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Outline

Kick Calculation

Phase Dependence

Detuning & 
Momentum Kick

Focusing 
Effects

Momentum kick calculation using the Lorentz force and 
Panofsky-Wenzel theorem within the electron gun.

Dependence of momentum kick on the initial RF phase

Variation in the momentum kick as a function of cavity 
detuning

Dependence of Longitudinal beam size of the solenoid 
current for different phases and detuned frequencies.



Tools & Techniques

RF & Magnet 
Simulations

Single particle 
dynamics

Multi-Particle 
Dynamics

CST STUDIO FREQUENCY DOMAIN SOLVER CST STUDIO M-STATIC SOLVER

MATLAB

CST STUDIO PARTICLE-IN-CELL SOLVER

1. 3D Field Interpolation.
2. Lorentz Force Calculation.

3. Trajectory solver.



RF Simulation Results
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Asymmetric Momentum Kick Studies

➢ Calculation of x and y momentum kick within the the beam path.

➢ Kick dependence on Phase.(with single particle dynamics)

➢ Kick dependence on cavity detuning.(using multi-particle dynamics)



Momentum Kick Calculations
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MOMENTUM KICK CALCULATIONS  USING LORENTZ FORCE

MOMENTUM KICK CALCULATIONS  USING PANOFSKY-WENGEL THEOREM



Beam & FIeld Parameter

Parameters Value

Energy 0.55 eV

𝐼𝑚𝑎𝑖𝑛 440 A

Energy spread 20 keV/c

Transverse radius 0.5 mm

Temporal length
(Gaussian)

11 ps (FWHM) 

Parameters Value

Solenoid 
calibration

5.559 × 10−4 × 𝐼𝑚𝑎𝑖𝑛 + 7.102
× 10−5

𝐸𝑚𝑎𝑧 at Kathode 
plane

60 MV/m

Energy spread 20 keV/c

Electron beam 
parameters at the 
cathode surface

Solenoid and RF 
field limits and 

calibration0



Assumptions

➢ Space-charge interaction is not considered.

➢ We assume an axi-symmetric solenoid focusing.



3D Momentum Kick Calculations in 𝑟, 𝜃 plane-I
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➢ Results shows the dipolar nature of kick with a maximum value of 2.2 mrad..

➢ The lick is asymmetric in the y-direction



3D Momentum Kick Calculations in 𝑟, 𝜃 plane-II
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3D Momentum Kick Calculations in 𝑟, 𝜃 plane-III



Momentum Kick & Fourier Expansion
X-Z View Y-Z View

Fourier Fir



Z-Momentum
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Momentum Kick In x-z & y-z plane-II
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Fewquency Detuning & Phase dependence Studies
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Particle Dynamics
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Conclusion

➢ Transverse momentum kick was calculated in the electron gun and 

an asymmetric behavior in the y-kick was identified.

➢ Dependence of transverse momentum kick on the phase and cavity 

detuning was studied and quantified.

➢ Multi-particle dynamics was performed to investigate the beam 

behavior change because of asymetric RF kick.



Longitudinal Focusing
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Thank You!


