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IntroductionIntroduction

highest cm. energy reached: 208 GeV
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QEDQED: photon mediator, structurelessstructureless: direct/bare photon: direct/bare photon
Photon violates conservation of energy: 
If fermion or antifermion interacts => parton content resolved 
Photon extended object=> charged fermions+gluonsPhoton extended object=> charged fermions+gluons
Dual nature of photon: direct or resolved
One possible description: Photon Structure Function

1t∆E >∆⋅

ff→γ

Photon interactions receive several contributions:

“bare 
photon”

Lepton pair production => process can be calculated in QEDcalculated in QED

The QED structure functions can only be used for the analysis of leptonic final states.

Quark pair production => QCD correctionsQCD corrections

For hadronic final states the leading order QED diagrams are not sufficient and QCD 

corrections are important.

Photon couples to fermions (quarks & leptons)

Different appearances of the photonDifferent appearances of the photon
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ee++ee-- ÆÆ ee++ee-- γγ** γγ**ÆÆ ee++ee-- + hadrons deep+ hadrons deep--inelastic scattering reactioninelastic scattering reaction
θtag >> 0 Æ electron observed inside the detector
θantitag ≈ 0 Æ other electron undetected Æ“single-tag”
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BEAM PIPEBEAM PIPE
ee++ee--

θtag

γ(*)

γ*

etag

eeantitagantitag
++

θantitag≈ 0 [ ])0.0637(radθ0.325(rad) LUMI
tag ≤≤

Ebeam Etag,
LUMILUMI

ELECTROMAGNETIC CALORIMETERELECTROMAGNETIC CALORIMETER

HADRON CALORIMETERHADRON CALORIMETER

HADRON CALORIMETERHADRON CALORIMETER

ELECTROMAGNETIC CALORIMETERELECTROMAGNETIC CALORIMETER

LUMILUMI LUMILUMI



APS, April Meeting 2004, Denver, 
Colorado, May 1-4, 2004 6

Photon Structure FunctionPhoton Structure Function
FF22

γγ(x,Q(x,Q22)) ~ ~ probabilityprobability that the probe photon with virtuality Q2 sees a parton (quark or gluon) 
with momentum fraction x inside the target quasi-real photon.
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The Bjorken variable x tells us what fraction of the photon four 
momentum was carried by the particle which participated to the 
interaction: the target photon itself or a parton (quark or gluon) inside 
the photon.
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Analysis MethodAnalysis Method
1) Selection
2) Split x and Q2 in several bins
3) Unfolding (Bayes)

energy of the target photon is not known 
⇒ Correction with MC 

(Pythia, Phojet, Twogam)
4) Calculate measured cross section
5) F2

γ(x,Q2) obtained using analytically calculated 
differential cross section (program Galuga)
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SelectionSelection

L= 608.1 pb-1. 
22771 events selected
Q2 11 -34 GeV2. 

GeV 209189s −=
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SelectionSelection
well 
correlated

needs 
unfolding

QQgengen
22

QQ visvis
22

WWgengen
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WW
visvis

22 needs 
unfolding

XXgengen
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22



APS, April Meeting 2004, Denver, 
Colorado, May 1-4, 2004 10



APS, April Meeting 2004, Denver, 
Colorado, May 1-4, 2004 11

UnfoldingUnfolding

Extraction of FExtraction of F22
γγ

efficiency triggeracceptanceL
NN backgroundunfolded

⋅⋅

−
=∆ measσ
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Evolution of FEvolution of F22
γγ with xwith x

FF22
γγ(x,Q(x,Q22) ) vsvs x with the different contributions:x with the different contributions:

VDM, QCD, QPMVDM, QCD, QPM

x

F2
γ(VDM)

quarks

gluons

FF22
γγ//αα

Preliminary results:
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Expected LUMI-L3 results
add data points to the low x region!

High statistics!   Test of QCD and QED.Q2 evolution of F2
γ
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Summary and outlook
� Photon structure function analyzed for 

ee++ee-- ÆÆ ee++ee-- γγ** γγ**ÆÆ ee++ee-- + hadrons + hadrons 
� Single tag events selection done for 189-209 GeV, high enough statistics, low 

background.
� Compared MC’s (Pythia, Phojet, Twogam) with data=>Pythia best.
� Used binning similar to other measurements by L3, OPAL, ALEPH experiments
� Used unfolding (Bayes method) to correct for detector effects and acceptance. 

Data unfolded with Pythia, Phojet, Twogam.
� Calculated measured cross-section and analized x dependence using 3 MC 

average.
� Obtain FF22

γγ using GALUGA.
� Evolution of F2

γ with x analyzed and compared to ALEPH,L3,OPAL. Comparison 
based on the average of the 3 MC’s.

� Comparison with theoretical predictions and Q2 dependence under investigation.
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Thank you! ☺
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