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[1] Introduction

Neutral Vector Mesons� � � �����	� ��
�� 5�6 8 �� ������� �
� the same quantum numbers as photon ( ����� � ����� )� bound states of ����

�
 

!
"Exclusive Production of Neutral Vector Meson (VM)

in #%$ scatterings

&(' ) & * '
Q2

W

e

t

γ∗

s V

pp

e

σ γ∗p Q2
W( , )pV

tot

Kinematical Variables to be Measured+
: Center-of-mass energy of the ,.-0/ system1�2
: 3 4-momentum transfer 4 2 at the electron5
: 3 4-momentum transfer 4 2 at the proton
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�� ��Two Theoretical Approaches

(1) VDM + Regge (Hadron Physics)

γ*

PI

p

V

p

= V

VDM Regge � �����
	����	����� � 1 2���� � ������ � � "! �
� � � � 	����	����� � + � � + #�$ 2 2

(Soft Pomeron exchange)

——————————————————————
(2) pQCD + Gluon density + VM state

(Parton Dynamics)
γ∗

Vector
Meson

pp Gluon
Density

Matrix
Elements=

% Two-gluon Exchange
in a color singlet state% QCD Factorization&

Need Hard Scale

Leading Order (LO) Feynman Diagrams'
(

)
*

γ* γ*

In LO: � � � 	���+	����� � , �-/. 0 � �-2143 2 � 5 2 ( 0 : gluon density function)6"7 High Sensitivity to Gluon Density in the Proton
at low- - 3 �- � 8:9<;>=?9@ ;BA � AC 9 D� �FE ��G 6 �FE � 2 46H7 Steep

+
-dependence: � � � 	���+	����� � + � � + #I$KJ�L�MN$O#
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�� ��Exclusive VM Photoproduction ( � � � )
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�� ��Exclusive � � Electroproduction at HERA

� ,�� / 7 � /5��%5 � � 	�
 � E� � � � � 1��� �
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�� � �This Measurement

Exclusive Electroproduction of
5�6 8

mesons3 Extension of ����� Photoproduction (
1 2 � E ) 6"7 1 2�� � 28 ��� 4

e p eJ ψ p/
Detected with Calorimeter

e e µ µ,+    − +     −

using 90.3 pb 6 � of the ZEUS data taken in 1996-2000
(Cf. 6.6 pb 	�
 of the previous ZEUS result and

27.3 pb 	�
 of the H1 result)

Qualitative �� Quantitative Tests of
pQCD-based Predictions

– � � � 	 � ) * , 	� � � � + � 1 2 # � � + ��� 8 9� � , � � 1 2 # ��� ?
–
1�2

-dependence of � � � 	�� ) * , 	����� � 1�2 � + # �
� Clean and simple final state� The ����� state is calculable

with a small uncertainty (Cf. � E )

Unique Testing Ground of pQCD
with a clean signal of the leptonic final state
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[2] Event Selection
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Decay tracks
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7 / 13�� ��The final data sample : 1649 events

(a) 615 evts of the medium- � # � # 6
(b) 776 evts of the medium- � �

�
� 6

(c) 258 evts of the high- � # � # 6
TWO track sample
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[3] Results
�

�

�
�-dependence: �
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has been measured.

� First result from the ZEUS data

� Significant improvement compared
with the H1 result

� Steeper (harder) than
Soft Pomeron exchange

� Consistent with the PhP-slope,
and show no strong increase.

� Slower rise (softer) than

pQCD-based models

with any parameter and any option
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�
���� -dependence
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� First Result on the �	� -slope
from the ZEUS data

� This result is well-fitted
with 1/( �	� + 
 � � � )� .

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

� Significantly steeper than VDM
prediction ( %& � )

� FKS and MRT describe this slope well.

� '
FKS normalization : 60 % (

MRT normalization : 20 % (

D�EG
F/H

(Z
E

U
S

-J
ap

an
)

IJ
K
L
M
N

20
01
O3
P3

0
Q



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

11 / 13

�
�

�
�SU(4) Ratios

SU(4) symmetry
�� ��� =

M� 2 � ��	� �� � 6 ��	
 �
 � ! ���� � =
M� 2 � ��	� �� � � ��
 �
 � !���� � =

���� �� � �� � ��� � =
��	� �� �

e

e

p p

γ*

V
q

q

Cross-section Ratios� : � : 
 : ��� � � 9 : 1 : 2 : 8
are expected to hold when 
 � � � �� .
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[4] Summary and Conclusions

5 With a high statistic, total cross sections for exclu-
sive

� � �
electroproduction have been measured.

5 Quantitative Tests of the pQCD-based predictions
show

– 6 7 -dependence is well-described,
� OK.

– 8 -dependence is less steeper.
� Better theoretical understanding

is required in low- 9 diffraction physics.
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