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

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

2 2 22 2 22 2 23 3 33 3 33 3 34 4 44 4 44 4 45 5 55 5 55 5 5
6 6 66 6 66 6 66 6 6
7 7 77 7 77 7 77 7 7

Q2

K, K∗

8 8 8 8 8 8 8 88 8 8 8 8 8 8 89 9 9 9 9 9 9 99 9 9 9 9 9 9 9
: :: :: :; ;; ;; ;

< < < < < < < < < << < < < < < < < < << < < < < < < < < <= = = = = = = = = == = = = = = = = = == = = = = = = = = =
> > > > > >> > > > > >? ? ? ? ? ?? ? ? ? ? ?

N

L

a

a

Λ, Σ

K

GPD

PDF

FF

X

hard

@ AB CD 0 ��E �

F GH IJK GLM NK OQP RTS U S V W

F X Y Z [\ ]_^` ^a NJK NK S b c

d Nae ` \f J NH ] J H ^` Ng ^a NJ K hTi jk Ll m no po q qr st

F u ] NK [a ` If a I` \ NK S c v S w

h u Ix x ^` y{z ua ` N| x ^K } m~ ^`� N� z q� q�� q� �� t

@ ! �� � . �* CD 0 ��E �

F � � v ��� �� ` J x S U v S V

F S V ^ [ ] I` \�� K JK � � ^ H \K f \�� ]` J� \

F u N� \` [ \� \f a NK S ]` J� If a NJ K



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


@ AB CD 0 ��E �

F 	 mM � ^ f a J ` Ng ^a NJ K ae \ J ` \ x 
f H \ ^` J ] \` ^a J ` [a ` If a I` \ J � G LM � i ^a a Nf \ } x J � \ H [F � N 
e \` a d N [a [ I� [a ^K a N^ H � [a I� y �a \ [a ` \ ^ f a NJ K x \fe ^K N [xF GL M NK � J ` x ^a NJK � ` J x ` ^a NJ J � [\` � ^� H \ [ p � \` yfe ^K K \ H�� [ ] \f N�f s

@ ! �� � . �* CD 0 ��E � � �� �* ) � +�� � ) ��

F u Nx ]H \ 	 mM � ^ f a J ` Ng ^a NJK LM � � � �� � � N [ Na ^ ] ]H Nf ^� H \ ^a � ��� o G \� �F � J ` x ^ H N [x � \ � \ H J ] \� NK � i j � 
H J� ^ H ^K ^ H y [ N [

@ ! �� � . �* CD 0 ��E � � �� � � � �* � �* )

F� �` I \ � 	 mM � ^ f a J ` Ng ^a NJ K H N| \ H yf J x ]H Nf ^a \� p [J � a � ^ f a J ` [ s 
J ] \` ^a J ` [a ` If a I` \ J � �� M [ �

F Le \K J x \K J H J 
 y� ^ [\� J K K ^ N� \ � ^ f a J ` Ng ^a NJ K 


]` Nx Na N� \ � yK ^ x Nf ^ H x J � \ H [

F m J ` ` \ [ ] J K � \K f \ d Na e ] 	 mM x \fe ^K N [x ^a  ! " # G \� $ h � %k m t



�� �� � � �� 
 � � � � � � � ��

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

t

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

N N

φ

GPD

describes also
high−energy
[FNAL 82 Binkley et al.]

J/ ψ data

h m il u q � i I | ^ [e NK \a ^ H� 


�e \ J ` y{z �` ^K |� I` a } ua ` N| x ^K qo t

@ � D � �* �� 
 � � 
� + D 0 
* �� 
 �� � � ��E �* � ) �� �� �* �� + � � �

@ % * ) �� � �) �* + 
 � � �� E �� D �� �. � � �) � � � 0 ) � 
* �

C� �* + �� � ) � ��� �* � �

� ! �� � 
� �� � �� � + � �� ) � � �) �� � � �* �E �� � � + D 0 
* � � � + �* +

@ � ��� � � � �� � ) � 
* � � 
 �

 � !#" !%$ � � C � &(' ! �& �

@ ) �* �* ) � � � 
 � $ % �& +

� %,l z � J | ^ JK kM 
 ] \ ^ | NK - $ R.0/ W

1 � D � �* 2 '3 4 �* ) �� �� �) � ) � 
* 5



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

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

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

	 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 		 	 	 	 	 	 	 	 	

 

 

 

� �� �� �

p

K →∗ π

Λ → πS( ) N

K

GPD

hard

-0.2

0

0.2

0.4

0.1 0.2 0.3 0.4 0.5

-t = 0.5 GeV2

Jd = 0
Ju = 0.1

0.2

0.3

0.4

HERMES (preliminary)

x

A
U

T

h m il u � o G \� ]` J �\f a \� 
�� 
� J � \ H z � ^K � \`e ^ \ 
e \K \a ^ H� t

@ � � � C 
 � D � 
 D �� �� � ) � 
* � � & � � �) � &) � �* �E �� � � ) 
 � � � C) � 
* �B � �

� �* �� ) �E � ) 
 � 0 ��� � � D � C � ) &. � � � '3 4

� � � � � � � � � ��� � �� � � � � !� � � �

f � � a ^` 
 \a ] J H ^` Ng ^a NJK ! "!

@ � 
 � � � * � � � ) � ) �� + �) � 
 D �� �� � ) � 
*

�� * C D � D 
* + � ) 0 � � * � D � +

@ � ��� � � � �� � ) � 
* � � 
 �

! # � ! $ � � C � &(' ! �& �

� 
 � � D � � �* ) � % �B ) �* � � � � � � 0� � � �* ) �

� � ) � ) � �* �E �� � � D & � 
 D �� �� �� ) �� + �)



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

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

� � �� � �� � �
� � �� � �� � �

	 	 		 	 		 	 	

 
 

 
 

 
 


K
+

� �� �
� �� �

� �� �
� �� �


 
 

 
 
� � �� � �

π, K+ +

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

� �� �
� �� �

L

Λ, Σp 0

K 0

Σ +

GPD

hard

hard

@ $ � � � ��� � ! �� 
 � � 1 � 
 D �� �� �� 2 '3 4 ��
� � � � �
�

�

� U v S U �L J H \ a \` x NK �Z ]` J x NK \K a

pf � � � � S � J ` x � ^ f a J ` x \ ^ [ I` \ x \K a [ s

� � v � v S � �L J H \ a \` x g \` J � [x ^ H H }^ f f \ [ [a J �  � � ! v � � � � !

ae ` J I 
e f ` J [ [ [\f a NJK ` ^a NJ [

h % N� \ [ } �` ^K |� I` a } ua ` N| x ^K " " t

@ !� � � � �* � � � 
* � �E � � 0* C) � 
* � +

@ � �� � & $ 
 � �* � D 0 ) � � � � �� � ) � 
*

@  D � 
 �* ) �� � �) � * + � & � + � . � � � � 
* �� 
 � 0 C) � 
*

� � � $ � � C) � 
* � � C� �* � �� +



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

�
�

0

0.05

0.1

0.15

10
-1

d
N

K
/d

N
D

IS

0.02 0.1 0.6

X

<Q
2 > 

G
eV

2

1

10

10
-1

x

xS
(x

)

0.02 0.1 0.6

CTEQ6L
Fit

x(u
–
(x)+d

–
(x))

0

0.2

0.4

10
-1

@ ! �� � . �* D C 0 ��E � !#" � ! $� � � 
� � 
 0� C � 
� � * � 
� � � ) � 
*


* � � � � � �� � � �' � 
 D �� �� � ) � 
*

@ & A $( A ! � � � �� � �� �
��

� ) � 	
 ��

� * 
* 
 � �� 0� � � ) �E � 
� � + �* 
 � � � �

C� � � � & � � �) � &
�� � ��

� * 0 CD � 
* �) � 0 C) 0� �

hl N` ^ ] \a N^K \a ^ H� q� q n� o " " n t

@ � � � � �� �� � D D � � � C �* � � � � � � 0� �

�� +* � * C �* ) * 
* 
� �� 
 � 
 D �� �� � ) � 
* +



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


0

0.2

0.4

0.01 0.1 0.5

x

A
K−
1 with ∆ ∆u − d− −

without

hM ` \ [ [H \` } G J \ | \ }L J H y^ | J � } m~ }

%L � m � � z � � r po q q q st

@ ! $ � �� � � � � * 
 E � D �* C � � �E 
� � 5

� 13 0� � 2 �� 
 � � 
� � � �

�  E 
 � � � . � 0 ��� � 
 � �* �* C �

@ ��� $
� � 
 �) � �* �� ) �E � ) 


� �� � �
�� �* !% 4 % !

� C 
 � � �� �� ) 
 $" � $$ � !" �

% [a Nx ^a \ � ^ [\� J K J Ia � ^a \� LM � [

^K � � � [� � � [e J IH� � \ ` \ ] \ ^a \� d Nae

f I` ` \K a ]^` ^ x \a ` Ng ^a NJK [� � � K J a Nx \�



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

�

0

0.05

0.1

0.15

0.2

0.25

0.1 0.2 0.3

2 
〈s

in
(φ

-φ
S
)〉

h
  U

T

K+

π+

0

0.05

0.1

0.15

0.2

0.25

0.2 0.3 0.4 0.5 0.6

0

0.05

0.1

0.15

0.2

0.25

0.2 0.4 0.6 0.8 1

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.1 0.2 0.3

2 
〈s

in
(φ

-φ
S
)〉

h
  U

T

K-

π-

x

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2 0.3 0.4 0.5 0.6
z

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2 0.4 0.6 0.8 1
Ph⊥ [GeV]

IIIHERMES PRELIMINARY 2002-2005
lepton beam asymmetry, Sivers amplitudes
8.1% scale uncertainty

h � %, � % u z � � M N\� \K ae ^ H \` } qr q �� o o � o t

@ & A $( A ! � ! �� �� D � ! �E �� �

� � & � � �) � & 
 � � �� E �� �* !"

� $ � � C) � 
* � � C � �* � ��

� � � � 
 � � � � C) 
� �� � ) � 
* � 
�� +

� % � & � �� � �� + � ! �E �� � � 0* C) � 
*

� 
� � � � � 0 ��� � � � � E �� & � * ) �� � �) �* +� 
� * 0 CD � 
* �) � 0 C) 0� �

� & 
� �� 
 0 ) ! $ +



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

@ AB D C 0 ��E � � �� 
 � 0 C) � 
* � � D � � � ) �* + C � � � 
�

) �� + �) � � � + � �* ) � ) � 
* �* 4 % !

� �� � C) 0� � � 0* C) � 
* � h �` \K a ^� I \ }� \K \ g N^K J "� 
M \ �H J ` N^K } u ^ [ [J a \a ^ H� }� � � t

� � 
� � �D � ) � 
* � � �) � � �* C 0� � �* ) % ) �� + �) � �) �

� � � � * �B � D 
� �� * � D � 5

@ & �� � �B CD 0 ��E � �� 
 C � � � � �� � ) � � � � 
* �* C � �B C � ) � ) � 
*

�� +� � #� � � !" � # � �� 
 � �

� � � �* �� ) � 
* � * � 0 C �� � & � �D D . � �* * �� � � 4 
 � �� � ) 
�

� � �� �* � 
� � � ) � 
* �� 
 0 ) � � � 
* �* C � �) � 0 C) 0� �



� � � � �	 �

@ AB CD 0 ��E �� � � �� ) 
 � � � C 0 � � * � �� � 
� %� �* �* ) � � � 
 � $% �&

C� �* * �D � & C � �* * �D � � � * 
 1 � 0 � � �� & 2 �) � ) � � �* )

@ ! �� � . �* CD 0 ��E �� � D � �� � �* �* ) �
�

�� 
 0 D � � � � �D � ) �E � D & � � � & ) 
 � 0 �* ) � � &



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

� U � $ ��� V � 	 V ��
 � V 
 � 	

�� � 

� $ � $ � U � 	 U 

� $ � $ 
� U 
 � 	 U ��� ���

� � 

� $ � $ � V � 	 U 

� $ � $ 
� V 
 � 	 U ��� ���

� b U � V $
�� � $ � V � V � 	

U 

� � � $ 
� V 
 � V 
 � 	

� b U �� V $
� $ � � V � 	 U $
� $ � 
 � V 
 � 	

� b� � U � � V � 	 U � 
 � V 
 � 	

� U � $ ��� � V � � 	 U ��� 
 � V � 
 � 	

�� � 

� $ � $ � � U � � 	 V 

� $ � $ � 
 � U � 
 � 	

� U � V $
�� � $ � � V � � V � � 	

V 

�� � $ � 
� V � 
 � V � 
 � 	

� U �� V $
� $ ��� � V � � 	 V 

� $ ��� 
 � V � 
 � 	

� � � U ��� � V � � 	 V ��� 
 � V � 
 � 	

h� ` J x M N\e H }� I 
H \` } ufe �^ � \` } m~ q � t

@( � � 
* � �D � C) � � � �*

�$  � ! # � � � � �


 $ $ � !

�
� � � � �
�

�

@ !� � � � � �E 
� � & � � �) � &

� � D � ) � � � � � ) � �* �� ) � 
* '3 4 �

) 
 1 0 � 0 � D 2 '3 4 � �* �� 
 ) 
*

! c "
� � ! "  # $ / 


� � !  "&%
� ! !/ �   / � � � "  #

� AB ) � � C) �* � 
� � � ) � 
* 
* �� 
 ) 
* '3 4 �

@ !� � � � � 
� � � � 
* � �E �� 0* C) � 
* � +


