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 Relativistic Kinematics

 (4-momentum)2 invariance, invariant mass
 Hypothesis testing, production thresholdsyp g p
 Cross-sections, flux and luminosity, accelerators
 Particle lifetime, decay length, width

 Classification of particles
 Fermions and bosons TodayToday
 Leptons, hadrons, quarks
 Mesons, baryons

 Quark Model
 Meson and baryon multiplets

yy

y p
 Isospin, strangeness, c, b, t quarks

 Particle Interactions
 Virtual particles and range of forces
 Strong and weak decays, conservation rulesg y
 Parity, charge conjugation, CP
 Weak decays of quarks
 Colour charge, QCD, gluons
 Charmonium and upsilon systems Previous

 Electroweak Interactions
 Charged and neutral currents
 W, Z, LEP experiments
 Higgs and the future

Previous 
Lecture

 LHC Experiments
 Future – introduction to accelerator physics



Further/Background ReadingFurther/Background Reading

Per lecture reading in course texts – please look at it
Library reading list for course updated/expanded



LEP Collider close to max. LEP Collider close to max. 
energyenergy

Beam “lifetime” in e+e- Luminosity vs. time (energy)

G Arduini et al "LEP Operation andR Assmann et al “Luminosity and Beam G. Arduini et al, LEP Operation and 
Performance with 100 GeV Colliding 
Beams," EPAC, Vienna, p. 265 (2000).

R. Assmann et al, Luminosity and Beam 
Measureents Used for Performance Optimisation in 
the LEP Collider”, EPAC, Vienna, p. 265 (2000).



Example: data ratesExample: data ratesExample: data ratesExample: data rates

Physics cross-sections Integrated collider lumi.
Data corrected for  radiation
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Example of machine parametersExample of machine parameters



Higher energy Higher energy ee++ee-- colliderscolliders
 In planning/R&D phase
 Physics motivations manyy y
 Cross-sections small!
 Luminosity the issue!
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b) W+W- tt
 b/c-tagging with high 

purity/efficiency
 e.g. Higgs branching 
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e.g. Higgs branching 
ratios

 Precision Tracking
R il  

103

 Recoil mass measurements
 Jet energy resolution
 Multi jet final states  e g 1

Zh

 Multi jet final states, e.g.
 ttbar
 separation of WW/ZZ

Nigel Watson / Birmingham

2000 400 600 800 1000
√s (GeV)



BeamBeam--Beam Beam effects in future effects in future ee++ee-- machinesmachines

[c/o Andrei Seryi]

+e+ e-

10 nm10 nm
(vertical)

1 mm (longitudinal)
 Mutual focussing, “pinch” enhancement

 Large disruption – single pass machine

Nigel Watson / BirminghamGlasgow, 24-Jan-2008

 Beam-beam effects, amplify initial vertical offsets
 detect downstream, feedback, maintains lumi



Luminosity in future Luminosity in future ee++ee-- machinemachine
 High luminosity achieved by

 Many incident particles
[c/o Andrei Seryi]

 Small transverse cross-section at interaction point

 e.g., LC beam sizes just before collision (500 GeV): 
250  110000          250 * 3 * 110000 nm         
(x   y      z)

vertical size 
is smallest
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Nigel Watson / BirminghamGlasgow, 24-Jan-2008
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