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The processes in question
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Many separate models needed to 
describe photon-photon interactions.



Motivation (1)

4

10
-3

10
-2

10
-1

1

10

10
2

10
3

10
4

5 10 15 20
pt  !GeV"

d
!

 /
 d

p
t 
!p

b
 /

 G
e

V
"

Data "
#

a)

NLO QCD

Scale dependence

Direct

L3

W
##

 $ 5 GeV

Problem with 
pQCD?
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fragmentation 

function?



Motivation (2)
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The data sets
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hadron x-section jet x-section

data taking 
period 1997 - 2000 1998 - 2000

183 - 209 GeV 189 - 209 GeV

luminosity 612.8 pb-1 593 pb-1

data set 
characteristics

hadron track,
pT > 0.12 GeV,

|η| < 1.5

one kt jet with 
pT > 5 GeV,

|η| < 1.5

√
see



Selecting charged hadron events
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• Used cuts on various reconstructed parameters

• Number of tracks

• Visible invariant mass

• Missing transverse energy

• ...

• All cuts leave 1 144 035 events

• Overall background is below 2%, increasing to 50% 
for the highest pT bin



Selecting inclusive jet events (1)

• Problem with S/B at 
high jet pT

• Use likelihood selection

• Used 7 input variables
• number of tracks

• visible hadronic invariant 
mass

• missing transverse energy

• ...
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Selecting inclusive jet events (2)

• Good S/B at low pT

• About 50% background 
at 40 GeV

• Reliable measurement 
not possible above
40 GeV
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Inclusive jet cross-section (1)

• Data in nice agreement 
with MC and NLO at 
high jet pT

• NLO is only 
underestimating the 
cross-section in the 
lowest bin
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Inclusive jet cross-section (2)

• Repeated analysis with 
L3’s kinematic 
conditions

• Calculation still in good 
agreement with the 
measurement

• No measurement in 
OPAL for pT > 40 GeV
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Charged hadron cross-section (1)

• Calculation 
underestimates 
cross-section at 
high invariant 
mass, high pT

• Otherwise 
description is 
good
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Charged hadron cross-section (2)
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Results below L3 measurement at high pT ->
closer to NLO



Conclusions
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• The charged hadron and inclusive jet production 
cross-sections in photon-photon interactions have 
been measured in OPAL

• High pT region dominated by background

• Found good agreement between measurement and 
calculation (except possibly for charged hadrons at 
largest pT)



Backup slides
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Likelihood input variables
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• Visible invariant mass measured in the ECAL only
• Visible invariant mass from entire hadronic final 

state
• Number of tracks
• Energy deposits in ECAL
• Energy deposits in HCAL
• Missing transverse momentum
• Invariant mass calculated from jet with highest pT 

and hadronic final state in the opposing hemisphere



Charged hadron selection
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Systematic uncertainties
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pT [GeV] ECAL energy 
[%]

Background 
subtraction [%]

Cut selection 
[%]

Signal re-
weighting [%] Total [%]

5.0 - 7.5 3.2 4.4 0.1 2.6 6.0
7.5 - 10.0 3.5 4.6 0.2 2.2 6.2

10.0 - 15.0 3.6 5.3 0.8 1.4 6.6

15.0 - 20.0 3.7 6.2 1.7 3.1 8.0

20.0 - 30.0 9.1 7.7 3.7 4.0 13.2

30.0 - 40.0 12.2 8.6 4.7 5.0 16.5



η dependence of charged hadron x-
section
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L3 inclusive jet selection
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Jet cross sections
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