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 (Finish) Electroweak Unification

 Higgs mechanism



Running Coupling ConstantsRunning Coupling Constants
 Coupling “constants” are said to “run” (change their strength) 

with energy 

F  l t ti  th  li   “ t t”  i d For electromagnetism, the coupling  “constant”, , increased
with energy

 For weak force the coupling constant decreases with energyp g gy
 E.M. and weak merge at ~100 GeV: “electroweak 

unification”
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 For strong force coupling, s, decreases with energy
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Strong Coupling “constant”, Strong Coupling “constant”, SS

  the fundamental  universal QCD parameter S the fundamental, universal QCD parameter
 Standard Model predicts “momentum scale”, Q (~s)

evolution, but not absolute value
 Perturbative effects, varying as ~ 1/lnQ
 Non-perturbative effects, varying as ~ 1/Q

T t   diff t  i Test: measure different processes, energies
 Intuitive techniques in e+e-
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 Precision low, O(%) cf. electroweak O(105)
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Global Global SS measurements, various emeasurements, various e++ee-- observablesobservables
[From P.A. Movilla Fernandez et al., Eur.Phys.J.C22(2001)1]
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Data: strong coupling constant, Data: strong coupling constant, SS
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  is strong force coupling constant q
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 S is strong force coupling constant
 Ratio of rate of 3-jet vs. 4-jet events

 Directly related to S
 An l us t  “R”  m n  f ct rs c nc l

qS

g

q

 Analogous to R , many factors cancel
 Momentum scale-dependent value

 Centre-of-mass energy in e+e- collisions

4-jet event 3-jet event



ss SummarySummary

C  A l   l Ph i  L  B667  1 (2008) C. Amsler et al., Physics Letters B667, 1 (2008) 
[http://pdg.lbl.gov/2008/reviews/rpp2008-rev-qcd.pdf]


