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

������ �� �	���� 
	�� �
������ �����e e− +��� ���� ����	 �� GeV���� !�"#� $KNO 

�%&� ��'()�* �%+ ,���-. /��� ,��0') �1�"%+$�(2� 3������ 4"5	��	 

������ �	
��
 ���������� ���� �����
 ������� 
���������� � ! :zomorrod@ferdowsi.um.ac.ir 

)�%�&'�(� )��:�*/!�/#,-.��/0 &1�0 )����%:�/!!/#2(

6�"7�
#��$�� %� %��%�$ &�%' ������() *��+� ,
�%�e e− +�� %��- ��%�$ �%�� .������ #����� /� ���0��� �$ �% 1�2�.��$4
/�5 ���$� %�6(� ,
� #�78�� #9��� %� %��%�$ &�%' ������() 

��:GeV;<=;>?��+� � ,���! 4
/�5 �$ �% KNO �� @/��$ 1�2� .*$ A
��� BC� 4
/�5 �$ �% ���D ��� ,�
�! #��
9��� %� %��%�$ &�%' ������() �7� * 
�+� �5 1�7(8 .A
�7��
*$ ?��+� �$ #9��� ��� � ,
� %� ���D ��� KNO �� .��� ��E /� �% #���$ #%��/�� �2� .���� ������() ,������ .D /� B!*$ F�
 #�2 *7$ #�7�(������ ���G2 /� ��7�D �7��
���� #9��� �5 H��I� #�2GeVJ*K���� �$�L5 M�� ����
 M�� *� �$ �% #�2PP*$ M�� ���N�E� &�O��P� /� ���D ���QCD�� @/��$ 1�2� .*7$ Q
��7R �7�� /� ��7�D

S/��$ ,
��%�� �+$�T� ��(�
�! #��
9��� /� UV�W A
��� �$ ��.

7�	$ ��5���"%:#��$��e e− +?��+� �������() �KNO���
 M�� �

9.;��#� 
4%�5 6� .7�8 �8�'9  :��8� ���8;�<�� =�� 0��%�� �8�
�� �% �8/

 ����7'� %�9>�� ?��@A)5� �����69� .5��� �% %�98>�� =�� .

���/� 6� .7� C�� 
D�� 4�E�5% 8F'�G� :�/��� =�?��H9I8> 

0��%�� .� 4�� ��'9  :�/ ���� .� 4�@ �����69� � ����7'� �9J

%�� K��8L  M'�8> :N�0� &� %�9>�� 6� �F� �;��� �E��7� 4�@

.� OP��8D 698;� &8D &8	Q�� �8� �% 4�8� %�6< :N�80� � �09�

 &� �)��0 4�� &�>�;� �.� K��L  ���%� %9� .�&8	Q�� =8�� &8�

 .0��%�� .� ��� �;�9R ..0��%�� %��% .0����� ?��H9I> ���

 .8� �8S0 �% �< :��� �� .T	�1� :�/'�� ��80��R .=8�� 6� .87�

 %�98>�� 6� �8F� 4�� ��'9  ?��@ .E0�R�;J �U/� ?��H9I>

)5� ��>� :�/'�5 �% &D)85� &8���R ���8V :%��6 &�9  %�9� 

]"�W[.)85� ��9�85� .09R�809R :�/'�� :�;L� �� &F'�G� =��.

:�/'�8� :�8;L� �8� .E0�R�;J X�69  &F'�G� &'�(� =�� 6� Y��

 4���� � .��
  �:�S0 Z	�1� )5� .5�;� .4%�% =�� [6��� �8�

  Z	�1� :�/'�� ��O\.� �/'�� =�� )]H �� :��� �8���.4%�% �8�

 6�5 ��7�< 6�AMY 4�;�% ^��� 6� TRISTAN &8�/  =��N �% 

4�� ���8�7'� %�9>�� 6� &D �)5�A
8D�� :N�80� �% �����698�

C��GeV_2A_W&�4��< )5%�0� .=8�� K8�	]  &8� &'�(� =�� �%

4%�% .� �� U��� .E0�R�;J X�69  � U�6�%�� X8�69  �8� �� �/`8;D

 a��(� � =5�9�KNO .� [6��� U��% .�� X�69  =�� �< 6� b�

 �9R�09R :�/'�� ��.� &���(�U�;D.

<.��)��6=> AMY 
6�5��7�<AMY)K7�!(^�8�%� 6�85��7�< �8� �� K��`� �

�8� K8>�% �% &8D )5� :��LR� �E����� �� � ��%��� ?��@

U�5 ����� ?�� �� .��c�;d� e��"&���% ���V P�  &f9�
� �

)5� 4�� �9I]� :%g9� U�1h ?�FGV �� .=8�� �5 )`� �% 



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

+,�-.�<6�5��7AMY.+,�(.C�� 
D�� :N�0� i�Q �� ��%��� ?��@ .E0�R�;J =�E0��� .

+,�/.?����d  ��%9�0 nch
D

C�� 
D�� :N�0� i�Q �� .

88�g�%��% ���88V �988�� 6�885��7�< 4�E�885% �:%g988� U�188h .

�� �� K��`� ��%��� ?��@ 6�5��7�< ���< �&0�9�5� �� :�W&8�g 

&'9' 6�.LGV :��cos /θ <0 87.� ��7�< �09�.

6� j��88> � .f�F88� ?�988H &88�CDCk:�'�88D �88� �88��

 :�6��% &88� .�88�c�;d����7'�!_%��% %988�� .`88��  l988c 

)�� :��LR� 4�0����SHC(m�9 9� 6�5��7�< �� ��9;f &� &D �

.� K�f �;D.

885��7�<6��&88���6 &88�Q�0 �88� :�cos /θ <0 73OP��88D �� 

.� �0��9� .�% ��%��� ?��@ &0�7  �i� �  =�� &�CDC :N�80� �

�% .n;> ?��@SHC 46��0� .8� :�8�R �098� .���8�6< =8�� �%

____________________________________________ 
!.:
o�� �0�� pV� � )Centeral drift chamber(

�.:��LR� 4�0���� )Shower counter(

�8� :���8� C�� 
D�� :N�0� =�E0���GeV_W K8D .R�8;��  �q

�� :����!APb!,*.�����.r�8� :��8� 6�85��7�< 6� ��	��8D

AMY X��� ]![��;�L� �� .

.

?.�6��"@ A��B� 
?.C.�	���� 
	�� �
������ 

K7��Z8	�1� :�/�N�0� �% �� ��%��� ?��@ .E0�R�;J =�E0��� 

.� ��`0��% .&� &
��0 4%�% 6� 4�8�< )85% :�8�AMY &8� 
8�0 

)5� 4�� 4%�
�� K7� ..� 4���`� % &D U�;D �8��G> 4%��]� �

=�� ��(� �� ���(� 4%�% %��% :��R6�5 �� .:N�80� ���
8�� �� .;F�

�;J =�E0��� ���(�.� ���
�� .E0�R����.

s0�� � 9J]�[.E0�R�;J �< tLc �� &D �0%�% &u��� �� .'�� 

���� &09R �95�9� ����� �� :���% ���� ?��@.

K7� "X�69  chn
D

Z	�1� :�/�N�0� �% �� .� ��`0 �8�% .

D?��Lf �6� )5:

)!(( ) ,D = - nn

1
22 2

8�69  &8� =�J w> .;];� x98��� ?��@ C�8�  :��8� =85�9� X

.� %9� .���� ���
8�� X8�69  =8�� )85���� K78� 6� &D &09R

 .� &u��� C�� 
D�� :N�0� ���
�� &� )L�0 �� .D�0���% .&
��0

&� 4%�% 6� 4��< )5% :��AMY �G� 
�0 �0�� =5�9� X�69  �� t� 

____________________________________________ 
". Integrated luminosity  



()0 �#�'
� 	# 	&#	
' 1&	2 �3�
4�56 7"$��e e− +8�� 9:�� �;��& 	# GeV0<=0*�...  ������ �	
�� 
(

+,�*.�;J X�69  [6��� =5�9� X�69  �� ��%��� ?��@ .E0�R.+,�0.4%�% X�69  [6��� &
��0 :��AMY a��(� �� KNO.

.� .c �� ./��`� &8� y��8�0 �� ���G> �%��]� �% � ��;D )85%

4%�% 6� 4��< %��% )(��G� ��;���� :��.

@ .E0�R�;J X�69  4%�% :��� ��%��� ?��:��AMY [6��8�

.� ��`0 %9> 6� =5�9� X�69  �� �� .�9>��% )K7�W.(

?.<.!�"#� KNO ]?$ [
l�85 �% =�8F� :�/�N�0� �% �/�E0�R�;J X�69  :��� a��(� ��

!�2� =�'�� � =�	�0 ���9D w59  )KNO(k]_[&8D ��8� &u��� 

=�;��� a��(� 6�m],[)5� 4�� a�L�V� .�?��Lf �6� )5:

)�(,( )n p n n
n

 
Ψ =  
 

 

( )p n)885� ��%��8� ?��@ .E0�R�88;J l�8��Q� .=88�� t88Lc �8�

 ?��@ .E0�R�;J =�E0��� ^�h KH�Q a��(�nl���Q� �%

( )p n:���n�@ ���%��� �:N�80� 6� K(��8� )85� .?��8Lf &8�

a��(� 6� ?��@ .E0�R�;J X�69  4�R�� �E�% KNO �;D )�FL 

X��  ?�9H =�� �%n
n

 
  
 

Ψ%9� ���9> : N�0� 6� K(��� .

K7� _X�69  n
n

i�Q �� �� ( )p n n4%�% :��8� :�8�

AMY .� ��`0 ��% .�8� z98� K78� &8� y��8�0 6� 4�8�< )85%

____________________________________________ 
!. Koba, Nielsen, Olesen 

�. Feynman scaling 

4%�% %��% .0�91�� �E�% :��]2A!![.X��8  �8� �� z98� .8;];�

 a��(�KNO .� Z��F  ��6 ?�9H &� l9�F� �9c &� &D �%9�

.� [6���U��% .

)"(( ) ( )
,

kk k kzz z e
k

− −Ψ =
Γ

1

nz
n

=�( )kΓ� ���R X��  k������� KNO)5� .
��0�[6��� 

K7� �% .;];� w59  _)5� 4�� 4%�% ��`0 .:��� &D :���(�

k&� [6��� t��c 6� .8� )85% :�6� &8� �8�</
NDF

χ
=

2
0 799

?��88Lf�6� )885:/ /k = ±14 62 2 98)DFN?�88��% %��88F  

:%�6<)5� .(%��]� �% z9� ���(��y��8�0 �8� �S0 %�9� :�G>

&� 4%�% 6� 4��< )5% Z8	�1� :��]2A�[)85� ��R6�85 .&8
��0

.� ���R �% &D U���R�C�8� 
8D�� :N�0� GeV_2A_Wa�8�(� 

KNO)5� ���V�� .

?.?.�0D�� �� E�	�� 
K7�,K7� �� &���(� �% ��� ��%��8� ?��@ .E0�R�;J =�E0��� 

���R �%�.8� ��`80 :N�80� 6� :��`�� �8�% .y��8�0 �8E�% ��8�

4%�% :��AMY 8�(� �� .�9> :��R6�5 �4%�% ��`80 %98> 6� �8�

.���% .

.8� [6��8� �9R�09R l�� &5 �� �� z9� K7� �9;D� �U�8�% 



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

+,�>.�� ?��T�� :�/�N�0� �% ��%��� ?��@ .E0�R�;J =�E0��� 

4%�% 6� 4%�T�5� :��AMY�]#A!��!#[.+,�<.4%�% [6��� .��� l�� �� ��.

8	Q�� �% �� ��%��8� ?��@ .E0�R�8;J ?��H9I8> �/'�� =���

.0��%��.� Z�H9  g�� :�/�N�0� �% ����;;D]!�[.

!A�f�V 6� &D l9��� ���.� )�FL  .���0 :�{� w59  � �;D

��� 6��.� .;��?��Lf %9��6� )5 ]!"[:

)W(,bn asch =

a�b� i��h s)5� C�� 
D�� :N�0� ��|
� .

l�5 �%!�_* .��� ��8� :��8�< :�/n]� 6� 4%�T�5� �� .8;��

 �88�'9  ��%��88� ?��@ .E0�R�88;J =�E0�88�� &88D %�88D �% 4�88� 

C�8� 
8D�� :N�80� ���
8�� �� g�� :N�0� �� :��%�9>��)s(

&� ?�9Hs
1
4∝nch.� ���
�� ���� .=8�� :�;L� �� =�����;�

l��b = 1
4

)5� ]�*[.

K7� 4�R ��,&8D :���8(� �U�8�% [6��8� .��� l�� �� �� 

:���b&� .� )5% �� )5� ����� ��< :/ /b = ±0 238 0 009�� &D �

)5� ���7� .��� l�� �% %9�9� ���(� )K7�2.(

�A.8'P�>� ?�L85�]� 6� �8�>� :�/'�� �nD�QCD l98]  �8� 

.�����E' i��(  �� �%� �/09 ��� �8�6 ?�98H &8� &D U/�

���.� .;��&� %9� 4��< )5%�0�]!WA!,[.

)_(exp{ [ln( / )] },n a b c s Qch = +

1
2 2
0

Q20X88GV ������88� �88�Λk�% QCD%��% x�88L �� ]�!A�"[=88��

____________________________________________ 
!. Cutoff 

�� l9]  l9��� &� �� �/ &>�8� �8;�<�� �� ?�9H �8� ��8� :�

��
�� .� &��9  X��5 .���0 ��;D .�
��0 l�8� =8�� �8� [6��8� 

K7� �;0���2.�����)Q =2 10(&� ��%�(� �:��8� 4�8�< )5%

f i���h6� �; ��L :

/ / ,
/ / ,
/ / ,

/ .

a
b
c

NDF

χ

= ±
= ±
= ±

=

2 60 0 08
0 085 0 01
1 80 0 04
2

0 91

 

&� i���h �� i���h =�� t��8G  ��;���8� :�/�N�0� �% 4��< )5%

%��%]�W[.

"A)�(�9� �9c &� &D .��
  l9��� �� 4%�% K�	]  6� :
��< �8�

U��� �% �;Dpp?��Lf �)5� 4�� &u��� �6� )5 ]!2[.

),(ln lnn a b s c sch = + + 2

%�% [6��� ��4.� )5% &� ��6 i���h z9� l9��� �� ���;�<:

/ / ,
/ / ,

/ / , /

a
b

c
NDF

χ

= ±
= − ±

= ± =

3 560 0 0713
0 448 0 0272

2
0 265 0 00226 1 24

6� K8H�Q i���8h �8� .�98> t8��9  �% i���8h =�� �E�% ���

 .� ��;���� :�/�N�0�����]�W[.&� .;];� &��`8� 
8�0 4�8�< )85%

K7�2)5� .&� y���0 =�����;� �8� %�98� &85 �8� �% 4�8�< )5%

�/�N�0� 6� KH�Q y���0%��% :��R6�5 ��;���� :]�_[.



()< �#�'
� 	# 	&#	
' 1&	2 �3�
4�56 7"$��e e− +8�� 9:�� �;��& 	# GeV0<=0*�...  ������ �	
�� 
(

 .;F"B� ��"� 
6�885��7�< :��%��88��� &88'�(� =88�� �%AMY^��88� �% 4�88;�%

TRISTANC�88� 
88D�� :N�880� 4���88R �% �GeV_2A_W%�988� 

)5� &���R ���V &F'�G� .�;J X�69  �����.E0�R � =5�9� l�� �� 

a��(�KNO )85� 4�� 4%�% [6��� .4%�% %�98� �% �8� �% �8�

6��� .� ��`0 %9> 6� �� .�9> [�;�% .&8� ��%�8(� 4�8�< )85%

 :�88�������� :��88�KNO �88E�% :�88/�N�0� �% ��%�88(� ���885 �88� 

�0��R6�5 ..� &
��0 a��(� U���RKNO �% �%���80 a�8�(� �� 

)5� :N�0� �� .:��8� ��%��8� ?��@ .E0�R�8;J =�E0��� b}5

4%�% :��AMY &� �4%�% 4���� 4��R :�� 8  Z8	�1� :�� :N�80� �

GeV�*, 4�� 4%�% [6��� l�� &5 :��� ��0� .�; ��Lf �/'�� =��

6� :4%�% l�� �.��� l�� .��
  :��PP&� l�� �6� 4�8�< )5%

 .'P�>� ?�L5�]�QCD .&� i���h &85 �� �% 4��< )5% l�8�

 8�6��� &�(� 6� KH�Q i���h �� 6� :��7J98D 4���8R�% &8D �/

4�� C�
0� :N�0��% )(��G� �)5��0� 

��	�� 
1. Y K Li et al., Phys. Rev. D 41(1990) 2675; K B Lee, 

H Sagawa, Y S Chung et al., Phys. Lett. B313(1993) 
496. 

2. T T Chou,and C N Yang, Int. J. Mod. Phys. A 2
(1987) 1727; Phys. Lett. B 167 (1986) 453. 

3. ZEUS Collaboration, S Chekanov etal., JHEP, 806 
(2008) 061. 

4. J Dias de Deus et al., Phys. Lett. B 601 (2004) 125-131; 
A K Chaudhuri, arxiv: 0803. 0643, to be published in 
Physics Letters B . 

5. Z Koba, H B Nielsen, and P Olesen, Nucl. Phys. B40 
(1972) 317. 

6. R P Feynman, Phys. Rev. Lett. 23 (1969) 1415. 
7. PLUTO-collaboration, C. Berger et al., Paper in 

perparation. 
8. LENA-collaboration, B Niczyporuk, Z. Phys. C9

(1981) 1. 
9. TASSO-collaboration, M Althoff et al., Z. Phys. C22 

(1984) 307. 
10. N V Radchenko arXiv:0706.3453vl [hep-ph] 23 Jun 

(2007). 
11. V A Abramovsky, N V Radchenko arXiv: 0706. 

3358vl [hep-ph] 22 Jun 2007. 
12. COMB-Collaboration, Phys. Rev. D 26(1982)969-990. 
13. H Satz, in current induced reactions, edited by J G 

Korner, G Kramer, and D Schildknecht, (lecture 
notes in physics), 49, springer verlag (1975) 56. 

14. A Muller, Phys. Lett. B 104 (1981) 161; Nucl Phys.
B 213 (1983) 85. 

15. W Furmanski, R Petronzio and S Pokoski, Nucl.
Phys. B155 (1979) 253. 

16. A Mueller, Phys. Lett. B 104 (1981) 191; Nucl. Phys. 
B213 (1983) 85. 

17. W Thome et al., Nucl. Phys. B 129 (1977) 365.  
18. http://durpdg.dur.ac.uk/hepdata/reac.html. 
19. W Heisenberg, Z. Phys. 113 (1939) 61; Nature., 164 

(1949) 65. 
20. E Fermi, Prog. Theor. Phys. 5 (1950) 570. 
21. W Furmanski, R Petronzio, and S Pokoski, Nucl. 

Phys. B155 (1979) 253. 
22. A Bassetto, M Ciafaloni, and G Marchesini, Phys. 

Lett. B 83 (1978) 207. 
23. A Mueller, Phys. Lett. B 104 (1981) 161; Nucl. Phys.

B213 (1983) 85. 
24. TASSO-collaboration, M Althoff et al., Z. Phys C22 

(1984) 307; W Braunschweig et al., ibid. 45 (1989) 
193. 

�_.��8��� �.	`80 �9}�85�V .	f 8��0�4��8R ��8��� .85�;���D 

���
���7`0�%��/`� .5�%�� 4�E`0�% �C9	f)!"#,.(


