
1967/68:
Weinberg andSalamformulatea uni�ed (not quite: still two couplingconstants,
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, for theSU(2)andU(1) interaction)theoryof electromagneticandweakin-
teractionsof leptons.

It is a localgaugetheorybasedonthesymmetrygroup
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( � : weak
isospin,� : hypercharge,
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� ) wherethelefthandedleptonsaregrouped
in SU(2)doublets(andrighthandedleptonsin singlets).

Following Yukawa'ssuggestion,theweakforceis understoodto betransmittedby
the exchangeof massive gaugebosons,i.e. for instancethe muondecaycanbe
writtenasfollows:
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yields a predictionfor the massof the
chargedweakgaugeboson,
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whereit is assumedthat
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Thestructureof thegaugecouplingsis governedby therequirementthatthetheory

(� Lagrangian)is invariantunder
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Basedonworksby Higgs,Kibble, Brout,EnglertandGuralnik,Hagen,themasses
of theweakgaugebosonsaregeneratedvia theinteractionwith a massive neutral

scalar�eld, the Higgs boson,so that the gaugeinvarianceof the Lagrangianis
preservedandonly thevacuumstateis no longerinvariant(spontaneoussymmetry

breaking).

TheWS modelpredictstheexistenceof a neutralweakly interactingboson(� � ),
that mediatesa weak interaction(neutralcurrents)which hasnot beenobserved

yet.

It alsopredictstheexistenceof theHiggsboson.

1968/69:
In experimentswhereelectronsarescatteredoff nucleons(deepinelastic

>
� scat-

tering)theelectronsappearto bebouncingoff smallhardcoresinsidethenucleon.
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To analyzethesedataBjorkenandFeynmanintroducethepartonmodel, a model
of constituentparticlesinsidethenucleon(they did notyet call themquarks):

� AssumptionI

A fastmoving hadroncanbeviewedasa jet of partonswhich predominantly
�y in the direction of the hadronand the momentumof the hadronis dis-

tributedamongthepartons.

� AssumptionII
Thecrosssectionsfor hardprocessessuchasdeepinelastic

>
� scatteringare

calculatedby calculatingthecrosssectionsof theunderlyingsubprocessesas-
sumingfreepoint-like partonsandthensummingincoherentlyover thecon-

tributionsof all partons.

The parton model succeedsin explaining the experimentallyobserved Bjorken

scaling.
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Thereactionfor

>
� scatteringin thepartonmodelis describedin termsof structure

functions,
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( � : energy of thescatteredelectron,

�

: scatteringangle):
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describetheprobabilityof �nding a partonwith longitudinalmomentum

�
�

�

insidethenucleon.

In the limit of large
�

� thestructurefunctions
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only dependon a dimen-
sionlessparameter

�

asfollows (assumingonly spin


�

� partons):
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� : nucleonmass,�
�

��

�

� : energy lossof the scatteredelectron,

�

+ : four-momentumtransfer,

�

�

 � �

�

�

+ : Bjorkenscalingparameter,

�
!

: electricchargeof partons

This phenomenon,i.e. that thestructurefunctionsonly dependon

�

, is known as

Bjorkenscaling.
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from theParticleDataGroup:

http://pdg.lbl.gov/2005/strucfun�grpp .ps
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