Jet production in yy collisions at LEP
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=> (Di-) Jet production mechanisms
in yy — collisions

= Single jet inclusive
= Di-jet inclusive

= Jet structure in di-jet events




(Di-) jet production mechanisms in yy-collisions

yy collisions @ LEP = compared to ep collisions @ HERA

e* e

direct =does not exist
(proton is always "resolved” here)

single resolved = direct
double resolved = resolved
multiple parton Only photons with virtuality Q2 = O are considered
interactions (MIA)? = electrons are not tagged ( "untagged yy events" )
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Single jets inclusive (L3)

Data sample
= Vs= 189-208 GeV
= /=560 pbt

Event / Jet selection
= Standard yy-selection

» Hadronic final state with
> 6 tracks/clusters

= Detected Energy < 0.4 Vs

= No tagged electrons in
forward calorimeters

= 1% background left
(10 % at high p+)

= Inclusive k; (R,=1.0 ) with
pr>36GeV, |n|<«1

Number of jets
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Single jet inclusive cross-section

The data can be described
by a power law

A py®
A fit yields B ~ 3.5

-

PHOJET 1.05 way too low
at high p+

PYTHIA 5.722 is closer,
but too large and also

no good description at high p+

/

do / dp, [pb / GeV]

2 _

it eData preliminary
| — Power law fit
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Single jet inclusive cross-section cont.

do / dp, [pb / GeV]

® data prelim.
—NLO QCD

NLO: L. Bertora, S. Frixione

The shape is well described
below ~ 15 GeV by NLO QCD

NLO is (much) lower than the
data at high p,

This is consistent with
the observations in
charged and neutral
hadron production by L3
N P =2
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Di-jet: more access to the "inside”

Estimate of fraction of
photon momentum

entering hard collision

Y E+p,
t_ jetl2
¥ Y E+p,
hadrons
X, 01 X, <1

single resolved

1
mostly single mostly
resolved direct
+ ® 3
X a &
14 mostly double S >
resolved S
2.
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Xy
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Data selection and background (OPAL)
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Di-jet angular distributions: quarks vs. gluons

NLO: Klasen et al.
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The di-jet cross-section vs. mean EJe
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Well described by NLO for
total sample and

"single resolved enhanced"”

But too low for

“"double resolved enhanced"
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The di-jet cross-section vs. x,

do/dx, [pb]

do/dx, [pb]
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= OPAL

X, or XT<0.75$

7< E; <11 GeV

NLO /(148 , )

PYTHIA SaS 1D

PYTHIA MIA
contribution

..MIA, which (PYTHIA says),
are very small for single res.
enhanced sample, as expected.

v

Small hadronisation
corrections and no
disturbance from MIA

NLO should work here -
and it does!
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The internal structure of jets: quarks vs. gluons
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The internal structure of jets cont.

W(r=0.4)

W(r=0.4)
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Quark jets are more
collimated than gluon jets,
but both show the same
dependence on E; and n

ko jets are more collimated
than cone jets and are
better described by the
Monte Carlo
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Conclusions

Single jet (L3) and Di-jet (OPAL) production has been studied in
2-photon collisions at LEP

The single jet cross section is underestimated by NLO at high p,
(as seen in hadron production before)

Di-jet cross-section are measured in regions with small and regions with
large expected contributions from MIA

NLO QCD agrees well with the di-jet data in regions where it is expected
to be reliable.

Quark and gluon dominated sub-samples in di-jet events are studied and

show the behavior expected from QCD for jet structure and angular
distributions
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Resolved vs. direct event fractions (OPAL)
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For higher jet energies
the fraction of
resolved events at low
x,is still high

(but the cross-section
decreases)
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Energy flow outside the two leading jets (OPAL)

n r— 6|||IIIIIIII| |||| I f— |—|||||||||||| |||I|||
_1 +1 % B + % 4 L +
‘ <] -; x?<0.75 o .59‘ X, or T‘:OJS
\\\\\\\\\ <€ 4 =t — <€ 3 :__E: -
: - ltl HIP S E
T . O T F e
‘ S i | S 1F ‘_\rﬁ‘t 3
0_||III 0:|IIIII|IIII|III:-£T‘:-?—::?:‘-.|£
-2 2 -1 0 1 2
M 1
; l:l | i 1 | |_|-| | | rrnri I |:1
$ 04 x,>0.75 " e OPAL
- :_ _: — PHOJET + BKGS
el __,"'“.'.’44-.——._._ 1
. U el P g .- PYTHIA + BKGS
fr.g 0.2 _—"'i |
z ol 'i;rr
= 0.1 —| =
0 |_| 10l | | 1

Energy flow in shaded region vs. n ordered by x, (more resolved y is left)
Thorsten Wengler, CERN @ EPS 03, Aachen, Germany



Selection of the yy-sample (OPAL)

Events

Events

—
=]

-
(=]

—
=]

—
=]

7] e

[

ST )

e OPAL

Events
"
=]

=l MC PHOJET :

My, [GeV]

Standard vy event selection:
= 3E_, & (Leading jet ,opposite
hemisphere), , .. < 95 GeV

= Number of tracks > 6
= Antitag in forward detectors

= Quality cuts on missing
momentum, vertex position

= Total remaining background is
about 5%

The arrows indicate the
cut value

In each case all cuts are

applied except on the
quantity shown
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Energy flow around jets (jet profiles) (OPAL)
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Example of hadronisation corrections (OPAL)
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The influence of the choice of PDF on NLO (OPAL)
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The di-jet cross-section vs. x, (OPAL)
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- space



The di-jet cross-section vs. x, (OPAL)
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The di-jet cross-section vs. niet (OPAL)
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Di-jet x-section observables (OPAL)
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Data / MC comparisons (L3 single jet analysis)

Invariant hadronic mass
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Changes in Pythia (hadron spectra, L3 study)
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o (At theend of the" parton” shower)

Dang 8 r) O L :’3 r) 89 ions: 1+ Onas = o(At theend of thehadronisation process)
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