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ImpedanCEl
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https://github.com/ImpedanCEI

"W ImpedanCEl

() Overview [ Repositories @ Packages A People A Teams [ Projects £ Settings

& Impedance Computations

Q. Filter cards +
Updated 7 days ago
1 Todo 9P ©oc 2 In progress 9P ooc 2 Done 9P ©ooc
[Z] Evaluation of at least one unstructured grid *** (=] Wake potential computations [=] Installation notes for EMCLAW
I ith FEM/DGFEM ideall
solver (i / ideally) TODO: Added by Igiacome
Added by lgi . .
=a by igiacome (J Evaluate the simple method used in
Gdfidl [=] Installation notes for WarpX -
(J Is the Zagodornov method needed? Added by Igiacome
() Direct method with macroparticles
Added by Igiacome
(=] Comparison WarpX - EMCLAW
(] assessment of staircasing errors when G|tH u b p rOJ ects: Effec‘“ve
using mesh refinement . .
(] evaluation of energy dissipation d|Sp|ay Of taSkS to be done’ In
The properties will be evaluated using progress and done

the cubic resonator test

https://qgithub.com/orgs/Impeda
NCEl/projects/1

Added by |lgiacome
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https://github.com/orgs/ImpedanCEI/projects/1

War p B asS I CS rep OS I to ry Scripts with the cube cavity simulations in Warp:

= _mpi: prepared to run on parallel in htcondor

& ImpedanCEl / WarpBasics ' Public . . .
= impedance: old algorithm for WP and impedance

<> Code @ lssues 1 Pull requests (® Actions [™] Projects 0 wiki @ Security [~ Insights 3 Settings

¥ main ~ ¥ 1branch 0 tags Go to file Add file ~

= _poisson: new algorithm [in progress]

¥ main ~  WarpBasics / Scripts / cube_cavity / Go to file Add file ~
elenafuengar cleaned scripts folder 6aa3dse 5daysago L) 24 commits
elenafuengar cleaned scripts folder ... 5 days ago V) History
I8 Scripts/cube_cavity cleaned scripts folder 5 days ago
[ _gitignore updated the .gitignore 6 days ago
) [ README.md test commit 7 days ago
[ .owncloudsync.log test commit 7 days ago
cube_cavity_impedance, test commit 7 days ago
[ README.md test commit 7 days ago B ~cavityame P veag
[  cube_cavity_mpi.py test commit 7 days ago
README.md Va (Y  cube_cavity_poisson.py Adding script with PyPIC support 6 days ago
Wa rp Bas ICS = README.md Ve
Instructions to install Warp. Run pa ra”el Wa rp

1. Install miniconda This is a minimal python installation which is very flexible to install, manipulate and remove.
You install miniconda by running the following commands

Setting up a python enviroment + openmpi

tutorial modified from: https://github.com/PyCOMPLETE/PyECLOUD/wiki/Setup-python-(including-mpidpy)-

READMEmd flles Wlth the Insta”atlon gl.“de and \:ClltI:clJr:JI;‘::tr;\:r:;;Et:ts The following guide shows how to get a complete python installation without
instructions to run in parallel from the server
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EMC LAW-teSt rep 0OS | to ry Scripts with the box resonator simulations:

Pron.f90: where initial conditions are defined

3 ImpedanCEl / EMCLAW-test ' pubiic OuUnatch + 1 frser 0 Yrok 0 = metallic_material _3d.f90: defines the metallic region
<> Code © Issues 1 Pull requests (®) Actions [ Projects M wiki © Security u InpUtS deflneS the SlmU|at|0n dOmaln, tlmesteps meSh
and AMR refinement
¥ main ~ Gotofile  Add file~ About @
Cube resonator experiment to study (m] ImpedanCEI / EMcLAW-test ' Public ® Unwatch ~ 1 7 Star 0 % Fork 0
elenafuengar first simulations with resonant field ... 5daysago 13 the FVTD EM solver capabilities
0 Read <> Code () Issues i1 Pull requests (® Actions ™ Projects 07 wiki ) Security
B Scripts Update README.md 5 days ago eadme
B runs first simulations with resonant field 5 days ago
| ¥ main v EMcLAW-test / Scripts / Go to file Add file »
3 .gitignore first simulations with resonant field 5 days ago Releases
) READMEmd Uodate README.md 5 davs ago No releases published d elenafuengar Update READMEmd ... 5 days ago ) History
’ P ’ Vs ag Create a new release
*= README.md 4 [ Backtrace.0 added initial conditions for B 5 days ago
Packages
@ CMakeLists.txt added initial conditions for B 5 days ago
M No packages published
I n Sta I I atlo n Publish your first package [ DEFINES.H Box_resonator test scripts 7 days ago
™  GNUmakefile Box_resonator test scripts 7 days ago
Install AMReX
Languages [ Make.package added initial conditions for B 5 days ago
Type in the folder you want to install AMREX: I — @ Prob.foo added initial conditions for B 5 days ago
® Fortran 69.7% ® C16.5%
[ README.md Update README.md 5 days ago
™ ep_mu_1d.F90 added initial conditions for B 5 days ago

README.md with installation and user guide, with
modelling notes is also available
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Source:

AI g O r | t h m OVG rV| eW https://accelconf.web.cern.ch/e06/PA
PERS/WEPCH110.PDF
Deform the path of integration to go from the improper integral:
1
WZ(:EJ y! S) — _E / Ez(:ﬂ?y!z?t — (E+S)/C)dz (1)
- To a definite integral + 2 poisson problems
Vi
[ mle— bz qW (:E’ Y S) - Poisson in

b} = __r\ : S? E = [(,O(:I?, Yy = bl) — (p(.’E? y)]z:—h z_:-ll surface
YS Sg S i !SS Sﬁ? " t=(-11+s)/c

—sz(m,y,z}t=(z+s)/c)dz (15)

a L. e e e e e - == -
S, S
_Il . .
] X } - Poisson in
x\[/ I Z + [9’9(3:: y) - 9‘9(17, Yy = bz)]z:b . z=12 surface
PIPE _[I 2 PIPE t=(12+s)/c
CAVITY

C\w Nov 15, 2021

N/



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

Calculation steps (I)

1) New field component definition:

u(z,y,z,s) =u(z,y, 2.t = (2 +s)/c), (3)
such that . 9 Lo
U U U
9: 0z <ot )

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

0o bo
/(vm‘).dg:o:jéé-dg 0= /E‘zdz—/(Ey—CBm)(Z=32)d% (10)
A S

l2 a

oo

- /Gz(y = a)dz +}2Gy(z = oo)dy —

l2

This proves that one can change an
‘ , improper integral to a proper integral
—/Gz(y ~ ba)ds — /Gy(z — La)dy using the new path of integration

S8=S5 and S1=S2

Source:

https://accelconf.web.cern.ch/e06/PA
PERS/WEPCH110.PDF

3) Combining the equalities found, the wake
potential is defined by:

qu(:g} Y, 5) =

by
/{Ey —cB.)(z==l1,t = (=l +s)/c)dy
l2

— f E.(z,t =(z+s)/c)dz (11)

1

b2
—/(Ey —eBy) (2 = layt = (Is + 5)/c)dy.



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

Source:

Cal C LI I at | O n Step S (I I) https://accelconf.web.cern.ch/e06/PA

PERS/WEPCH110.PDF

4) To extract the TM/TEM fields, we use the 6) The wake potential becomes:
defined irrotational vector G since it can be W _
derived from a scalar potential aW-(2,y, ) = Poisson in
= [p(z,y = b1) — @(x, y)]z:_zl z=-11 surface
— — — _ _ _ t=(-11+s)/c
G=¢é,(E,+cBy) +¢é,(E,—cB,)+¢.E. Iy
G - - [ Bwyst= Gt/ a9
_ | . Poisson in
G.e, + Gye, = Vo + [p(z,y) — p(x,y = ba)],_,, - z=12 surface
t=(12+s)/c
V- (Grer + Gyey) =
5) Taking the divergence o B 9 _ )
this leads to a Poisson = %(EI +c¢By) + 3—(Ey —cB,)
equation. The driving term 19 5 Y
has to be taken at z=-I1 = ——F,——E,=V?p. (13)
and z=12 © ot 0z '
| |
rho
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https://accelconf.web.cern.ch/e06/PAPERS/WEPCH110.PDF

qWZ (iL‘, ya S) =

Scripting T e

t=(-11+s)/c
lo
Poisson equations are solved with PyPIC for each value of s, at / Bt 2.t =z 1a)jedz  (15)
x=xtest, y=ytest, z=-I1 and x=xtest, y=ytest, z=I2 = Poisson in
+ [p(z,y) — p(z,y = b2)]z=l2 : z=12 surface
# PyPIC function to declare the implicit function for the conductors (this acts as BCs) e
PyPIC_chamber = poly.polyg cham_geom_object({'Vx"' : np.array([w_rect, -w_rect, -w_rect, w_rect]),
'Vy': np.array([h_rect, h_rect, -h_rect, -h_rect]),
'x_sem_ellip_insc' : ©.99*w_rect, #important to add this
'y_sem_ellip_insc' : 8.99*h_rect})
# solver object
picFD = PIC_FD.FiniteDifferences_Staircase_SquareGrid(chamb = PyPIC_chamber, Dh = dh, sparse_solver = 'PyKLU')
# define the left side of the laplacian (driving term rho = 1/c*dEz/dt-dEz/dz) EZ IS InterDOIated to matCh the
# rho = np.ones_like(picFD.rho) #test rho to check the solver. Rho needs d|menS|0nS between t and Z SO they
rho = Ez_dt[iz_11]-Ez_dt[it_11]/picmi.constants.c*np.ones_like(picFD.rho) #this rho is a constant evaluated can be added to Obtain rho

# solve the laplacian and obtain phi(e,e)
picFD.solve(rho = rho) #the dimensions are selected by pyPIC solver The der|Vat|VeS are Obtalned for eaCh Value Of Zk, tk’n
phi[n] = picFD.phi.copy()

#--- obtain the derivatives

for n in range(tot_nsteps-1):
Ez dt[k]= (Ez_interp[n+l, :] - Ez_interp[n, :])/dt
Ez_dz[k]= (Ez_interp[:, n+1] - Ez_interp[:, n])/dz
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qWZ (iL‘, ya S) =

Scripting T e

t=(-11+s)/c
Iy

The definite integral is solved for each - / E.(z,y,2,t = (2 +s)/c)dz  (15)
Zie, S - For e.ach pair s, z, the ipdex for the —l S—
time dimension has to be obtained B e

S #

# integral between -11 and 12 # e ’

L . o wems@ ¢ Allis added obtaining W (s;)

Define phi(x, y=bl)
#int(Ez(xtest, ytest, z, t=(s+z)/c))

#

# Phis indexes go from x(-w_rect,w_rect) and y(-h_rect,h_rect)
for k in range(iz_11, iz_11): # x direction is gridded with (w_rect*2)/dh + 1@ ghost cells

#

#

it=in‘t(((z[k]+s[n])/c-t[a])/dt) y direction is gridded with (h_rect*2)/dh + 8 ghost cells

. . . . +info see: class PyPIC_Scatter_Gather(object):
integral=integral+(Ez_interp[k, it])*dz

iy_bl=int((bl-picFD.bias_y)/dh)
iy_b2=int((b2-picFD.bias_y)/dh)
ixtest_phi=int((xtest-picFD.bias_y)/dh)
ixtest_phi=int((ytest-picFD.bias_y)/dh)

phi_bl=phi(ixtest_phi, iy_b1, n) #phi(x=0, y=bl, s[n])
phi_b2=phi(ixtest_phi, iy_bl, n) #phi(x=0, y=bl, s[n])

Wake_potential[n]=(phi_bl-phi[ixtest_phi, iytest_phi])-integral-(phi[ixtest_phi, iytest_phi]-phi_b2)
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S vector? -
* What resolution and length can the s

vector have?

0.00 1

« How is the wake length related to the
number of timesteps? -

0.03 1

4.00 2

. F "
W.(2.9.8) = = f E.(wy, 2t = (= + 5)/c)dz |

— 0 0.03 1]

0.00 1

0.06

0.03 1

0.00 1
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CST study of wakelength and n° of timesteps

The aim of these simulations was to obtain the relation between
mesh cells, number of timesteps and s vector resolution

Cube cavity surrounded by PEC.:

LOGFILE

" TOtaI Iength: 100 mm Number of mesh cells: 277020
I . Excitation duration: 6.50460411e-001 ns
- CaVIty length 30 mm Calculation time for excitation: 0 s
= Pipe width: 15 mm Number of calculated pulse widths: 1.3386
. . . Simulated number of time steps: 450
= Cavity width: 50 mm Maximum number of time steps: 450
— Time step width:
NX 55’ without subcycles: 1.93490105e-003 ns
Ny=55,
Nz=96
. ~ (ncells = 277020) --> Ah=1 mm e
EE S i T i i L
Background PEC extended 2.5 mmin x & y s
Resonance at ~4.3 GHz o
G
Beam excitation: o
Sigmat=Y4 ns —> sigmaz=18.73 mm

Excitation duration: 6.50460411e-001 ns
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CST study of wavelength and n° of timesteps

Wakelength=1 --> nsteps=450,
dt=1.93490105e-003 ns,

Npulse=1.3386 (t=sigmat*npulse) : S
Length S:279 (277 negative ValueS) ................................................................. - S S S |

Wakelength = 10 --> nsteps=465,
dt=1.93490105e-003 ns,

Npulse=1.38322

Length s=294 (277 negative values)

10 Rt Partide Besrme Partbleam iWake poterid

Wakelength = 100 --> nsteps=620,
dt=1.93490105e-003 ns,

Npulse=1.84429 : N

Length s=450 (277 negative values) - N A R E—
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CST study of wavelength and n° of timesteps

1D Resuts\Partcle Beams\PartickBeam1 Wake potentisl

Wakelength = 1000 --> nsteps=2172, o Vo Al o o o g =
dt=1.93490105e-003 ns, IR
Npulse=6.46097 . / l’N ERRREN "l BN | | z,‘ l; T | ".‘ N
Length s=2001 (277 negative values) N i‘l | ‘.‘ ] :r‘ j | ,: ] \ II ! | '\‘ HEBRERE
M‘u‘ .‘: ‘I‘. jl \ j’ ‘[ .‘! M‘ " 1 If | “‘ W'! | ‘L j" ! ;‘ ‘\ I‘I If | :ff

M’ !\‘I """""" tf' ]‘f’ "'\k’l"l‘”” \iJ \ ) Hf H f "‘I‘.‘x';r' I
Wakelength = 10000 --> nsteps=17687, . | L | AR E|| |'é MR =
dt=1.93490105€-003 ns, QY M “ |
Npulse=52.6129 . | Jm ‘M I |
Length s=17518 (277 negative values) : ‘ *M‘* w“\‘ ““'

;;;--- A
I | | U
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Box resonator (I)

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

Relative frequency error

x 1070 Freq(h) — Freqg*
80 Err(h) = q(h) q
& 1_0 Freg*
Freq(h) is the estimated frequency with h = Ax = Ay = Az = and Freq™ is the
40 05 analytic frequency.
all Relative f
/g o1 elative frequency error
E 0 0.0
< M
—20 10—2_
-0.5
—40
1073
—60 ~1.0
—8080 —60 —40 —20 0 20 40 60 80 10-4
y (cm)
107>+
Source: Lorenzo’s presentation 0.00625 0.01250 0.02500 0.05000 0.10000
h=dx=dy=dz [m]
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https://indico.cern.ch/event/1066781/contributions/4485735/attachments/2314276/3941205/Simulations_of_e_cloud_build_up_in_RF_devices.pdf

Source: Darmstadt thesis “Investigating Finite Volume Time

B oxreson at Or (I I) Domain Methods in Computational Electromagnetics”

Objective 2: study the energy dissipation of FVTD

1 mrorn —_— ni - _ jwe nm o mn nm pT
E (x,y,2) = WTPTEO cos (Tx) sin (Ty) sin (pjz) He(x.y.2) = y? + k2 TEO ST )BT
Y -
—1 nmpm . mrm nm . [pT _ TJwe mn mm . nt pm
Ey (x, _y,z) = WTTEO sin (TX) cos (?y) sin (TZ) Hy (X, Y, ZJ = ‘)/2 T 2 TEO cos (T.X') sin (Ty) Ccos (T.‘Z)
E,(x,y,2) = Egsin (Ex) sin (%y) cos (Ez) H, (x,y,z) = 0
a c

R —
e —

[\ /\ Energy decay at
/\ [\ cavity center:
1

1 T
|
) | [\ /\ ”LL32560|E‘2.
05 S 0.25 /\ f(t)=age *sin(wt + 6)

- —— FVTD 11 HEX —— FVTD 11 HEX
—— FVTD 22 GCC HEX — FVTD 22 GCC HEX
——— FVTD 22 GFC HEX —— FVTD 22 GFC HEX
>y
| L7 U P A T A1

E./V/m

Normalized Electric Field Energy
o
(9]

55.5

0 55.5 0
Time / ns

Time / ns



https://tuprints.ulb.tu-darmstadt.de/1915/2/Chakrapani_Bommaraju_Doctoral_Thesis.pdf

EMcLaw simulations set up

Inputs: defining domain, n° cells, simulation time  Prob.f90: initializing Bx, By, Bz field

INPUTS TO MAIN PROGRAM

max_step =_QGGG if " I ( (z) 0.5)
stop_time = 10 0. 5) ) then

em.is_D wave = 0 # 1 for D-wave and 0 for B-wave (2D)

# PROBLEM SIZE & GEOMETRY --- resonatlng magnetlc field :‘
%ﬁigecztr:yz.lz_germdlc # g g}rﬂl for absorbing boundary conditions em(i,j,k,4 2.0d0 h_2 (n*PI/Ly)
(x-Lx/2.0d0))
(y-Ly/2.0d0))
(z-Lz/2.0d0) )*MUB
& 2.0d0/h_2*(m*PI/Ly)*(p*PI

(

(

(

hi bc =222 PI
metallic_walls = 1 # 1 if you want metallic walls
# select the places with metallic walls (if metallic_walls = 1) P]
# the field parallel to the wall must be 1 and the others -1 P]
lo_becDx = 1 -1 -1

beDx = 1 -

1 -1

= °1

1 PI
1

# the field lel to the wall must be -1 and the others 1 PI

lo bcBx = 1
hi becBx = 1
lo bcBy =

para

1
i 1 S
| 1
hi bcBy 1 PI
lo _bcBz 1
hi bcBz 1

PI

1
1
1
1

geometry.coord_sys # 0 => cart
geometry.prob lo
geometry.prob_hi
amr.n_cell

# number of cells per dimension

em.cfl

# TIME STEP CONTROL
em.do_reflux =

0. # cfl number for hyperbolic system
[¢] # reflux

# VERBOSITY

em.v # verbosity in EM

amr.v 1 # verbosity in Amr
#amr.grid_log = grdlog # name of grid logging file

# REFINEMENT / REGRIDDING
amr.max_level =0 # maximum level number allowed
amr.ref_ratio 2 2 2 2 # refinement ratio

rn I3iilimemee, Same equations used in the WarpX test

C\E/RW Nov 15, 2021 EMWSD 20



EMcLaw simulations set up

Metallic_materials_rd.f90: changing the if sentences to impose material relations (in this case, PEC)

ic materials
( ob 1o, lo, hi, &
uout, uo lo, uo hi, &
dx, nGhost, nComp, Dwav bind(C, name="fill metallic materials"

) :: lo(3), hi(3), nGhost, nComp, Dwave
o lo(3), uwo hi(3)
( i prob lo(3), dx(3)
) :: uout(uo lo(l):uo hi(l),uo lo(2):uo hi(2),uo lo(3):uo hi(3),0:nComp-1)

do k 1o(3), 3
prob lo(3 (
if((z 1.0)

do j lo(2), hi(2
prob lo(2
if((y 1.0)
do i lo(l), hi(l
prob lo(1l (
if((x 1.0)

uout(i,j,.k,0

uwout(i,j, k,

Seems to be some issue with the material
properties defined in the DEFINES.H, and
the routines in ep_mu_3d.fo90

Already contacted Eduardo to look at this
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First simulations

DB: Header
DB: Header o g
Sycle o Time:0 Bz Cycle: 0 l’lme.oo :
c:aygzooolor s:::gzooolo:
> 00973 09973
0.6
—0.4985
— 0,498
2.28%-00 0.4
o 0.2
7 “w
“w Mm:uw;g3 o
P Min: 0.5973 % 0.0
Min: 0.9973 < D
' >
>
-0.2
-0.4
-0.6
-0.8
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 Z-Axis

Z-Axis

Material definition is not working correctly.
Also, initial conditions need to be checked
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Next steps

= 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

= |s the Napoly alogorithm needed?

C\E{W Nov 15, 2021
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https://journals.aps.org/prab/pdf/10.1103/PhysRevSTAB.9.102002




Plots of the wakelength vs timestep study

Timesteps vs wakelength s (source-test particle distance)

100000 100000

10000 10000
5 5
g7 ©
g 1000 2 1000
= o— %]
5 S -
8 100 g 100
E e
S _ e
b —@— Timesteps ——s

10 10

—8— Timesteps corrected —8—s corrected

1 10 100 1000 10000
Wakelength

1 10 100 1000 10000
Wakelength
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