1967/68

Weinbeg and Salamformulatea uni ed (not quite: still two couplingconstants,
, for the SU(2) andU(1) interaction)theoryof electromagnetiandweakin-

teractionsof leptons.

It is alocal gaugetheorybasednthesymmetrygroup ( : weak
iIsospin, : hyperchage, ) wherethelefthandedeptonsaregrouped
in SU(2)doubletg(andrighthandedeptonsin singlets).

Following Yukawa's suggestiontheweakforceis understoodo betransmittedoy
the exchangeof massve gaugebosons,.e. for instancethe muondecaycanbe
written asfollows:

The requirement yields a predictionfor the massof the
chagedweakgaugeboson,

— GeV

whereit is assumedhat
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Thestructureof thegaugecouplingsis governedoy therequirementhatthetheory
( Lagrangian)s invariantunder

Basedonworksby Higgs,Kibble, Brout, EnglertandGuralnik,Hagenthemasses
of theweakgaugebosonsaregeneratedia the interactionwith a massve neutral
scalar eld, the Higgs boson,so that the gaugeinvarianceof the Lagrangianis
preseredandonly the vacuumstateis no longerinvariant(spontaneousymmetry
breaking.

The WS modelpredictsthe existenceof a neutralweakly interactingboson( ),
that mediatesa weak interaction(neutralcurrents)which hasnot beenobsenred
yet.

It alsopredictsthe existenceof the Higgsboson.

1968/69
In experimentsvhereelectronsarescattereff nucleongdeepinelastic  scat-
tering)theelectronsappeaio bebouncingoff smallhardcoresinsidethenucleon.
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To analyzethesedataBjorken and Feynmanintroducethe partonmode| a model
of constituenparticlesinsidethe nucleon(they did notyet call themquarks):

Assumptionl

A fastmoving hadroncanbeviewedasa jet of partonswhich predominantly
y in the direction of the hadronandthe momentumof the hadronis dis-
tributedamongthe partons.

Assumptionll

Thecrosssectiondor hardprocessesuchasdeepinelastic  scatteringare
calculatedby calculatingthecrosssectionsf theunderlyingsubprocessess-
sumingfree point-like partonsandthensummingincoherentlyover the con-
tributionsof all partons.

The partonmodel succeedsn explaining the experimentallyobsened Bjorken
scaling
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Thereactionfor  scatteringn thepartonmodelis describedn termsof structure
functions, ( : enepgy of thescatterecaklectron, : scatteringangle):

describethe probabilityof nding a partonwith longitudinalmomentum
insidethenucleon.

In thelimit of large  the structurefunctions only dependon a dimen-
sionlesgparameter asfollows (assumingnly spin partons):

2 2.

. nucleonmass, . enegy loss of the scatterecelectron, : four-momentumtransfer

. Bjorkenscalingparameter : electricchageof partons

This phenomenoni,e. thatthe structurefunctionsonly dependon , is known as
Bjorkenscaling

PHY521 ElementaryParticle Physics



x=0.000063

pnganiEsg 0o mW

et , x=0.000102 Proton
M x=0.000162
e * H1
cer ™" L4 x=0.000253 ® zEus
et x=0.0004 - BCDMS
Lot " e Xx=0,0005 8 E665
L ,000632 NMC
f et L x=0.0008 A slac
Lt x=0.00102
. et e . x=0.0013
Lttt x=0.00161
P e x=0.0021
00 * T
. ettt x=0.00253
o x=0.0032
* FETER AR
Lo Lt x=0,005
o * P
ofB camen 2t S
08 e T enasesem e x=0.008
0°° ewf T vaeran e erts x=0.013
et IE L e vesent seaet x=0.021
aomom@EBET T e reeae x=0.032
oo REBREE ST -
et eeereremaies s X=005
we  eeemaremesrian 8 v L2008

R e T

ashe BN 0 SROMPIPP0 S 0 e o L axervd
Ammmnqm@m?ooe bR T Ee L Y

MAMWM@@%

N MM

0000, ,x ”H“"U

N800 4 ¢

.

s
vl «=0.18

*
. s

ey ﬁ x=0.4

* J" x=0.65

"
eeew""em ' x=0,75
AAAAAAM
“s x=0.85 (i,=1)
| M| | | | | M
-1 2 4
1 10 10 10° 10 10° 10°

Q* (GeV)

PHY521

ElementaryParticle Physics



