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1. Beam expansion in free space 



2. Beam focusing in quadrupole channel 
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3. Beam focusing in longitudinal magnetic field 
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4. Beam transport in periodic structure of axial-symmetric lenses 



5. Beam emittance growth in focusing channel 
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6. Gaussian beam uniforming in free space 
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7. Beam halo formation (particle-core interaction) 



8. Beam bunching in RF field 



                                           Analytical treatment of beam bunching 

First harmonic of induced current 

Bunching parameter 

Coupling coefficient of the beam with modulation gap 

Transit time angle through the gap 

Reduced plasma frequency of the beam 

Plasma frequency for an unbounded beam 

Form factor of reduction of plasma frequency 
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Problems 



1.7 .Derive the following expressions: <x 2> = π  βx  
o
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rx3 ρx (rx2) drx  

<x'2> =πγ x  
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<x x'> = - π  αx  
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1.8. Calculate space charge field for the beams with the following space charge density 
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Section 2 

2.2.1. Determine required longitudinal magnetic field to provide equilibrium of proton beam with the 
following parameters: beam energy E = 150 keV, beam current I = 0,  normalized beam 
emittance                                , equilibrium beam radius Re = 1 cm. 

2.2.2. Determine period of beam envelope oscillations around beam equilibrium radius for the beam 
with the above parameters. 

ε=0.56πcmmrad



2.3.1. Determine required longitudinal magnetic field to provide equilibrium of proton beam with the 
following parameters: beam energy E = 150 keV, beam current I = 87 mA,  normalized beam emittance   
                            , equilibrium beam radius Re = 1 cm. 

2.3.2. Determine period of beam envelope oscillations around beam equilibrium radius for the beam with 
the above parameters. 

ε=0.56πcmmrad

2.5. Derive expression for maximum beam current in quadrupole channel, in uniform magnetic 
field, and in periodic structure of axial-symmetric lenses. 

2.6. Derive expression for Hamiltonian for particle motion in longitudinal magnetic field in 
Larmor system of coordinates. 



Section 3. 

3.3 Derive expression for Gaussian beam uniforming in free space under space charge forces. 

3.4 Derive expression for Hamiltonian of particle-core interaction. Perform averaging of 
Hamiltonian of particle-core interaction.  



Section 4. 



4.2. Determine maximum current of accelerated proton beam with energy of W = 150 
keV in RF structure with wavelength of     = 85.7 cm, accelerating field of E =20 kV/
cm, synchronous phase of     = - 60o, effective focusing gradient of Gt = 280 kV/cm2. 
Compare results with that given by simplified model of uniform ellipsoid. 

4.3. Derive Hamiltonian in RF field.     
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Recommended readings and references 




