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Particle Accelerator
What is it?

• Accelerates Particles by using the Electric fields





• Steer the beam by using Magnetic field


 


• For high energy(relativistic limit) :  & 


→ Magnetic fields much more efficient for steering
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Linac(SLAC Linac) Cyclotron(JULIC) Synchrotron(LHC)

Particle Electrons Protons, deuteron Protons, Heavy Ion

Accelerate Path Linear path Center ⇢ Outward Spiral Closed-loop

Energy 50 GeV 45 MeV / 90 MeV 14 TeV (7 TeV)

Size 3.2 km 0.0157 km(Diameter) 27 km(Diameter)
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Synchrotron
Weak Focusing Synchrotron

• Early synchrotron


• Bending magnets were shaped to produce a 
field with index in the range 

 (Steenbeck’s condition)


• Large cross section


: the combined effects of transverse 
particle velocity & synchrotron oscillations


→ Costly, Large-bore magnet

0 < n ≈ −
∂Bz

∂x
< 1
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Synchrotron
Strong Focusing Synchrotron
• Strong Focusing 


→ Alternating diverging and focusing lenses separated by 
finite distance results in net focusing


→ Magnetic quadrupole focuses in one plane and defocuses 
in orthogonal plane


→ Alternating quadrupole focus in both planes


- Much stronger than focusing of solenoids of radial 
magnetic gradients(dipoles)


- Decreases aperture required for stability


- Greatly extends energy range of acceleration
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Model of an LHC superconducting quadrupole magnet - Laurent Guiraud - © 2000-2023 CERN



Synchrotron
Strong Focusing Synchrotron

• Alternating Gradient Synchrotron (AGS) - PS (CERN)

1) Bending Field is produced by a ring of wedge-shape magnets.


2) Combination of focusing and defocusing in the horizontal and vertical 
directions


• Separated Function Synchrotron

1) Bending field is provided by sector magnets with uniform vertical field.


2) Focusing is performed by quadrupole magnetic lens set between bending 
magnets.
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Survey Operators in tunnel PS and picture of magnet with case open - Brice, Maximilien - © 2020 CERN



Synchrotron
Strong Focusing Synchrotron

• Alternating Gradient Synchrotron (AGS) - PS (CERN)

1) Bending Field is produced by a ring of wedge-shape magnets.


2) Combination of focusing and defocusing in the horizontal and vertical 
directions


• Separated Function Synchrotron

1) Bending field is provided by sector magnets with uniform vertical field.


2) Focusing is performed by quadrupole magnetic lens set between bending 
magnets.
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Synchrotron
Storage Ring

• Same focusing and bending field configuration as a separated function 
synchrotron, but provides no acceleration.


• Contains energetic particles at constant energy for long periods of time.


→ Usefully used by experimental users.
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The CERN Electron Storage and Accumulation Ring (CESAR) in 1967 (Image: CERN)



Synchrotron
Collider

• Allow high-energy charged particles moving in opposite directions to collide 
head-on at a number of positions
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Illustration of a LHC 
insertion with the normal-
conducting D1 magnets 
to separate the beam left 

and right from the 
collision points

Machine Protection and Interlock Systems for Circular Machines - Example for LHC - Schmidt, R. - arXiv:1608.03087

https://cds.cern.ch/record/2207171?ln=en
https://cds.cern.ch/search?f=author&p=Schmidt%2C%20R.&ln=en


Q & A



Thanks!
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