
Two-Photon Physics at

Richard Nisius, CERN
DPG München, Gruppenvortrag 20.03.97

For the LEP Collaborations

1. Photon-Photon scattering

� Exclusive hadronic final states

� Inclusive hadronic final states

2. Electron-Photon DIS

� Lepton pairs and F
�
��QED

� The structure function F
�
� �x�Q
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Photon–photon scattering
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D�������� production at LEP1
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Leading order diagrams
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The x� distribution for 2–jet events

at
p
see = 131 GeV

x� is the fraction of the photon momentum

participating in the hard interaction
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Direct events : x� � � no remnant jet

Resolved events : x� � � remnant jets possible



The inclusive jet cross-sections
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Electron-Photon Scattering
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The production of lepton pairs
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Some check distributions
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The world data on F �
��QED

compared to QED
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Azimuthal Correlations
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The measurement of F �
B /F �
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Results on �- pairs in tagged events
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The contributions to F �
� �x�Q
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The phase space at
p
see �MZ�
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TheW –Wvis correlation
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The energy flow for
p
see �MZ�
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OPAL results on F �
� �x�Q

��

at
p
see �MZ�
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The DELPHI approach to F �
�

DELPHI preliminary

0

1

2

3

4

5

6

2 4 6 8 10 12

a
χ2

FKP/ndf=1.4

χ2
QPM/ndf=2.1

Ntrk

σ 
pb

/b
in

0

0.5

1

1.5

2

2.5

3

3.5

4

5 10 15 20

b
χ2

FKP/ndf=0.8

χ2
QPM/ndf=1.0

 W (GeV) 
σ 

pb
/b

in

0

0.5

1

1.5

2

2.5

3

3.5

10 20 30

c
χ2

FKP/ndf=1.4

χ2
QPM/ndf=1.5

Q2 (GeV2)

σ 
pb

/b
in

0

0.5

1

1.5

2

2.5

0 0.2 0.4 0.6 0.8

d
χ2

FKP/ndf=0.8

χ2
QPM/ndf=1.2

x 

σ 
pb

/b
in

dots DELPHI data
solid QPM + GVDM + RPC
dottet FKP + GVDM + RPC

upper dash GVDM + QPM
lower dash GVDM

hatched background



Results on F �
� (’pointlike’)
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Conclusions

Two-Photon physics is a very active field at LEP with

good prospects for LEP2


 Photon-Photon scattering

1. A number of resonances have been measured.

2. The flow of hadronic energy has been

compared to Monte Carlo models.

3. NLO calculations of jet production agree nicely

with the data.


 Electron-Photon DIS

1. There is in good agreement with QED

predictions and the measured F�
��QED

structure function and the ratio F�
B /F �

� .

2. The F �
� structure function was measured for

7.5 �hQ�i� 135 GeV�. The systematic

errors have a large contribution from the

imperfect description of the hadronic final

state by the QCD inspired Monte Carlo models.

and � � �



Outlook

What can we expect from LEP on Two-Photon

physics in the future


 Photon-Photon scattering

1. More resonances (see list).

2. Jet production for the direct component alone.

3. Determination of the gluon content of the

photon in jet production.

4. � � �


 Electron-Photon DIS

1. P � dependence of F�
��QED.

2. Azimuthal correlations in hadronic final states.

3. F �
� for 20 �Q�� 1000 GeV�.

4. Double tag events.

5. � � �

The LEP2 programme has just started

http://wwwcn1.cern.ch/
nisius/talks/MUNC200397/index.html


