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New organization for GitHub 

repositories. 

https://github.com/ImpedanCEI

https://github.com/ImpedanCEI
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GitHub projects: Effective 

display of tasks to be done, in 

progress and done

https://github.com/orgs/Impeda

nCEI/projects/1

https://github.com/orgs/ImpedanCEI/projects/1
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WarpBasics repository
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Scripts with the cube cavity simulations in Warp:

▪ _mpi: prepared to run on parallel in htcondor

▪ _impedance: old algorithm for WP and impedance

▪ _poisson: new algorithm [in progress] 

README.md files with the installation guide and  

instructions to run in parallel from the server
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EMcLAW-test repository
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Scripts with the box resonator simulations:

▪ Pron.f90: where initial conditions are defined

▪ metallic_material_3d.f90: defines the metallic region

▪ inputs: defines the simulation domain, timesteps mesh 

and AMR refinement

README.md with installation and user guide, with 

modelling notes is also available
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Algorithm overview
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Source: 

https://accelconf.web.cern.ch/e06/PA

PERS/WEPCH110.PDF

PIPE

Deform the path of integration to go from the improper integral:

To a definite integral + 2 poisson problems

PIPE

Poisson in 

z=-l1 surface

t=(-l1+s)/c

Poisson in 

z=l2 surface

t=(l2+s)/c

CAVITY

https://accelconf.web.cern.ch/e06/PAPERS/WEPCH110.PDF
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Calculation steps (I)
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Source: 

https://accelconf.web.cern.ch/e06/PA

PERS/WEPCH110.PDF

1) New field component definition:

2) Maxwell eqs for TM/TEM fields yield to an irrotational vector G:

This proves that one can change an

improper integral to a proper integral

using the new path of integration

S8=S5 and S1=S2

3) Combining the equalities found, the wake

potential is defined by:

https://accelconf.web.cern.ch/e06/PAPERS/WEPCH110.PDF
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Calculation steps (II)
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Source: 

https://accelconf.web.cern.ch/e06/PA

PERS/WEPCH110.PDF

4) To extract the TM/TEM fields, we use the

defined irrotational vector G since it can be

derived from a scalar potential

5) Taking the divergence

this leads to a Poisson

equation. The driving term

has to be taken at z=-l1

and z=l2

rho

6) The wake potential becomes:

Poisson in 

z=-l1 surface

t=(-l1+s)/c

Poisson in 

z=l2 surface

t=(l2+s)/c

https://accelconf.web.cern.ch/e06/PAPERS/WEPCH110.PDF
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Scripting

11

Poisson equations are solved with PyPIC for each value of 𝑠𝑛 at

x=xtest, y=ytest, z=-l1 and x=xtest, y=ytest, z=l2

The derivatives are obtained for each value of 𝒛𝒌, 𝒕𝒌,𝒏

Ez is interpolated to match the

dimensions between t and z so they

can be added to obtain rho
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Scripting
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The definite integral is solved for each

𝑧𝑘 , 𝑠𝑛 . For each pair s, z, the index for the

time dimension has to be obtained

All is added obtaining 𝑊(𝑠𝑘)



Nov 15, 2021 EMWSD

S vector?
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• What resolution and length can the s

vector have?

• How is the wake length related to the

number of timesteps?
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CST study of wakelength and nº of timesteps
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Nx=55,

Ny=55,

Nz=96

(ncells = 277020) --> Δh=1 mm

Cube cavity surrounded by PEC:
▪ Total length: 100 mm

▪ Cavity length: 30 mm

▪ Pipe width: 15 mm

▪ Cavity width: 50 mm

Background PEC extended 2.5 mm in x & y

Resonance at ~4.3 GHz

Beam excitation:

Sigmat=¼ ns –-> sigmaz=18.73 mm

Excitation duration: 6.50460411e-001 ns

LOGFILE

Number of mesh cells: 277020

Excitation duration: 6.50460411e-001 ns 

Calculation time for excitation: 0 s

Number of calculated pulse widths: 1.3386 

Simulated number of time steps: 450 

Maximum number of time steps: 450 

Time step width:

without subcycles: 1.93490105e-003 ns

The aim of these simulations was to obtain the relation between

mesh cells, number of timesteps and s vector resolution
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CST study of wavelength and nº of timesteps
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Wakelength=1 --> nsteps=450,

dt=1.93490105e-003 ns,

Npulse=1.3386 (t=sigmat*npulse)

Length s=279 (277 negative values)

Wakelength = 10 --> nsteps=465,

dt=1.93490105e-003 ns,

Npulse=1.38322

Length s=294 (277 negative values)

Wakelength = 100 --> nsteps=620,

dt=1.93490105e-003 ns,

Npulse=1.84429

Length s=450 (277 negative values)
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CST study of wavelength and nº of timesteps
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Wakelength = 1000 --> nsteps=2172,

dt=1.93490105e-003 ns,

Npulse=6.46097

Length s=2001 (277 negative values)

Wakelength = 10000 --> nsteps=17687,

dt=1.93490105e-003 ns,

Npulse=52.6129

Length s=17518 (277 negative values)
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Box resonator (I)
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Source: Lorenzo’s presentation

Objective 1: assess the order of the numerical scheme with a convergence analysis

https://indico.cern.ch/event/1066781/contributions/4485735/attachments/2314276/3941205/Simulations_of_e_cloud_build_up_in_RF_devices.pdf
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Box resonator (II)
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Objective 2: study the energy dissipation of FVTD

Source: Darmstadt thesis “Investigating Finite Volume Time 

Domain Methods in Computational Electromagnetics” 

Energy decay at 

cavity center:

https://tuprints.ulb.tu-darmstadt.de/1915/2/Chakrapani_Bommaraju_Doctoral_Thesis.pdf
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EMcLaw simulations set up
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Prob.f90: initializing Bx, By, Bz fieldinputs: defining domain, nº cells, simulation time

Same equations used in the WarpX test
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EMcLaw simulations set up
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Metallic_materials_rd.f90: changing the if sentences to impose material relations (in this case, PEC)

Seems to be some issue with the material 

properties defined in the DEFINES.H, and 

the routines in ep_mu_3d.f90

Already contacted Eduardo to look at this
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First simulations
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Bz Bz

Material definition is not working correctly. 

Also, initial conditions need to be checked
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Next steps
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▪ Debug and try the implemented algorithm

▪ Define the relation between time and the s vector

▪ Fix the problems with the Box resonator test and continue

with the convergence analysis and the energy dissipation

test

▪ Is the Napoly alogorithm needed?

https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.9.102002
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Plots of the wakelength vs timestep study
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