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e QED Lagrangian, reminder

e Building the QCD Lagrangian
v Recipe from QED and implications
v Feynman rules

e QCD group structure
v Gluon emission and gluon splitting
v Infra red divergence, soft gluon emission probability
v Hadron multiplicity measurements
v 3jets / 4 jets measurements
e Color Factor
v qgq and qq interaction
v QCD potential and meson stability
e Strong coupling constant measurements at the LHC
v Total cross section at the LHC
v Inclusive jet production
v 3jets / 2jets ratio
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QCD Lagrangian

Free field propagation (propagators)

Interaction quarks gluon (a la QED)
Vertex 3 gluons ( due to the non-Abelian group )
Vertex 4 gluons ( due to the non-Abelian group )
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QCD Feynman rules
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Fermions lines carry a color charge! Interaction (or completeness)
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The group structure of QCD

NPAC

Noyaux
Particules
Astroparticules
Cosmologie

From the PDG

Useful color-algebra relations include: tﬁbtfc = Cpbge, where Cp = (N? —1)/(2N,) =
4/3 is the color-factor (“Casimir”) associated with gluon emission from a quark;

facpfBcp = Cadap where C4 = N. = 3 is the color-factor associated with gluon
emission from a gluon; tfbtfb = Troap, where T = 1/2 is the color-factor for a gluon to

split to a qq pair.
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Nch = charge hadron
multiplicity in a jet

Ratio of the “slopes”
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Measuring the group structure

Nch
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CLEO: Y Decays
TRISTAN: 3-Jets
DELPHI: 3-Jets
OPAL: 3-Jets

Prediction
(Eden et al.)

Quark-Antiquark
O PETRA ® LEP

O TRISTAN e PEP

——  Fitted Parametrisation
(Webber et al.)

) BTN (SRR e B

lllll 1

10 10°

E_, [GeV]



NPAC

Sora, = Measuring the group structure

Astroparticules
Cosmologre

e LEP events with 3 and 4 jets
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Color factors
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Example of qq and qqgbar scattering

f(ijkl)
XX — XX XX — XX f(xxxx) = +1/3
XX Yy Xy —yX flyxxy) = +1/2
Xy =Xy Xy — Xy f(xxyy) = -1/6
XX—YY flyxyx) =0

Xy =YX
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Quark - antiquark interaction
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Color flow q g
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Measuring the running of as is still a very active field at LHC
Important to predict any cross section!!!
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Total cross section at the LHC
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R32 : 3jets to 2jets production

Naively o[2 jets] x as?; o[3 jets] « a3 = o[3 jets] /o[2 jets] « as
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