1/

0

0.1

0.2

0.3

0.4

]° [Φ∆
0 50 100 150

]°
 [

1/
Φ

∆
/dσ

 dσ
1/

0

0.01

0.02
Data
FMNR
FMNR (b)
LO (FMNR)

]° [Φ∆
0 50 100 150

]°
 [

1/
Φ

∆
/dσ

 dσ
1/

0

0.01

0.02

�, � �' � 2 & � 5 � - � )2 � 4 )' � + �5 -� 
 � . )2 & � � � & �32 � )' & �' * � �

� ) ) & & �� 5 ' � * - � )2 
 . �� �



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

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

 ) [GeV]µ(D*Tp
0 2 4 6

) 
[1

/G
eV

]
µ

(D
*

T
/d

p
2qσ

 d
2qσ

1/

0

0.1

0.2

0.3

0.4
Data
FMNR
LO (FMNR)
PYTHIA
CASCADE

 ) [GeV]µ(D*Tp
0 2 4 6

) 
[1

/G
eV

]
µ

(D
*

T
/d

p
2qσ

 d
2qσ

1/

0

0.1

0.2

0.3

0.4

�
 � � ��� � � 1 )� , & 
 � � �2 � � - ��� �

- ) �32 -' � 2 � � 5 � � ) 4 �, � )2 4' )/

- 1 � * ' ) - )2

� �� � �� �� * ' )� � & �� �, � )2 �

0 � - 1 � 2 -' �32 � � 5 � � 
 � - & � + �'��

�2 5 �� - ) � � �� � �' � � / �, ,



���

�� � � � � � �� �

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

� � 
 � ��� 
 � � ��� �� 
 ���

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

� ) 
� � 
 � *� � �� �� ' �� " $ � � " � � + � 
 "� 
, - ). � � " � � �

� �� / � � 
 
� � � � ! , � 
 �10 � � � � 
 , 
� � �� � �� � � �� � , � 
� � � �� �& , - ).

0 � "� 
� � �� / " � *� 
� � � , � 
� �� � � � 
 � � � �� 2 �3 4 56 7 �� ) 7 8 ) 7.  9



���

� � � � � � � � ��� �



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

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

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

-/.0 1 2�34 576 8 9 6 : 8 6 ; ; < ;=?> 8 6 9 8 6 @

A0 3 B34 ACD EF G HI J E F G H I J K L 9 ; ; 8 EF G HI M E F G H ID @

K 9 ; ;N

AO 3 B34 ACD PQ-SR P J T PQ-SR PU T

V WX Y[Z\] ^_a` b c ; 6 8 = 9;76 8 = 9;76 9;76 N 9 5;76 N ;=

Q .4 3 0d 6 1ef g .h ikj l ikm npo irq m sm t i no irq m sm u�v npo irq m sm l ixw npo ikq w s w l ixw no ikq w s w

D f e B3 0 6 1ef g .h izy l i{m npo i|q m sm t i no i|q m sm u v n t i|q l ixw npo ikq w s w l ixw no ikq w s w

l w ^_a` b c @6 }I @6 }I @6 }I @6 }I @6 }I

l�~ ^_a` b c 8 6 I 8 6 I 8 6 I

A . B .0 13 4 � w ;76 ; ; 5 = ; 6 ; ; 5= ; 6 ; ; 5=;76 ; ;N N;76 ; ;N N

A . B .0 13 4 �~ ; 6 ;I :;76 ;I :;76 ;I :


