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ARGUS i s  a three-dimensional, electroma netic, particle-in-cell (PIC) 
simulation code that is  being distributed to U. f. accelerator laboratories in 
collaboration between Science Applications International Corporation ( S A I P )  and 
the Los Alamos Accelerator Code Group (LAACO). It uses a modular architecture 
that allows multiple physics modules to share common utilities for grid and structure 
input. memory management, disk UO. and diagnostics. Physics modules an in place 
for electrostatic and electromagnetic field solurions. frequencydomain (eigenvalue) 
solutions, time-dependent PIC, and steady-state PIC simulations. All of the modules 
am implemented with a domain-decomposition architecture that allows large 
problem to bc broken up into pieces that fit in con and that facilitates the adaptation 
of ARGUS for parallel oceosing. ARGUS operates on either Cmy or workstation 

Applications of ARGUS in accelcrntor physics and design arc described in this paper. 
platforms, and a MOTl F -based user interface i s  available for X-windows terminals. 

DESCRIPTION OF ARGUS 

Thc ARGUS codela has been under development at SAlC since 1983. It is  a 
general-purpose three-dimensional simulation code. The code architecture i s  
s cifically designed to handle the problems associated with three-dimensional 

nqued to deal with the large volume of data that is generated in three-dimensional 
simulations. Recent work b Leabrook Computing, Ctd. shows that the domain 
&corn 
~ n i n c ~ ~ k l i z a t i o n  ofrhe code. 

A modular architecture is emplo ed so that ARGUS is in fact a syslem of thnt- 

shan utilities for structure input, grid generation, memory management, data 
handling, and diagnostics. The codes allow complicated eomeuical structures to be 

throulhout AROUS; some of the modules also su port toroidal and mixed 

nctic filds, the eigcnmodes of rf structures, and PIC simulation in either a !he- 
dependent ~NMIC or a steady-stme m~&. The PIC modulcs include mulliple article 

emission from material surfaces and by injection onto the grid. A plasma chemistry 
moduk allows specks to be a w e d  or destroyed based on specified rate processes. 

The strudtucc input la ARaUS is d e d  out through combinatodal geometry. 
The coda stores a library ol basic threedimensional objects (e. ., a rcctongular solid, 

~%rmry shape. The slructuns so specified arc represented on the compukalionol grid 

s r mulations. It uses sophisticated memory management and data handling tech- 

ition technique u secr in ARGUS provides a suitable framework for come- 

dimensional codes (numerical modu r es) that utilize a common dam structure and 

d. The grid can k nonuniform in all three 
dimensions. Cartesian and cylind r cal coordinate systems have been implemented 

coordinates. Physics modules arc in place to compute e P cctrostatic and ekctmmag- 

species. relativistic porticle dynamics, and algorithms for the cnatioa of pan P clts by 

an elli icd cylinder. an ellipsoid, etc.). These objects am com f incd by the user with 
I ic a r  operations (to either add or delere the library object) to produce stnrctures of 

npnsented on the computatjonal 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
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fulness of any information, apparatus, product, or process disclosed, or represents 
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by a struciure musk array. which stom the material and electrical properties o f  ench 
cell on the grid. 
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Material properties can bc associated with structures. The code allows per- 
fectly-conducting mnlerials. as well as innterials with complex values o f  both 
permittivity and permeability; hence lossy mnterinls arc allowed. Furthermore, the 
permittivity and permeability may be specified ns diagonnl tensors lo treat cenain 
classes of non-isotropic maierials. 

ARGUS has a wide variety of diagnostic plots that arc selected by user input 
and me available at run time. These include set-up graphics, contour and m o w  plots 
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of field quanlities. and plots of panicle tmjcctoties and phase space. The code also 
will allow the user to create HDF files for exporting data to other visualizntion tools. 

SOME EXAMIZES FROM TllE ARGUS PRIMER 

The current code release (ARGUS v.25) includes an ARGUS Primer. which 
provides a tutorial for new ARGUS users. I t  presents a set of simple exainple 
problems that illustrate how to use the features in ARGUS. The Primer will also be 
used in testing future ARGUS releases and ARGUS installalions on new computing 
platforms. A subset of the examples featurcd in the Primer arc presented here. 

The “Tombstone” Cavity 

An example in the MAFIA User’s Guide consists of anal zing the normal 
inodes of  the structure shown in Figure 2. The structure i s  a cy1 r ndricnl drift tube 
nttached to P cavity made of P rectangulnr box topped with o half cylinder. MAFIA 
and ARGUS represent this structun in diffennt ways. ARGUS uses a “stairstep” 
representation on the grid. while MAFIA allows triangular “half cells”. (Half-cell 
innsking wil l  be included in a future ARGUS release.) 

Y 

! 

Cold Test of the “Tombstone” Cavity 

A comparison of  ARGUS and MAFIA cold-test results for the “Tombstone” 
cavity am given in Agum 3. The ten lowest modes of the structure w e n  computed. 
The discrepancy is generally in the I-2% range, and is due to the differences in the 
structure representation by the two codes. This result i s  consistent with other 
comparisons of these codes on comparable meshes. With liner meshing, the codes 
agne mom closcly. 
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Wake Fields in the "Tombstone** Cavity 

lwnc slcp 25 cloclrtc lieM (Ea) - lime rlep 75 l ime slcp 125 

Flaure 4. Wake lkkb due to I Curdrl  bunch prrrlm8 UI- the UT0rkl.u" arb. 

By initializing a Gaussian bunch of heavy particles in the rim-dependent PIC 
module, and allowing them to drill through a stmctum, the user can cause AROUS to 
create wake fields in the stmcture. This method was employed to display the wake 

fields in the "Tombstone" cavity. Figun 4 shows three sna hots of the pasticles and 
axial electric field as the bunch traverses the structure. % e Gaussian bunch was 
laced on the axis of the cylindrical drift tube and launched into the tombstone cavity. 

!he pruticles am visible in the figure IU a line charge on axis. In the first frame. time 
step 25, the particles an just entering the tombstone cavity from the lower drirt tube. 
In the second frame, time sfe 75, they an just leaving the tombstone cavity and 

upper drie tube (by being nbsorbed on the upper boundmy of the simulation). 
entering the upper drift tube. P n the third frnme, time step 125, they arc leaving the 

Radiating Open Wnveguide in the Time Domain 

The ability of the ARGUS code to handle open. radiating boundary condition8 
in the time domain sets i t  a 

in Out this cnpabi 

wave uide extending to infinity. The second i s  an impkmcntntion of the Lindman4 
alsorlhm for rndiating boundaries. While the port condition only matches tbc 
boundary for radiation at a s cificd frequency, the Lindman condition is a general 

This simulation provides a demonstration of the Lindman algorithm for the 
simple exmpk of a rectangular waveguide that is  driven at the lower end, and o n 
lit the upper end. Figure 5 shows the radiation fields at two time steps, selecte r 10 
show the phase slippage at I& top (open) boundary. 

from several other codes. Two separate utilities exist 
The fimt is a "port" boundary condition, which t m t s  

boundary as though it were connected to 8 0 forcT speci IC (k opening in 

outgoing wave boundary con ir ition. 

0 I 2 

WAVEGUIDECAVITY COUPLING 

in the design of rf linacs i s  the coupling between the 
to the accelerator and the cavit through which the 

to the waveguide, as well as the fields in the 
needs to know the couping coefticient. the 



apenure o f  the coupling iris. This problem i s  difficult for time-domain simulation 
codes because accelerator cavities often are very high-Q structures, and therefore 
require very many rfcycles to fill. 

ARGUS has been employed in R collaboration between SAlC and AccSyo 
Technology, Inc. to model the external Q of the drift-tube linac (DTL) cavities in the 
injector for the Superconducting Super-Collider (SSC). The intrinsic Q of the DTL 
cavities i s  approxtniately 40.000. Figure 6 shows the aperture in the waveguide 
cavity system, as represented in the ARGUS niodel. The drift-tube structures are 
represented by an "equivalenf load." consisting of a dielectric rod. 

Flgure 6. ARGUS repmcnlrtbn or lbe DTL avilylmve&ukk r(rucclum Cor lbe 8sc ipj#br. 

The methods used for the solution we bosed on published techniquess*6J for 
using electromagnetic frequcncy-domain 01 orithms 10 compute the external Q in 
high-Q cavity-waveguide systems. They q& the ei envalue solver lo be exercised 
several times, with the waveguide shorted at different 8ist-r from the iris, thenb 
allowing a resonance curve of frequency w. phase shilt, like thal shown in Rgurc { 
lo be mapped out. The figure shows rhc nsonancc cuwc for a round iris, I2 em ia 
diameter. This analysis i s  npeated for diff't choicer of the iris dimensions until a 
suitable design point is realized. The design 1s a (radt-off between 1hc c x i d  Q, 1ht 
field strength i n   he iris aperture, and che cavity mode dlstorcion due to the crpertun. 

AccSyo has beilr an experimental test-stand which irllowed @he AROUS results 
to be compared with measured data. The nsults of that teat am shown in Pigun 8, 
which pnsents the external Q and frequency shU? as functions of thc ids aperture 
lenph. for a fixed a n u n  width of I 2  cm. The experimental data are pl~tkd on the 
figure and agne wit r the simulations to within the experimental uncertainty. 

AccSys Technology, Inc. is under contracl to build  he DTL cavities for the SSC 
Laboratory, and has used these simulations to verify the accuracy of their exper- 
imental test data prior to constructing full-scale cavities (which arc approximately 
IO 111 in length). Or. J i m  Potter of  AccSys has collaborated with SAlC i n  this effort. 

I) * 
J. J. Peti l lo et al. 309 

and provided the experimental data which was compared with the ARGUS 
simulations i n  Figurr: 8. 

HELIX TRAVELING-WAVE TUBE 

The frequcncydomain solver in ARGUS v.25 can treat complex fields. where 
the imaginary iut allows the model to treat lossy materials and to handle periodic 
boundary condtions with sub-phase specification. This latter feature i s  particularly 



- 

r) 6 e 
rl) e J. J. Petillo et at. 313 
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computational grid, 
modeling only a 

This module has been used IO cold test a helix travelin -waw rube (TWT). 
devel0 d by Nonhro Corpomtion. Pipn 9 shows the ARGbS repmscalruion of 

the helix supports. The suppom (nor shown in the figure) me diaktric rods tha, arc 
attached to the helix ond to the ookr cyllndricrl wall. 7 l 1 ~  ARGUS s~mulotian model 
employed a 80 x 80 x 20 grid, and quested six eigenvectors for each phase shift 
sclect ed . 

the he1 p" x l", includ P ng the metallic v a m  that arc used to shon the fields betwan 

9- AWUs-wk ck#cdl lcm b h  w k l l r  TWT. 

adjusting the contocl am between the su 
of a helix TWT is  known to be very Btns t ve to the area of contact.) 

description of the helix TWT geometry, and has compared I 
results with his experimental data. 

r l  mds and thc helix. (Thc phose veloclty 

Dr. OUnkher Dahler of Northrup Corporation has t raciously provided a 
ARGUS simulation 
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