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Beam coupling impedance

x Electromagnetic (EMyakefieldsare generated as thparticle beantraverses digcgntinuities
inthegeometryd O @A G A S&Z ( NecyoinagiekicZoyopeXi@riBINI (0 K S
Accelerator device

Passing
beamcurrent

Change in 3
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electromagnetic
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Beam coupling impedance

x Electromagnetic (EMyakefieldsare generated as thparticle beantraverses discontinuities
inthegeometryd OF @A G A S&azx O NécyoindgieicZoyo@eXiesriBNI ( K S
Accelerator device Beaminduced EM wakefields

Passing
beamcurrent

>
Changein - \ ch _
geometry angein
electromagnetic ABS E field [Vim]
propertles -,'\i 0.00 125. ) 250. 375. | 500.

~

-h h,

Thebeam-coupling impedancen "Q is a frequencydependent property of each

accelerator device, used tpdzl YGATFe (GKS 4 1STFASEt RAC
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Beam coupling impedance (lI)
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[1] SPS BW&0.18429/JACOVIPAC2024VEPG29

Beam CO u p I i n g i m ped an Ce (I I) [2] LHC WVML0.1103/PhysRevAccelBeams.28.041001

x Wakefieldscan generatdbeam instabilitieandbeaminduced heatinghat can pose
limitationsto the acceleration operation and performance

4 \

o Gather main accelerator impedance sources 0 Optimize desigand findmitigationsfor

N7

individual accelerator components

5 Ferrites

e.g., SPS BWS faillite

e (2023)
Topredictbeam dynamicge.g., tune shiftsand Mee* U RF coupler
instabilities(e.g., Headail mode 0, TMCI) o 4 '
Transverse Intensity losses i
%108 position growth %1010 4
_ § e.g., LHC
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E £ ] modules failuré
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https://doi.org/10.18429/JACoW-IPAC2024-WEPG29
https://doi.org/10.1103/PhysRevAccelBeams.28.041001

How to compute beam -coupling impedance?

Analytical Beamcoupling impedance can be derived analyticallysionple
calculations geometries and material configuratiofis

e.g., cylindrical pillbox cavities, pipe transitions, sidgler resistive wall

Numeric_al ) For complex accelerator devices, requires tiunerical solution
computations 2F al EgStfQa Sldza A2y a

o Frequency domain: o Time domain:

Source
particle

S— 3Dfull-wave electromagnetic simulatiomscluding

o o
i ImpedanceWake2® for multi- losses and beam excitatiéh closest to reality!

layered 2D vacuum chambers _ _
U Onlyclosed source/commerciatodes available:

| [1] N.Mounetet. al, _ _ _
Y, | https://gitlab.cern.ch/IRIS/IW2D CST® Wakefield soly&CE3P, ABCIxissymmetric)

Gdfidl®, PBCECHO4MD3D, moving window)

U CommercialCST® Eigenmode solf@r
lossless resonant modes of 3D structures Input 2 Output

_ _ V Wellestablished & robust
[1] L.Palumbq V.G. VaccardVakefields and impedance .
10.5170/CERN995006.331 x  Flexible / extendable

CERN
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https://gitlab.cern.ch/IRIS/IW2D
http://dx.doi.org/10.5170/CERN-1995-006.331
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Beam-coupling impedance challenges

FUTURE (N )
CIRCULAR A
COLLIDER N~
International
} \UON Collider
Collaboration
Fields excited above Slowlv decavin Impedance n
>>pine cutoff y decaying matter
\ pipe cuto , X wakefields
Y } v / :
Absorbing ?oundary Simulations with  Simulation length & I\/Ic?del & correction of Simulations \f\n'th'
conditions, very short bunches stability direct space charge non-ultrarelativistic
element crosstalk | Y ) Z impedance (low ) beams
Y
Dense meshes . Y /
>1000 M cells @ Physics models development 1) E
4 B

x Need ofad-hocfeatures and development® tackle impedance
challenges beyond the current available solver capabilities

A Mainmotivationfor anextendableand performantopen-source solver
- /

CERN



@ Goal: open-source Wakefield solver

x Wakefield solverfull-wave electromagnetic simulatiore§ beamcoupling impedance,
including material losses and beam excitattortlosest to reality!

Boundary Beam

Materials conditions source
CAD geometry CAD import EM time Impedance
modelling and Mesher domain solver calculation

—— Re(Z)

—— Imag(Z)

2000

1000}

Zy 19

0

—1000}

0.75

f ABS E field [V/m] 0.00 0.25 0.50
/ — =] f [GHz|

Code architecture & maintenanceGgl?uh
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(@) Goal: open-source Wakefield solver (1)

7

x Wakefield solverfull-wave electromagnetic simulatiore§ beamcoupling impedance,
including material losses and beam excitatiortlosest to reality!

o Explored the different available optiomsos/ consand desired features

X N
. N [
S 5 & \i Nl O &
e e‘}&‘\ \{\{\‘Q" & & e a &2 é%'\ d,‘§ é@q" é‘\&
N <& & N¥ Q% \)@ & Qg' > & < <&
oY ° & L & < o° & § L * 3
é\ o q§ N & & L o

CST Wakefield -----------
cafidl NN T [ . —
echoap [N N e ———
warpx [ I I R N
eveaw T TN .

- Yes - No Partially

0 CST® Wakefield agtfidl®: commercial
o0 ECHOA4Dnttps://echo4d.d€ by I.Zargodonov

0 WarpX: an advanced PRDTD codattps://github.com/BLASTWarpX/warpxoy " BERKELEY LAB

0 EMCLAW: unsplit Godunov solgtps://doi.org/10.1016/j.cpc2020.107268by )})@”:N-GV
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https://echo4d.de/
https://github.com/BLAST-WarpX/warpx
https://doi.org/10.1016/j.cpc.2020.107268

The Wakis project evolution

Explore computational
feasibility ofFinite Integration
Technique (FIT) in Python

Tool for computation of
impedancegrom pre-computed
fieldsusing other EM solvers

reached maturity as a
Wakefield solvewith a
growing communityl

. 2CA:+ g
renvent he $ b impedancel |, p
J Coupling withopensource _ _ )
% PIGFDTD solvewarpX H wakis | puslc
3D electromagnetic time-domain solver,
BenChmarkedbSS|eSS specialized in wake potential and beam-coupling
p|”bOX CaVityoe|0W CutOffZ] impedance computation for particle accelerators
@rython w33 Y13 19 4 GitHub
@‘ [1] E. de la Fuente, ABRIM:
OHB 9@ RS f I Cdz510.6i8820/IRCONPAQRG2AVERLL7D /| QH 0 Y 13
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https://indico.cern.ch/event/1154158/
https://doi.org/10.18429/JACoW-IPAC2023-WEPL170
https://github.com/BLAST-WarpX/warpx

(@) Goal: open-source Wakefield solver (Ill)

x Wakefield solverfull-wave electromagnetic simulatiored beamcoupling impedance,
including material losses and beam excitatiortlosest to reality!

o Explored the different available optiomsos/ consand desired features

X 5
@Qé & o c\‘éb Qo
. A . (2 2
e ,@\\ <\\<’0 C,Qa" %‘Q; e 'b‘\ q\%k- %'\0 ‘3\'&\% QQO ‘\é)
& ¢ S o < & N e & & D &
N & & N R\ N N & Q & & &
By ° < o & § © & & & & N
¥ N fz§ 2 S K L S

CST Wakefield -----------
cafic. NI T .
MOE B | B |
warpx [ L] [ N I
eveaw TN BT BT

I IR N N D N oo

Work'in progress  Next priority o ves N no Partially

o Thanks to thepensource Wakis offerdlexibility, extendibility and transparency

wakis
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Long story

EM time
domain solver

short é

x SolvetmeR2 Y I A Y

|_|—th T—OtQ=
7 1 QI CT 5 >t§2=
| to=
rto= Z QO
m
roor |9 Eour

on each accelerator

e
Xwith a passing
v & (i NPegmcurrent

al E6 St Qax $djotehinifiguey of Meabit:

o0 Wake potentiain time-domain

i dpeam source path
i dibtegration path

— (G oo i) nﬂ Q (6o F o Fo Fo)
T | (0ohiho o i)
0 Beamcoupling impedancen frequencydomain
il ) (t)§(l)Q Qi
Q) Qi
w (()Q Qi
Ow() @ (,) ,
Lo w(Ha Qi

Deconvolutiorwith charge
line distribution_ i
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Finite Integration Technique (FIT)

EM time
domain solver

x Maxwell Equations (Integral form) L
1stapproximation

) ! ” ) Domain discretization
FtQi — 1= in cells3-03wW3
7 tQi

| to=

|'|'tQ=

rooro T 0
o)
SRR i i oL | x
Cr---OF=-,-----
/’Z
CERN [1] T. WeilandFinite Integration Techniqug

Z/ 10.1007/3540-552502_26

x Maxwell Grid Equatiot’d

Do o I Do

Sparse operators
Diagonal grid area® |
and lengthsi()
Material tensors
Fields as 1d arrays

17


https://doi.org/10.1007/3-540-55250-2_26

Finite Integration Technique (FIT) (I1)
x Maxwell Grid Equations x Leapfrogtime-stepping
2nd approximation 4 I' I' h
Timeevolution in | « 8
timestepsa0 WOrv H = fm
1A A A “ R
1 0 30O .l I
WEv £ M= F
I S Al 8

Divergence equations satisfied e grid'l: Symplectidield advance routine
T : €x.i,j k ;
-” T= 12211 ’ PR S
= L Madik e i
I-(— 8 £ ] e e

&;i? val Grido &t

Primal gridO O

CERN [1] K. YeeStaggered Grid 1

/) https://doi.org/10.1109/TAP.1966.1138693 18



FIT implementation in Python

EM time
domain solver

CERN

Symplectidield advance routine

WOrv! 1 - i

[] [] bl J_I J_I 8
. 7 w@v e = Fl
o
g‘ scipy.sparse N’:: NumPy @‘scipy Sparse
Operators Fields Materials
oho 00,00h0 0 W W
As[o0 ol ] As 1B 3D o0 As diagonal matricegt o0 ]
sparse matrix lexicographic arrays in encodinganisotropic tensors
NN, Ny customField class zdir, plane YZ
FJ_W lell
( Sl -~ ~N 1
0 +1 DN Ezx000 E, Lie 2 0
+1\\\ Eg'JNx-Ny-Nz ; -1
0 50 100
-1 0 i < ¥,0,0,0 \ E o
L | Y x-dir, plane YZ
Eyva:Ny:Nz 100
E I~ n
Z c
u 0 : ~100
0 50 100
nz
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EM time

Sources and boundary conditions

0 Sourcesand/or
initial conditions

F (C‘))Flﬂ oh L ¢

o Domain terminatiork
I’ Boundary conditions (BCs):

PEC, PMC, PeriodiQpen

\ v J

In Wakisgaussiar_\ wave packet, i Modify 6 with Perfect
plane wave, gaussian beam current operator Matched Layers
(PML)
C\ERN 20



Sources and boundary conditions

EM time
domain solver

0 Sourcesand/or
initial conditions

F ©Ohg @hL o

In Wakisgaussian wave packet,
plane wave, gaussian beam current

Example:Gaussian wave pack
with PEC versus PNboundary
conditions in the longitudinal z
direction

Haps field, timestep=0

'-:I"Uakis HAbs(x,a,z) a=0.0

3

BJ

10-8

o Domain terminatiork
I’ Boundary conditions (BCs):

PEC, PMC, PeriodiQpen

\ v J \ )

Modify 0 with Perfect
operator Matched Layers
(PML)

Haps field, timestep=0

Wakis HAbs(x,a,z) a=0.0
4 10¢

L

kJ

[

4 PML
layers

10-6
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CAD geometry

Geometry modelling and visualization

x 3D visualization, geometry manipulation, CAD imporéing meshing are
built on the opensource, VTHased packagd?yVista

o Constructive Solid Geometry (C®@hciples:

o Parse CAD geomettyg STL and import / +

o Generatecomputational structured grid

o . . cavity=pv.Cylindefradius=5, height=100) + pv.Cylindefradius=50,
o0 Builtin interactive 3D plotting: height=30)

=] Pyvista =Emx] i
gridinspecfadd_stFall") solverinspec)

wakis

(@] Integration path

] Allon (] Beam

[] Body
Fingers
Transition tube

|1 Spring

ol 5,
@‘ [1] Sullivan, C., & Kaszynski, A. (20@Yista
% https://doi.org/10.21105/j0ss.01450 23




CAD import

Allocating material properties i

x UsingVTK collision filtefd, Wakis marks the computationatlls inside the CAD
geometry solid andassigns the material propertiecordingly, e.g.:

gridplot_stl_maskshell) Permittivity , Conductivity! ¢
Field z, plane YZ 1411 Field x, plane YZ  [S/m]
1 7T 100
shell
g 1.0 . E\ 50 - .
S , . -1 0 : ~100
o 0 50 100 0 >0 100
.-9 0.6 nz nz /
L Field z, plane XYje11 Field x, plane XY [S/m]
= 00 1o 100 100
% 0.4 .
= 807 0.5 807 50
© 57 60 60
= z 0.0 > 0
= 40 4 40
@ -0.5 _
O oo 20 20 50
0 : -1.0 0 -100
0 50 100 0 50 100
nx nx

o This method allows foBubpixel Smoothird of material properties
A avoidstaircased effects anfdlsePECellsusing effective
material according teolumetric fractions

Volumetric cell
fractions inside solid

CERN 24


https://doi.org/10.1145/237170.237244
https://doi.org/10.1364/OL.31.002972

Results & benchmarking

x  Benchmarking campaigionducted on aossy Pillbox cavity

o Ultra-relativisticheam source
r'] & ( )

S

0 Shellconductivity, p mT3mM

”‘.Fi‘| "|(‘f~? e Ff?‘)

Wake potential Impedance
i ' | ] 3000 ' '
0.10 — g’saéﬂs —— Re(Z) Wakis
L 2000F ==~ Re(Z) CST
@) 0.05 —— TImag(Z) Wakis
@ —
\>\ 0.00k =] 1000L Imag(Z) CST
— N
= .05 0
_0.10k —1000} :
0 2000 4000 6000 0.00 025 050 075
s [cm] f [GHz|

CERN
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Results & benchmarking (I1) presented afIPAC25

x  Benchmarking campaigronducted on aossy Pillbox cavity

0 Usingnon ultra-relativisticboeam source (. LG
G & simou 3D Efield distribution

r'if & ( ) CST STUDIO SUITE »

300

I'Lbﬁ"l " (I“-P F[b Fﬂ)

150
PEC cavity -
S0
Benchmark 006 0
Wakis B=1.0 P ;
| ; -100
5000 1 Wakis B =0.8 i o :
§ Wakis B=0.6 ! ] o :
E il Ty
< 40001 ___ _ _ WAPSH -
v CSTB=0.8 p =06 | =1 -
2 -== CSTB=0.6 Al il
§ 77N ! N
g 3000 1 g ”':»
£ s e kis
E ’// hi l:‘
£ 2000 - L A
o ! . .
E - p =038 i |,‘|\l RGOy
g ,,’ —_ . ", . h |¢',‘~‘
S 1000 L RPN S ¥ J)‘-‘i. i
- e b et o
//’ ———————— K ‘\_,‘ i |ll'| I:.' |]{;\1 Ry
/// ————————————— PR, \; v ‘l' !' : |‘ |-l;; Y
0 {SF= "

00 02 04 06 08 10 12 14 16
f [GHz]

Benchmark®01- 013 publicly available:

@ *Many thanks to E. Macchia
o9 ImpedanCEWakisbenchmarks 26



https://github.com/ImpedanCEI/wakis-benchmarks

Results & benchmarking (l11) presented afIPAC25

x  Benchmarking campaigronducted on aossy Pillbox cavity

A& s 16-core CPU
Z CgTSTUDIO sute p K HAQ @ Qz&M cells
N 1 Tesla T4 GPU

wakis pc Q xBifaster) Peak memory
8 Gb

For differentconductivities,

Wake potential Impedance
UL 15000 1 rrrrrrrrrrrrrrrrr I'
0.4 1
[ 10*
0.2 _ :
) S 10000 - :
S o 0 A T |
= 09 < 052 055  0.58]
= 0.2 < 5000 | I
' 1 N - pipe
—0.4 e Wakis === CST =10 S/m el :
we=Wakis ===CST o¢=10"S/m | 0
_0.6 L 1 L | L L 1 1 " 1 | L " " 1 L 1 L PR ST R S [ TR T ST SN (N ST SN SN SN T N ST ST S N SN SN S S N S T S
0 20 40 60 80 100 0.0 0.5 1.0 1.5 2.0 2.5 3.0
s [m] f[GHz] .
Using PML BC:
: *Higher conductivities require
@\ SIBC approximatiom(progres$R #4p 27


https://github.com/ImpedanCEI/wakis/pull/46

Impedance

Wakefield extrapolation

x  Wakefield simulationshallenge slowly decaying wakes foigh conductors

Solved byDDEFIX: Aphysicsinformed differential evolutiorpackage tdit and extrgpolate
analyticallypartially decayed simulations using thessonator formalisni! {"ORY 1D }

—— Wakis wl=30 m 50001 —— Wakis wl=30 m
02} —-—--- DE fitting i —---- DE fitting
&) Wakis wl=100 m extrapolation o == Wakis extrapolated
= = 40001 1
Z. 2
= 01f <
= o
g 2 3000}
] <
& 0.0 2
v/ =%
E =
B = 2000}
ER £
E E
& %" 1000 f
s -02r W e.g., case of Coppedp mS/m 1 3
A Fullydecayed (60dB): 6.5 km47h
_osl | A (-10 dB) extrapolationsh ] or
0 20 40 60 80 100 0.0 0.5 1.0 1.5 2.0
s [m] f |GHz]

o IDDEFIX key advantagenpedance described analyticallyless of resonances
{"ChY '} : Mode-by-mode power losganalysis& acc. impedance modéexibility

CERN [1]'S. JolyPhD thesislink IDDEFIX was developed in collaboration

) with S. Joly and M. Raschke

28


https://hdl.handle.net/11573/1718791

GPU/CPU acceleration e

x  To tackle present & future impedancaallenges s mpiexec n 4 python myscript.py

Dense meshes Simulation length &
> 1000 M cells @ stability Core 0 Core 1 Core 2
- - . “ G -
numerical implementation can run on: or ’

> mpiexec --mca opal_cuda_support 1 -n 4 python myscript.py

CPU multthread with numpy/scipy MKL backend
Single GPwith cupy/ cupyx

Multi-CPUcoreswith mpidpy & ipyparallel
Multi-GPUnodes withmpi4py- CUDA, ipyparallel

X N o Field x, plane YZ . w Field x, plane YZ » © Field x, plane YZ w
0 N s o N o » ,
2,
+ Simulations in double FP64 (default) asdgle precision FP32 = : o L s
0 o fhh o N l,m * -
T ) oow - "9 RS - °s S ™
8

e.g., 20M cells, 4Gb, 560 it/s witip.float32

A ¥ memoryx2speedup CPW200n TeslaT4, with MPI strategylongi_tudinal domain splitting in z+
precision error accumulationp Tt communicated by ghost cells

GPU GPU GPU GPU
Core 0 Core 1l Core 2 Core 3

©o O O O

NVIDIA. NVIDIA. NVIDIA. NVIDIA.

72



Results & benchmarking (V)

x  BenchmarlO011 of the transverse dipolar
impedanced with the LHC bellow

Fully parametrized in python:

o Simulation of the dipolar X impedance
displacing théseam source

ol

@)

72

*50 Aas handson example
for CAS in Bulgariaith CST®

® Integration path
® Beam source path

Transverse wake potential X [V/pC]

Transverse impedance X [Re/Im][€2]

T T — 7T v T T T T T ]
= WPx Wakis 1
0.08 - --- WPxCST |
0.06 .
- Result using
- singleprecision |
0.04 -
. np.float32
0.02 + .
0.00 [ 1 —-_--I ] ] ]
0 2 4 6 8 10
s [m]
60 ——— T T T —r T ]
Re(Zx) CST ]
50 === Im(Zx) CST 1]
= Re(Zx) Wakis 1
40 — = Im(Zx) Wakis ]
30 :
20 T OA e R KA S R e RN S R e ST - ‘H.‘_?
10 .
0
o e e ]
0.0 0.5 1.0 1.5 2.0 2.5 3.0
f [GHz]

Benchmark®901- 013 publicly available:
ImpedanCEWakisbenchmarks

30


https://indico.cern.ch/event/1466612/contributions/6449159/
https://github.com/ImpedanCEI/wakis-benchmarks
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ImpedanCEl overview

ImpedanCEl
’ A 14 followers () Switzerland

Pinned Customize pins

B wakis Public

3D electromagnetic time-domain solver,
specialized in wake potential and beam-
coupling impedance computation for particle
accelerators

@rython W35 ¥ 14

] IDDEFIX Public

IDDEFIX is a physics-informed evolutionary
optimization framework that fits a resonator-
based model (parameterized by R, f, Q) to
wakefield simulation data.

@rython w4 %1

B fcc_ee_pywit_model = Public

Collimators I/W model of the Future Circular
Collider (FCQ)

@ Jupyter Notebook Y¢2 %1

B BIHC  Public

Beam Induced Heating Computation (BIHC)
tool allows the estimation of the dissipated
power due to the passage of a particle beam
inside an accelerator component

@ Python w4 %4

B neffint  Public
Forked from neffint/neffint

A python package for computing fourier
integrals using a method based on Filon's rule
with non-equidistant grid spacing.

@Python  Y¥1

B fcc_ee IW_model  Public

Impedance/Wake model of the Future Circular
Collider (FCC)

@ Jupyter Notebook w2

® View as: Public ~

You are viewing the README and
pinned repositories as a public user.

You can create a README file visible to
anyone.

Get started with tasks that most
successful organizations complete.

Discussions

Set up discussions to engage
with your community!

Turn on discussions

People

J;“Qll
@ue:ﬁ.r:l"l
S0




Wakis GitHub overview

Check the repository
@ImpedanCEl/wakis

14 wakis Public

AutoDocumentation
with Sphinx

B github

W docs

CPUGPUMPI
Simulationexamples -
and notebooks N> ::

qHQ (2 HA| 4.

N |g htly teStS —lp [ gitattributes

[ .gitignore

Opensourcecode ~~* | [ cmnond

[) CODE_OF_CONDUCT

ACtI onsan d /‘ [ CONTRIBUTING.md
LICENSE

CI/CD pipelines

B examples

MANIFEST.in

7~

O

Agile CI/CD

README.md
SECURITY.md
pyproject.toml
readthedocs.yml
release.md
release.sh

requirements.txt

0D OO O D DO DO DO DO D

setup.py

S Edit Pins ~ ® Unwatch 1~ % Fork 13 - Starred 34 v

¥ main ~ ¥ 9Branches © 6 Tags Q Go to file t + & About

3D electromagnetic time-domain solver,

e elenafuengar feature: add new method inspect to SolverFIT3D to interacti @ v ec75ae5-lastweek O

feature: add new method inspect to SolverFIT3D to int...
docs: added multithreading documentation to intallati...
Allow saving and loading the 3D grid to and from an ...
feature: add new method inspect to SolverFIT3D to int...
feature: add new method inspect to SolverFIT3D to int...
feature: add new method inspect to SolverFIT3D to int...
remove .sh from language statistics

feature: add new method inspect to SolverFIT3D to int...

[0 README & Code of conduct ~ Ax Contributing &3 License &8 Security

\
\
\
\

wakis

Open-source Wake and Impedance Solver

nightly_tests_ CPU_python10 'passing
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Coding practices
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@ » O Overview View page source

Welcome to wakis documentation
wakis: 3D Time-domain Wake and Impedance Solver

wakis is a 3D Time-domain Electromagnetic solver that solves the Integral form of Maxwell’s
equations using the Finite Integration Technique (FIT) numerical method. It computes the
longitudinal and transverse wake potential and beam-coupling impedance from the simulated
electric and magnetic fields. It is hence focused on simulations for particle accelerator components,
but it is also a multi-purpose solver; capable of simulating planewaves interaction with nano-
structures, optical diffraction, and much more!

#" Some of wakis features:

Wake potential and impedance calculations for particle beams with different relativistic 3

Material tensors: permittivity €, permeability p, conductivity o. Possibility of anisotropy.
CAD geometry importer ( s1. & ster format) for definition of embedded boundaries and

material regions, based on pyvista

Boundary conditions: PEC, PMC, Periodic, ABC-FOEXTRAP, Perfect Matched Layers (PML)
Different time-domain sources: particle beam, planewave, gaussian wavepacket

100% python, fully exposed API (material tensors, fields E, H, J). Matrix operators based on

numpy and scipy.sparse routines ensure fast calculations.
1d, 2d, 3d built-in plotting on-the-fly
Optimized memory consumption

GPU acceleration using cupy/cupyx
« CUDA-aware MPI parallelization with mpiapy and ipyparallel coming soon!

Other complementary tools in the ecosystem: |

Beam-induced heating estimation due to impedance with binc

The source code is available in the wakis GitHub repository.

] Sy

Wakefield extrapolation with PIML iddefix evolutionary algorithms P
Non-equidistant Filon Fourier integration with neffint Q j

@)
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Coding practices (ll)

x  Test suitecomposed oB9 endto-end and unit testhosted on GitHub
@. workflow pipelines:

0 Full suiteruns nightlyon CPU and MP&PU selhosted)

Nightly and .
on-p%ll-ryequest 0 Selected testsun on active PuWRequest update:
tested A protects andverifies contributiondo main branchautomatically

I% Implement SIBC (Leontovich boundary condition) for good conductors v/ = enhancement

#46 opened last week by elenafuengar = Review required () 2 of 4 tasks C:D Accurate represe...

All checks have passed

3 successful checks
v CodeQL - Code Quality / Analyze (python) (dynamic) Successful in 59s
v [@) pull_request_CPU_python11 / run_tests (pull_request) Successful in 7m

v (@) pull_request_tests_MPI_python10 / run_tests (pull_request) Successful in 4m
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Wakis community pulse

Community interest

x Wakis communityis growing by the day
o Several institutes have shown interest in the projéct HZB...... (&) Brookhaver
Zentrum Berlin National Labaratary
o Participation througlhGitHub issues/pull requests SULEIL
SYNCHROTRON ﬁ
CIN

QOverview @ users q
. ))) :@2 | F N = GV Elettra Sincrotrone Trieste

ISSUES/PR aCtiVily eo—— c— ——
over the paSt 10 Active pull requests 9 Active issues

month
=6 4 ©4 ©s5
Merged pull Open pull Closed New issues
requests requests issues
Traffic in the clonesin last 14 days cee IR Unique cloners in last 14 days SR
223 Clones 91 Unique cloners
last 14 days
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Wakis community pulse

x Wakis communityis growing by the day Community interest
o Several institutes have shown interest in the projéct HZB...... (&) Brookhaven

Zentrum Berlin National Labaratary

o Participation throughsitHub issues/pull requests SULFEIL

. . . SYNCHROTRON ’
o Creation of for open discussions G X
@ users q
. D)?};\-’WFN'GV Elettra Sincrotrone Trieste

2nd Wakis user meeting

e Wednesday Apr 2, 2025, 200PM —

#3 Wakis user meeting
[ Wednesday Nov 26, 2025, 400PM — 5:00PM Europe/Zurich
9 6/2-008 (CERN)

9@ 6/2-008 (CERN)

A2 Elena De La Fuente Garcia

Description Wake and Impedance Solver us

Description Wake and Impedance Solver user meeting

This meeting aims 1o be a fora |
This meeting aims to be a fora where to exchange ideas, provide feedback, and explore how Wakis can best support our collective research efforts

Wakis GitHub page
— 2:20PM Latest updates and develo|

Speaker: Elena De La Fuente {

LRVl — 410PM  Latest updates and developments (10') Oim @&~
WAM2_EFG.pdf e WAN Speaker: Elena De La Fuente Garcia
[3 WAM3_EFGpdf [ WAM3_EFG.pptx

Speaker. Bernardo Abreu Figy Ll ) — 4:30PM  Contribution: adapting PML boundaries for ductive materials (10'+10)

Contribution_CMAE. < Speaker: David Amorim

@
1)
4

¢] 2025-11-26_amori

m — 230PM Contribution: CMA-ES evol

— 240 PM User-case: using IDDEFIX {
Speaker: Leonardo Sito m — 4:50PM Contribution: 2 counter-rotating beam simulation and freq y-domain field itors (10'+10) (¢} =z~

Speaker: Elleanor Lamb

DDEFIX@WAKIS_2 3
A wakis_comm_3.pdf

m — 2:50PM AOBs and closing remarks

(]
8
«

m - 5:00PM AOBs and closing remarks

Speaker: Antonia Huber

[A SmartMeshpdf [8 SmartMesh.pdf s) SmartMesh.pptx
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Users and applications

x  Simulation of theshortrange wakeanside theMuon Collider cavities

Beryllium o Nonultrarrelativisticregimel & ) w
windows o Particle beam goes throudgbe Windows
o Nonuniform materialnear open boundaries

Challenging to
simulate in CST®

Longitudinal wake potential

1 T T T T T T
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——— Wakis PML
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Added spacéor boundaries
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