
Two-Photon Physics at

Richard Nisius, CERN
Aachen, 28 Januar 1997

1. Photon-Photon scattering

� Exclusive hadronic final states

� Inclusive hadronic final states

2. Electron-Photon DIS

� Lepton pairs and F 

2;QED

� The structure function F
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Photon–photon scattering
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Exchange of two quasi-real photons ()
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Leading order diagrams
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Monte Carlo models

PYTHIA 5.721 and PHOJET 1.05

Monte Carlo ingredients:

1. Leading order (LO) QCD matrix elements

2. Hard and soft processes

3. Total cross sections from Regge models

4. Initial state parton radiation

5. Fragmentation based on by JETSET 7.408

6. Multiple interactions

NLO calculations

� NLO calculations for inclusive jet cross sections

by T. Kleinwort and G. Kramer,

DESY-96-035 (1996), hep-ph/9509321 and

Phys. Lett. B370 (1996) 141, hep-ph/9602418.
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distribution for 2–jet events
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The separation of event classes
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A direct two-jet event
 Run : even t  6839 :  71842   Da t e  951109  T ime  135804                                  
 Ebeam 65 . 129  Ev i s   23 . 2  Emi ss  107 . 0  Vt x  (    - . 03 ,     . 08 ,    - . 59 )               
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The inclusive jet cross-sections
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The inclusive 2-jet cross-sections
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Electron-Photon Scattering
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The production of lepton pairs
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The world data on F 

2;QED

compared to QED
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The structure function for P 2

> 0

LEP (E B
 = 86.0 G

eV
)

LEP (EB
 = 45.6 GeV)

PETRA (EB = 17.3 GeV)

Ee/Eb

P
2  [G

eV
]2

Anti-Tagging for θantitag = 0.026 rad

0

1

2

3

4

5

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

x

F
γ 2 (

x,
Q

2 ) 
/ α

OPAL

Q2 = 8 GeV2

P2 = 0. 0.01 0.1 GeV2

(upper to lower)

0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

�

antitag

= 0.026 rad

P

2 (0.25E
b

) = 1.25 GeV2

P

2 (0.25E
b

) = 0.35 GeV2

P

2 (0.23E
b

) = 0.05 GeV2

F



2;QED

(x;Q

2

; P

2

)=� �

x

�

h

1� 2x(1� x) ln

W

2

m

2

�

+x(1�x)P

2

�1 + 8x(1� x)�

x(1�x)P

2

m

2

�

+x(1�x)P

2

i



The contribution of F 

L;QED
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Azimuthal Correlations
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The measurement of F 
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The contributions to F
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Event selection
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The effect of differentE
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A tagged two-photon event
 Run : even t  6422 :  47694   Da t e  950817  T ime  155240                                  
 Ebeam 45 . 595  Ev i s   58 . 2  Emi ss   33 . 0  Vt x  (   - 0 . 05 ,    0 . 11 ,    1 . 17 )               
 Bz=4 . 028  Bunch l e t  1 / 1   Th r us t =0 . 7818  Ap l an=0 . 0006  Ob l a t =0 . 4802  Sphe r=0 . 0371     

Ct r k (N=   8  Sump=  12 . 4 )  Eca l (N=  19  SumE=  47 . 2 )  Hca l (N=  6  SumE=   3 . 4 )  
Muon (N=   0 )  Sec  Vt x (N=  0 )  Fde t (N=  0  SumE=   0 . 0 )  
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Event distributions compared

to HERWIG
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The flow of hadronic energy

as predicted by HERWIG
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The energy flow for
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The model dependence

as a function of x
vis
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Some words about unfolding
The Principle:

g

det

(u) =

R

A(u; !) f

part

(!) d! +B(u)

1. Our case:

g

det

(u) = g

det

(x

vis

); x

vis

= f(E

tag

; �

tag

;W

vis

)

and fpart(!) = f

part

(x) which is related to F 

2

,B(u)

is denotes the background events.

2. A(u; !) has to be obtaind from the Monte Carlo Models

) Model Dependence, consider all reasonable models.

3. The gdet (x
vis

) distribution from the Monte Carlo is

changed during unfolding, by assigning weights to each

Monte Carlo event, in order to match the gdet (x
vis

)

distribution of the data.

� The gdet (x
vis

) distributions of data and Monte Carlo

agree afterwards by construction.

� Other distributions have to be used in order to check

whether the unfolding has also improved on them,

without using explicitly this variable.

4. The unfolding result should be independent of the F


2

used

in the Monte Carlo. This is not true if F 

2

and the ? 

fragmentation do not factorize.



The x
vis

distributions

compared to HERWIG
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Unfolding tests using

HERWIG with GRV as unfolding MC
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OPAL results on F


2

(x;Q

2

)

at
p

s

ee

=M

Z

0

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 0.2 0.4 0.6 0.8 1
0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 0.2 0.4 0.6 0.8 1

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 0.2 0.4 0.6 0.8 1

x

F
γ 2 (

x)
 / 

α

< Q2> = 7.5 GeV2

OPAL

(a)
GRV
SaS1D

x

F
γ 2 (

x)
 / 

α

<Q2> = 14.7 GeV2

OPAL

(b)
GRV
SaS1D

x

F
γ 2 (

x)
 / 

α

<Q2> = 135 GeV2

OPAL

(c)
GRV
SaS1D

Q2 [GeV2]

F
γ 2 (

Q
2 ) 

/ α

0.1 < x < 0.6

OPAL

(d)
GRV
SaS1DHO

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

10 10
2

F



2

(Q

2

)=� = (0:08

+0:13

� 0:18

) + (0:13

+0:06

� 0:04

) ln Q

2

�

2

=dof = 0:05 Corr = �0:95



A selection of

F
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The systematic error on F
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The world data on dF
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The prospects of F 
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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 

2;QED

structure function and the ratio F 

B

/F 

2

.

2. The F 

2

structure function was measured for

7.5 <hQ2

i< 135 GeV2. 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 2 dependence of F 

2;QED

.

2. Azimuthal correlations in hadronic final states.

3. F 

2

for 20 <Q2

< 1000 GeV2.

4. Double tag events.

5. : : :

The LEP2 programme has just started

slides:

http://wwwcn1.cern.ch/~nisius/talks/AACH280197/index.html


