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What is a Particle?
Classical           Quantum Mechanics           Quantum Field Theory

E/B-Field Does NOT play nice 

with special relativity



Rutherford+Villard (1899)



Accelerators



Linear Accelerators (1924)



Cyclotron (1930)



Synchrotron (1945)

Power Carried by  
Synchrotron Radiation For equal energy electrons 

and protons, which radiates 
more power?


What does this mean for 
accelerator design?





Magnets



Dipoles



Quadrupoles



Long-Term 
CERN Plans







Physics of 
Protons



What is a Proton?



Eincoming

Eoutgoing



Eincoming,1 Eincoming,2

?

Proton Collisions



Parton Distribution Functions

x = momentum fraction, Q^2 momentum transfer 
f(x,Q)= probability density function



Primary Vertex 
Hard Interaction

Initial proton with 
3 valence quarks

Underlying event 
from proton  
by-products

Not pictured: ~40-60 proton-proton 
collisions per bunch-crossing 

Single proton-proton collision

Final State

EM Radiation

Electron (line)

Photon (wave)

New Particles 
Produced 
gluon (coil)


photon (wave)

quarks (line)


W/Z bosons (dash) Hadronization

Quarks+Gluons 
combine to form 
Meson (2-quark)

Hadron (3-quark)

Original Proton 
Constituents



HW
Due Tuesday Feb 22 by Start of Class

Use Table 2 from the LHC beam parameters here 
— What are the center of mass collision energies for Lead and Xenon? 
— How much energy is carried by Lead/Xenon ions in the LHC? 
— Calculate the Lorentz factor of the Lead/Xenon ions 
— What is the ratio of the power dissipated through synchrotron radiation by  
     protons:LeadIon:XenonIon at standard collision energies ? 
— By what factor (ratio) does the power dissipated by synchrotron radiation  
     increase from standard collision conditions to 100 TeV Center of Mass Energy?

https://iopscience.iop.org/article/10.1088/1361-6471/ab7ff7

