— OPAL experiment

— Event shape distributions

— Measurement of o from JADE- and OPAL

distributions using NNLO calculations

*EPJ C64:351, S. Bethke, S. Kluth, C. Pahl, J. Schieck and the JADE
Collaboration

*CERN-PH-EP-2010-089, submitted to EPJ C, the OPAL Collaboration
— Outlook: Contemporary and planned experiments

— Conclusion
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Event shape variables y

Two-hemisphere variables: One-hemisphere variables:

 Thrust 1-T « Wide Jet
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o 2 Jets, y=0 00g: 3Jets, eq. 1-T= A3 Many gluons, e.g. 1-T= %
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Hadronisation: Monte Carlo models redictions: Next to Next to Leading
Order O(0.3)
parton level hadron level (finished 2008 after 25 years of work)
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Y and many more +normalization
4 } A s ot +scale dependence (compensation
s in 2 loops)
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) 3 ) DK optionally:

+Next to Leading Logarithmic
Approximation (scale compensa-
tion in 1 loop)

Vs’ =...14..209 GeV  ~1 GeV:

Hadronic event in e™ e- annihilation




Event shapes total, wide jet broadening

(hadron level with stat. errors)
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More complete than NLO analyses:
Data described well over virtually all phase space



Event shapes total, wide jet broadening | (hadron level with stat. errors)
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O g(Myg-) results, OPAL - More complete than

NLO+NLLA analyses:

NLO NNLO
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= uncertainty reduced
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R I I variables reduced
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Running ag(Q) result
from event shape combination, OPAL
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http:/fatlas.web.cem.ch/Atlas/public/EVTDISPLAY fevents.himl

.

SUATLAS veteventat2.36 Tev
/A EXPERIMENT Collision Energy

2009-12-14, @4:30 CET, Run 142308, Event 482137

New jet algorithms have been defined (anti-k , SIS cone, invariant k_
algorithm, ...). Measurement and interpretation using OPAL planned.




Connection to contemporary physics?
Planned: e*e collider >> 200GeV

Proposals:

 |nternational Linear
Collider ILC:
500...1000 GeV

« Compact Linear Collider
CLIC:
500...3000...5000 GeV

e Much higher c.m. energy?

qq event (no gluons) at 500 GeV in
the SID detector at the ILC

December 21, 2010 Project Revew MPI fiir Physik - Results from JADE and OPAL - C. Pahl 13



Uncertainty due to uncalculated higher orders

« Estimated conventionally by varying the renormalisation
scale yg=0.5 Vs ... 2.0 Vs

Compare scale uncertainties 500 GeV vs.

o Ascale from NNLO 91 GeV:
ATheo(og) [ | )
° e OPAL
o © JADE
OOO 1-T, My, By, By, C, vy

. ' NNLO -, 0.1205 0.0967 0.1205
missing-9s™ - 40,0027  £0.0011  +0.0017
0 I NLO: Scale uncertainty reduced to 80%,
5410 10 >10_ 10 NNLO: To 60%.

Vs [GeV]




Uncertainty due to uncalculated higher orders

« Estimated conventionally by varying the renormalisation
scale yg=0.5 Vs ... 2.0 Vs

Compare scale uncertainties 500 GeV vs.
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 Analyses of data taken at the JADE and OPAL
experiment are still ongoing

« Measurements not limited by statistical and
experimental precision: New models and calculations
allow improved determination of ag

- Running of ag(Q) confirmed strongly in the JADE
energy range

« 0s(m,°) measured precisely by OPAL using NNLO

* QCD precisely studied in e'e important for LHC and
linear collider

* LHC triggers new LEP analyses
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