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SLAC Advanced Computations Group

l 1998 DOE “Grand Challenge”
l“Develop advanced tools for high fidelity modelling of 

large, complex, accelerator structures

l Aim to allow for “virtual prototyping”
¡Parallel, finite-element, high res, high accuracy

l ACE3P
• “Advanced Computational Electromagnetics 3D Parallel”

lCavity design
lWakefields
lDark current & multipacting
lMulti-physics (RF, thermal, mechanical)



ACE3P code suite
Module Name Description

Frequency 
Domain

Omega3P Eigen-solver for 
resonant modes

S3P S-Parameters

Time Domain
Pic3P PIC code for space-

charge dominated 
devices

Track3P Particle tracking for 
multipacting & dark 
current

Multi-physics TEM3P EM, thermal, 
mechanical



Code Workshop at SLAC





Omega3P



The LARGEST problem for time-domain analysis
80 million-element mesh, ~500 million DOFs, 4096 CPUs (Jaguar), 4 seconds per time-step.

Frequency domain solve - 3 million-element mesh, ~20 million DOFs, 1024 CPUs (Seaborg), 
300 GB memory, 1 hour per mode.

ILC cryomodule of 8 superconducting RF 
cavities

Expanded views of input and HOM couplers

Fields in beam frame moving at speed of light
T3P

T3P



Building a Cavity – Cubit (Sandia Lab)



Early Results



Early Results



Early Results



Tuning Cavity Errors
Each cell 

stretched by 2mm



Tuning Cavity Errors

Accelerating mode:
R/Q almost entirely 

insensitive to stretching

Dangerous?



Tuning Cavity Errors



Conclusions

l ACE3P code suite has been released
lACE3P code suite released and accessible via DOE's 

NERSC allocation
• (Usage outside US under export limitations)

l Work has started on β=1 cavities
l Bug discovered when working with couplers

¡R/Q spectrum calculated for nominal + stretched cavities
• ‘Stretching’ not very realistic – needs to be refined

¡Dangerous modes may be determined
l Further work

l Tuning of possible fabrication errors
l Field flatness in coupler region
l Lorentz detuning


