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The world data on F �
��QED
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The dependence of F �
�

on P � andm�

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

OPAL

Q2 = 3.0 GeV2

(a)

x

F
2γ ,Q

E
D

 / 
α

P2 =    0 GeV2

P2 = 0.05 GeV2

P2 = 0.10 GeV2

mμ = 0.106 GeV

OPAL

Q2 = 3.0 GeV2

(b)

x

F
2γ ,Q

E
D

 / 
α

mμ = 0.056 GeV

mμ = 0.096, 0.113, 0.127 GeV

mμ = 0.156 GeV

P2 = 0.05 GeV2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

The P � dependence is clearly observed in the data.
The muon mass can be determined to about�15�.



Azimuthal Correlations
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The improvement of the

leading log approximation
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seizable corrections at low values of Q�

R. Nisius, M.H. Seymour, Phys.Lett. B452 (1999), 409-413



The structure functions

F �
A and F �

B
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First measurement that goes further than
measuring the differential cross-section.
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The cross-section for double tags
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QED agrees well with the data and the
presence of the interference terms is clearly

seen for the first time.



The contributions to F �
� �x�Q
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The description of the

hadronic final state
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There are significant differences between the data and
the Monte Carlo predictions (OPAL ’96)



The hadronic energy flow
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The world data on F �
�
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The x dependence of

F �
� (GRV) and F �

� (asy)
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Measurements of theQ� evolution

of F �
� for nf � �
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F �
� for virtual photons
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F �
� as a function of P �
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The x dependence of

F �
� (P �)(GRS) and F �

� (P �)(pl)
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The Measurement of F �
e�
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d��dx for two virtual photons
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TL, and the interference terms, �TL and �TT can be

important.
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Conclusions

1. QED is in good shape and sucessfully describes:

(a) F �
��QED in the large kinematical range of


	� � Q� � ��� GeV� including the effect of

the small virtuality of the quasi-real photon P�.

(b) The structure functions F�
A and F �

B .

(c) The differential cross section d

dx for


	� � P �� Q� � ��� 	� GeV�.

2. The hadronic structure is a field of active research:

(a) Accurately describing the hadronic final state is

non-trivial.

(b) The logarithmic rise of F�
� is clearly seen.

(c) The low-x behaviour of F�
� is intensively

studied.

(d) The information on the structure of virtual

photons is still very limited.

Let us enjoy a session with interesting new
results and developments.

Slides: http://home.cern.ch/�nisius


