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

�� �� �� � � �! " #$ %'&)( * � �+, , #$ +- #. � +/ 0 � �. �/ 1 & 0 *2 &)3 4- � 576 8 &)9 : : 8

; < => ?@ A BC DEF G@ H > I B@ E E@ E =J ?K LM E

NPO M Q = BR I >F S = RF I J T R > =J E G@ > E@ J D BC@ I J F U = VF J V

; W A BC DEF G@ U@ =E D >@ U@ J R E F J X Y Z X[ \F R] W^ O

?F _ > = BRF G@ ` R > =J E G@ > E@ V C D I J F U = VF J V a Zb c dfe c g hM iO j k

J I Jml ?F _ > = BRF G@ ` n D =>o E HF J prq = G I > E R > D BR D >@ s c c dut cwv v v

xy �  + �/ . *z 2 {  " #$ {}| z " � +- ~ �� + 4�� � #- � �� x, � ��� � 4- + x � � � � �

� � . �  " # $ �9 � �� #/ � # y �. �- �( * � &�� � � 0 #- �, #/ � &� x. �9 �76 � : & 9 : :�

� � � � . �� # 4 �- & �/ 4- � 4 #- #. � +/



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

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

� � � �� � � �� � � �� � � �� � � �� � � �
Q2

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

 
 
 

 
 
 

 
 
 

 
 
 

� � � �� � � �� � � �� � � �

t

GPD

hard

�� � � ��� � � � � �

�� � � � � � � 0 � �+/ 4- + � � x./

� �� � � � � #� �� ��
� � 1, �+/ �� � %

� 0 � �+/ 4- + � � x � � �/ � #- �- � # x. � +/

� � . � ��/ 1, � � � #- ~ { 1, �+/ �/ . #- 1 �.

� � � � y # x. +- � #. � +/ �� #- �! �+ y . %xy � �/ x, � ��� � � * �

� �� � � �/ �� �- � #, x� #- # x. �- � �. � x �

+ y/ � x, �+/ � 4- + x � � �6 �/ � � 4 �/ � �/ . %

�( � 4 �- �" �/ . #, x� #, , �/ 1 �#�" #, , x- + � � � � x. � +/ � #. � � 1� � $

% � x+ �, � �. � x. � +/

&(') *,+ -. . /0 /12 .) 34 56 0 789: ; /12 .) 34 <= 7 . .>? 9 /12 .) 3@ <A 2 8 ; -9B : >? 3 @ 5C > 3@ 5) ) ) D



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

� � � �

� � � �

� � � �

� � � �

� � � �

� � � �

� � �
� � �

� � �
� � �

� � �
� � �

"take
back"
"put

out"
� � � � � � � �

� � � � � � � �

� � � � � � � �

� � � � � � � �

t

xx − ξ + ξ

GPD

longitud.

tra
nsvers

e

x < 0.1 ~ 0.3x x ~ 0.8

pion
cloud

valence
quarks

� �/ � y � x+/ x � 4. � + y 4 #- . +/ � �/ �� . �#/ � �, # �. � x y + - " y # x. +-

� � � � x- � $ � x+- - �, #. � +/ + y

, +/ 1 � . � � �/ #, " + " �/ . �" #/ �

.- #/ �� �- � � 4+ �� . � +/ + y � � #- ~ � { 1, �+/ �

� 2- #/ �� �- � � � � #- ~ { 1, �+/ �" # 1 �/ 1+ y/ � x, �+/ �� . + " + 1- # 4� �� %

&6 - 0: 2 0 8 1 � � < ' > /B . �� D

� 0 + " �/ . � �	� 6 �/ . � 1- #, � %- �, #. � � . +

y �/ � #" �/ . #, �. #. � x 4- + 4 �- . � � �#

� 
 � � #- ~ #/ 1 �, #- " + " �/ . �" &C > 3 @ D

� " #. . � x �



� � � ��  � � �� � 
 �� �� �� �� � �

 0

 1

 2

 3

 4

 5

 0  0.2  0.4  0.6  0.8  1

H
 (

x 
=

 ξ
, t

) 
/ F

1 
(t

)

|t|  [GeV2]

x = 0.25
0.35
0.45

 0.5

 1

 0  0.5  1
0

 0.5

 1

 0  0.5  1
0

 0.5

 1

 0  0.5  1

b  [fm]

0

= 0.35x

x = 0.45

x

x = 0.25

&=� � 	
 � � /� D

�3 �" # �+ " 4- �� �/ ��� � " # 4 4 �/ 1 + y � � #- ~ �� � �

�/ � #, �/ x �- � 1 � +/ �� � � � � � �

� */ x+- 4+- #. � �� �� { y +- " y # x. +- � #. #

� � � � � # 0 � # � �- �" �/ . � + y

$ � #" { . #- 1 �. � 4 �/ # � �" " �.- � � �

#/ � # $ �+, �. � x- + � � � � x. � +/ �

�2 . . � @ � / � ' � = 	� 0 79 9 9 /� 1 > 7? 9

� 7? 9 >9 1 /? 1� > 1B 9 � 2 .>? �2 1 ��� � 
�� � � /� �

� 0 � �+/ 4- + � � x. � +/ # �- + � � � � x. � +/ - #. � + �

4- + � � � � # � � � . � +/ #, �/ y +- " #. � +/

# $ + �. � 4 �/ {�� #� +- � � 4 #- #. � +/

 � �. # �, �# �9 � � � � � % & � � � . � � # 4 �- !



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

��� � � � �  � ��

� � � �� - # x. �� �� x� #/ / �, �# � � �� �� 	�
� � � � � � � %

� �- + � � � � x. � +/ � 1- + � � � . � �/ �- 1 �� � - + $ � 1, �+/ #/ � ��/ 1, �. � � #- ~ �� � �� z � � � . + $ � �. � � � � � . + 1 �. � �- 

� 2- #/ �� �- � � 1, �+/

� " # 1 �/ 1 + y/ � x, �+/ �

� � z +/ � � � � - # x. �� �� x� #/ / �, �# �� �� �� 	��� � � �

� �- + � � � � x. � +/ � �" #, , & �+ / + . 1- + � � � . � �/ �- 1 �� � - + $ � � 4 �/ {�� #� +- { x� #- 1 �/ +/ � ��/ 1, �. �� � �� �+ " 4 #- � �+/ � $ �. � � �/ � �� �- �/ . x� #/ / �, �

� � 4 �/ {�� #� +- �.- � x. �- �

+ y/ � x, �+/ �



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

� �� �� �� �� �� �� �� �
� �� �

� �� �� �� �� �� �� �� �
� �� �

� � � � � � � � � � � � � �� � � � � � � � � � � � � �� � � � � � � � � � � � � �� � � � � � � � � � � � � �� � � � � � � � � � � � � �� � � � � � � � � � � � � �� � � � � � � � � � � � � �� � � � � � � � � � � � � �
J/ψ

φ
ρ

t

GPD

H

3

4

5

6

7

8

9

10

11

12

13

0 5 10 15 20 25 30 35 40

ρ ZEUS (prel.)
ρ ZEUS

φ ZEUS (prel.)
φ ZEUS
J/ψ ZEUS
J/ψ H1

ρ H1

Q2 (GeV2)

B
 (

G
eV

-2
)

ρ

J/ψ

&� /� ; <� 02 ? : � - 0 1 5 	 1 0 >: �2 ? 5 = 	 �
 D

� " � � � � y # x. +- � #. � +/ ! � � 4+, � 4 � x. �- �

�, �+/ �� � ! �+, +- � � 4+ , � " + " �/ .

� 0 � # � �- �" �/ . � + y � �� - # x. �� � x� #/ / �, �

� � �� � �� 	� � % � #� � x+/ �- " � �

# 4 4, � x # $ �, � . � + y � � � y # x. +- � #. � +/ #

� ( / �- 1 � � � 4 �/ � �/ x � x� #/ 1 � � � � . � � $

� �6 �, + 4 � � �/ �� �- � #, #. � � 1� � $

� � , #� +- - �, #. � +/ � �� 	

� 2- #/ �� �- � � 1, �+/ � x �� � + y/ � x, �+/

� � � � � � �/ . � #, �/ 4 �. y +- �" #, , 6 � 4� � �� x � 



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

0 20 40 60 80
0

5

10

15

20

2
 =  2.7 GeV

2
Q

)
2

 < 4 GeV
2

(2 < Q

 0.006± = 0.50 δ

HE setup

LE setup

GeVW 

nb
 p

) 
γ 

→
* 

p 
γ

 (σ

0 0.2 0.4 0.6 0.8 1

-210

-110

1

10

210

x = 0.0025

(0.001 < x < 0.005)

2
 =   2.6 GeV

2
Q -2

 0.06 GeV± B  =   6.70 
2

 = 10.6 GeV
2

Q -2
 0.19 GeV± B  =   5.80 

2GeV  t

2
nb

/G
eV

 p
) 

γ 
→

* 
p 

γ
/d

t (
σd

0 20 40 60 80
0

0.5

1

1.5

2

2.5

2
 = 10.4 GeV

2
Q

)
2

 < 15 GeV
2

(8 < Q

 0.03± = 0.80 δ

HE setup

LE setup

GeVW 

nb
 p

) 
γ 

→
* 

p 
γ

 (σ

0 0.2 0.4 0.6 0.8 1

-210

-110

1

10

210

x = 0.05

(0.03 < x < 0.08)

2
 =   2.7 GeV

2
Q

-2
 0.18 GeV± B  =   6.70 

2
 = 10.4 GeV

2
Q

-2
 0.66 GeV± B  =   5.80 

2GeV  t

2
nb

/G
eV

 p
) 

γ 
→

* 
p 

γ
/d

t (
σd

&(' � = 	� > 1B /A � �= � � �� � 5� �e � � �e 	�

� 

�) 	2 ? 82 � � 5 � � ' 	B > 1 / �2 � /0 �� � �� � D

�3 � " # 2- #/ �� �- � � 1, �+/ { ��/ 1, �. � � #- ~

� " # 1 �/ 1 + y / � x, �+/ + � �- � � � �- #/ 1 �

�  � � � � � �  � �

� % � � � �- �" �/ . �#

� � $ � � :6 9 : � � � $# � # x. +- � #. � +/

� � � � � � $6- #/ 1 �# " � # � �/ 1 {� � 1� �-

. � � �. & � � � �� +, �. � +/

� � � � � � 6- #/ 1 �# � 6 � � 4 �/ � �/ x � &

+ � �- , # 4 � � . � � � � � 6 . #- 1 �.

� " �" �/ + �� . � # � �� �- �/ . � #, " � # � �- � �

" �/ . � �/ �� � $� �

� � # �� $, � � � . � � � 1� 6, �" �/ + �� . � ( * � �

/ � � � . + � +- ~ + �. � �. # �, �



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

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

Q2

� � � � � � � �� � � � � � � �� � � � � � � �� � � � � � � �
� � � �� � � �� � � �� � � �
� � � �� � � �� � � �� � � � π, η, ρ

Κ, Κ 
L

GPD

N, 
Λ, Σ

+

*

hard

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

% 7  $8 &9;: � )8 & ( & )8 & ) / 1 $  ( -# � ' $ ) $ 2 1 < - ) ) &9'

=?> @A B C @ B D E  &' $ )F - . &2 )'

GIH @,J K LM NPO Q' 7   & /# 7 $2 3 0 -# 4 5 "6 ' N C R D RTS Q

= H @ =?> "� $ ) ( $ 9 & . ' U ) $ )WV ( $ 9 & � ) 5 "6

� XZY 6 2 -1 / $# �[ - /� $ )! \ & &8 ' ]_^ ` a b V c b 5 &d ^ Efe @,g ' & ( -# - /� $ )

� L� h )�i 1 - ) /9 7 '  - 9 9 &# 1 # $' ' ' &1 /� $ )' / < - ) 8 �j # -1 /� . & 1 < - ) ) & 9' N ` k @ k l l Q E

% 0 / 9 &' ' ' / - /� ' /� 1 ' ) & &8 &8 / < - ) 2 $# �  - h� ) h

� � 9' $ ( $' ' � % 9 &m n m = Rm n B 5 "6 ' ! \ &F � )2 $#  - /� $ ) $ )

1 <� # - 9 8 7 ) -  � 1 ' - )8 # &' $ ) - )1 & ' /# 01 / 0# &

o - ) 7 ( $' ' � % � 9 � /� &' p ) & &8 ' �  0 9 - /� $ )' 2 $# ' ( &1 �i 1 h $ - 9' q



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

σ ∼ A

σ ∼ A2/3

R
A

� �� �� �
� �

� �� �� �
� �

1 $ < &# & )1 &

9 & ) h / < � n ) 01 9 & -#

# -8 � 0'

� X Y 6 2 -1 / $# �[ - /� $ ) � Y $ 9 $# � # - )' ( -# & )1 7

� \ 01 9 &� $j &# 0 )� 3 0 & ( $' ' � % � 9 � /� &' 2 $#

	 � &' /� ) h # & -1 /� $ )  &1 < - )� '  

	 
� ( 9 $# � ) h 9 $ ) h� / 08 � ) - 9 8 � # &1 /� $ )

� M ' & 9 &. &# - h & � ) � R ]^ (# $ . � 8 &8 % 7 1 $ 9 9 � 8 &#

� 6 & / &1 / $# *�� # & 3 0� # &  & ) /' !

� $# F -# 8 8 & / &1 / $# ' 2 $# ) 01 9 & -# 2 # - h  & ) /'

M )� 3 0 & $ ( /� $ ) 2 $# 
  Y p ) & &8 ' 2 0# / < &# ' / 08 7 q



� �� � � � �

� � <� h <: 9 0  � ) $' � / 7 
  Y $j &# ' 0 )� 3 0 & $ ( ( $# / 0 )� /� &'

2 $# ' / 08 7� ) h ) 01 9 & $ ) ' /# 01 / 0# & - )8 '  - 9 9: � 8 7 ) -  � 1 '

/ <# $ 0 h < < -# 8 &� 1 9 0' � . & (# $ 1 &' ' &' - )8 5 "6 ' !

	 6 �j # -1 /� . & 1 < - ) ) &9' ! � # - )' . &# ' & h 9 0 $ ) * 3 0 -# 4 �  - h� ) h

U U U 1 &# / -� ) 9 7 2 & -' � % 9 & p ) & &8 / $ F $# 4 $ 0 / 8 & / -� 9'

	 \ $ ) V 8 �j # -1 /� . & 1 < - ) ) &9' ! L (� ) *,+ -. $# ' /# 01 / 0# & $2 ) 01 9 & $ )

U U U  - ) 7 ( $' ' � % � 9 � /� &' p ) & &8 ' �  0 9 - /� $ )' 2 $# ' ( &1 �i 1 h $ - 9'

	 \ 01 9 & -# / -# h & /' ! Y $ 9 $# /# - )' ( -# & )1 7 U U U 0 )� 3 0 & E ) & &8 ' 2 0# / < &# ' / 08 7

��� �� h (� 1 / 0# &!�� 5 "6 ' * < -# 8 &� 1 9 0' � . & (# $ 1 &' ' &' &' ' & ) /� - 9 1 $  ( $ ) & ) /

$2 '  - 9 9;: � ( < 7' � 1 ' � n ' - / 0# - /� $ ) E 8 �j # -1 /� $ ) � ) 	 	 E U U U


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

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


