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CST field extraction
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1) Field monitor with same timestep as the 

Warp simulation: dt=0.0019258

2) Extracting the 1D plots for all the time 

samples for each value of 𝑧𝑘

3) Generating all the plots and 

exporting the data to txt files 

(computationaly costly and time 

consuming)
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CST field extraction
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4) Python script to read all the txt, plot the results and store 

the field matrix 𝐸𝑧[𝑧, 𝑡] in a dictionary with pickle

Cst_to_dict.py
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Warp field extraction
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2) Saves the field in a dictionary for post 

processing and save it to a file with pickle

1) Stores the Ez field (and other variables) in (0,0, 𝑧𝑘) for all the timesteps in a list with 𝑙𝑒𝑛𝑔𝑡ℎ = (𝑛𝑡 ⋅ 𝑛𝑧)

Cube_cavity.py
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Warp field extraction
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3) postproc.py: reads the dict in ‘out.txt’ file with pickle module and plots 

the Electric field, frequency and charge distribution of the simulation 

performed with cube_cavity.py 

postproc.py 
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Warp field extraction
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3) postproc.py: reads the dict in ‘out.txt’ file with pickle module and plots 

the Electric field, frequency and charge distribution of the simulation 

performed with cube_cavity.py 

Also plots the comparison with CST if cst_to_dict.py has been run before

postproc.py 

First simulations 

had weird results
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Warp fields fixed
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With the help of Lorenzo, we 

changed the beam definition 

(Macroparticles where not defined 

correctly) and the time profile. 

Now the results are as expected
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Comparison with CST
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The slight shift in frequency may be 

due to the Yee solver in Warp. 

Exploring the CKC solver may be 

interesting
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Direct algorithm
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Integration in z over the whole domain 𝑧𝑚𝑖𝑛, 𝑧𝑚𝑎𝑥

1) Define Wakelength and s vector

The negative values of s are related to the initial time in

with the beam is injected (init_time)

The positive values discretize the wake length with a

resolution related to the timestep size: 𝑑𝑡 ∗ 𝑐

2) Define Wakelength and s vector

2) Integral 𝑧𝑚𝑖𝑛, 𝑧𝑚𝑎𝑥 is very close to Integral 𝑙1, 𝑙2 . The

only differences observed are in the calculation of the k

loss factor
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Direct algorithm
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Direct_wake_potential.py : uses the Ez field from Warp Direct_wake_potential_cst.py : used the Ez field from CST
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Direct algorithm
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Direct_wake_potential.py : uses the Ez field from Warp Direct_wake_potential_cst.py : used the Ez field from CST
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Impedance and loss factor
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3) The charge density is obtained from the 𝜎𝑧 and beam

charge 𝑞 with a Gaussian profile

#obtain charge distribution with a gaussian profile

charge_dist=(q*1e-12)*(1/(sigmaz*np.sqrt(2*np.pi)))*np.exp(-(0.5*(s-0.0)**2.)/(sigmaz)**2.)

#charge distribution [pC/m]

charge_dist_norm=charge_dist/(q*1e-12)

#normalized charge distribution [-]

4) Perform the integral of the loss factor 𝑘

5) Obtain the impedance with numpy.fft.fft()
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Impedance
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Direct_wake_potential.py : uses the Ez field from Warp Direct_wake_potential_cst.py : used the Ez field from CST

𝒌𝒇𝒂𝒄𝒕𝒐𝒓 = 𝟏. 𝟕𝟕𝟔𝒆 − 𝟎𝟏 [
𝑽

𝒑𝑪
]

𝒌𝒇𝒂𝒄𝒕𝒐𝒓 = 𝟓. 𝟕𝟒𝟎𝒆 − 𝟎𝟐 [
𝑽

𝒑𝑪
] value from CST: 5.790052e-02

Difference <1% 
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Impedance with CST’s DFT
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Using a 1000 simples in frequency DFT

Source: CST’s wake solver manual

http://www.mweda.com/cst/cst2013/mergedProjects/CST_PARTICLE_STUDIO/special_overview/special_beams_wakefield_solver_overview.htm
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Indirect algorithm
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The dominant part seem to be the poisson phi

𝝋. According to the results of the direct integration, 𝝋𝒍𝟏

should cancel with 𝝋𝒍𝟐…

A normalization factor might be missing since 𝛗 is in the

order of 1e9

With fields from CST
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Indirect algorithm results (CST)
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Indirect_wake_potential_cst.py : uses the Ez field from CST
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Indirect algorithm results (Warp)
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Indirect_wake_potential.py : uses the Ez field from Warp
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Impedance results
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Indirect_wake_potential.py : uses the Ez field from Warp Indirect_wake_potential.py : uses the Ez field from Warp

*Impedance amplitude is normalized for the indirect algorithm
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Next steps?
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▪ Fix the poisson results from the indirect algorithm. Compare the fields from

Warp and CST in different locations

▪ Compare the indirect integration from CST with the indirect algorithm

▪ Try the other CKC solver in Warp

▪ Perform a convergence analysis?

▪ Continue with the transverse Wake potential and impedance through

Panofsky-Wenzel

▪ Try the EMcLAW cube cavity? (--> long term…)




