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QCD is a simple and elegant theory... of quarks and gluons

But we live in a world of hadrons %@u'a , confinement
0.4 jll*. I'".
Asymptotic freedom allows e
us to calculate hard processes, 03 %
but we always have hadrons . 1 asymyrtotic freedom -

in the end. .

(s is still large: HO are important
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These considerations can make pQCD |
studies rather complicated. : . OGeV |



QCD at ete—:

Calculation typically to NL{) in
exist for "'safe' observables.
{sometime to NNLO or beyond..)
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Find an infrared safe observable:
total ete— hadronic ¢cross—section,
cvent shapes, jets{kt type), cte.
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g Hadroenization Modcls
“ and Monte Carlos:

or MC | e |“Only modcls” hopefully
v small effect.
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Resummations: for some -
observable R which is becoming e

small
o {In /R (0 = 1..0¢)
__LL (/=0), NLL{=1) ...
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Maonte Carlo implgﬁlentatilrns of HO
Parton Showers(Pythia, Herwig...)
Color Dipoles(Ariadne,.) .
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QCD at e+e—: Suwmt- =
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QCD at e+e—: Sﬂumé ﬁE
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Running b quark mass: dependence known to 4 loops ot
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CD at e+e—: Fiscl Order =
Q VU(# %"L
QCD color factors and o, from 4—jets at LEP mml .

Expect sensitivity in

« Y etc. angular correlation of jets
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Summary QcCD at e+e-

All LEP experiments have updated their measurements to
the highest LEP Il energies.

Several analyses that cover a very wide energy range,
~20 — 200 GeV, convincingly demonstrates running of &;.

Event shapes, Jet rates(not shown here)

Error on ¢.determination is typically 3—5 %.

All obtain consistent values.

Running of b mass is also seen. Basic check of QCD symmetry
groups also give consistent answers.
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Structure function and parton distributions:

Deep inelastic scattering

o . L et Qg = —Ejg Virtuality ("'size" of probe)
X Mom. fraction of the struck
parton.
current jes
Factorization: 7prs ™ fp(i'] 'E'i
P E

(univeral) parton densities] PQCD cross—sec.

5
DGLAP evolution equations: 3 lnprE ~ f p O F
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Str. fcn. and parton dist.:

Neutral Current {~y, £ exchange) interaction

de*_ 9o’ New HERA (H1 and ZEUS)

BT
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drdO? — 2O+ (Y1 F2 — 9" Fr FY_2F3) | measurements have
ndly) i -
ca. 3% precision.

y = ()” /s, the inalasticity parameler,

fin, By and x5 are structure functions of the proton.

FE
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e ['7: longitudinal component, damped by yz. ; :’;’;
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R, Q") = e T e Q) +3e, Q%)

where , ¢ are quark, antiquark densities in the proton. '
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Str. fcn. and parton dist.:

DGLAP evolulion
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Str. fcn. and parton dist.:

x—0:013
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Str. fcn. and parton dist.:

Good agreement H1 and ZEUS
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Str. fen. and pﬂl’tOH dist.: Charged Current cross—section
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Str. fcn. and parton dist.:

Asymmetl} in pol. [N scattering
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Proton spin structure
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Str. fcn. and parton dist.:
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Str. fcn. and parton dist.:

Deep Inelastic Scattering on a photon

virtual 7

Difficult measurement:
large part of final state escapes
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World DATA on
Photon F2

New results at low—x
and highQ*from
OPAL

Hadronic component
of photon needed.
Rising at low—x?
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