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K. Cooper, and M. J. Browman
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ABSTRACT

The Los Alsmos Accelerator Code Group ( LA.ACG ) maintains the two and three-
{Iimensionzd (2-D, 3-D) MAFIA’ co&s and the PO ISSON/SUPERFISH codes at the Na-
t.ions! \lagnetic Fllsion Energy Computer Center (N\IFECC). These codes. principally
th]m-troma~netic field solvers, me used for the analysis and desi~ of electromagnetic com-.,
l) OIIPIlt S, e.g. , magnets, radio-frequency ( r-f) stmciures, pickup;, etc. \V~will ~ive a brief
, Itw ript i(>n of all che codes and explain how they may be
l%t~r~v Network ( \lFEXET!.

accessed via the \lagnetic Fusion

INTRODUCTION

Two sets of CO(!- useful for the computer-aidmd analysis and desi n of 2-D and 3-D
!electromagnetic structure am installed at the Xhl FECC. ‘The 2-D \l.A IA codes in cylln-

ilric~ alld cartmian coordinates mnd the 3-D \f.4FI.4 co&s in cartesian cocmiinatm. writ-
; the Deutschm Elektronen. !jynchrotron ( DES}- ),ten by Thomas lVcilud and coworker= U, .

i.~mstit~lte the first group. The 2-D PO ISSO!N/SUPER FISH gzoup for cartesian sd cy!in -
firi(.td (-(Ji)r(~l.lBte9 is the second ilistdkd ,grmlp. Klaus Hrdbach of Lawrence Eerk~ley Liil)-
(Jrat (lry ( LBL) dCVt’i(J~fd the thtxxy rmd Ronald Holsinger working at LBL and Los Almn(Js
>ii! ii)[la] Lakriltury I LASL! did the ~)rogrmnming for the P[)ISSO.N /S UP ERFISH
grl)ll!)

.-de CIJIIl~U!~t}(Jd support [0 the rnngnwic filsiurl ent’rgy~?lFECC’ l)ro~llhg~ h~C’-3(t. .

I-4,11111111111[v Md ttAt= iiir~~r r;wrgy rt=search I.IJnUIIIIIIIty Tht=rr are fl]l~ CR.4}’S ii~~liil)l~
:11[ Ii>t’r!i ill ~\lFE~~ ,~u(-nrt.,! ;lL Ldwre[lce Llvrr:ll, )rr \iirif)[li~ Lit~urii[(,l y I.

( ;lllf\l~]jIl~s .u~ glvt=[~b(*lIIw [or ot)l.ti[l]l)g a (.()!ll~)lltt’r ,i(.(.(m’lt at .S\!FECC: f~~rt~l)
l;ll[)] 1,: (i(~t.llIIlt’lltJ\Iii}n; for acre. ssing sollrce co(k9, ea=rlltnt)lc ct~(ies, wId !rst l)rotklll~;
‘.,1 ,( lIIIl)Ili~I,K .Lli(! cx[v.llti.lg the r~m- time rno(!.lllt’s,

Ex:~lllplm [’sing .MAFIA and POISSON /SI’PE; RFISH Cori~s

“ \\.,i II!IMII!PII tl} l!l@ ! ‘. Ibl. nlllll,.111 ,!1 ill, rK} 11)1 )1 I }l!, (,. (, I Illi(ll I 11,.rK> ,111,! Vl,l,.,,f l’) . 1.



Fig. 1. The rourmd RFQ Add by the .MAFIA coda.
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The ~nlarged ~-iew of the rod re ion in Fig. ~ shows the Pe* magr~”fic fields. From
fthis plot it can be seen that the pea current flow and power loss is concentrated ~vhere

the rods are connected to the metal plate.
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The 2-D \lAFIA Codes



The 3-D XIAFIA Preprocessor

.{I,Y -- I‘. ~sl~n 2 02 g~nerittes a rrc[angular variable mesh for the rrhlem geomt=r rir
6lkt:a in ,.;ut~+ian (.lu)rllinates on a (iirect access Ida) file. .At YMFEC . the da file is an

ah~duce tilt=. +lcx-rpd rectanguhu mesh cells (bricks) cm be subdivided into [W-Otriangular
bticks. C(dl)r plocs of the ge(m-ietry. mesh. iand matm-ials used are available in 3-D and in
2-D cut piitrws.

The 3-D 31AFIA Codes

R,Y “- }Irs:on $.01 generates the qllaticms and co+=fficimts for rhe eigenvnlue s[dvt’rs
E31 and E32 and appends them on a copied da file. The R3-E3 combination is the 3-D
frequrncy-domain solver.

E,Y1 - Iirmon Y.09 SOIWSfor the eiqen~al.les and ralrldat= t hr re.wmant frm~urnriw
and t!m rlt-rtric and magnetic fields, T!w S.\P .s IMA to find thr .solutii~[~s. T!:tw sldll[i~)li~
am appm]rlcd on a copied da fil(I.

E92 - I“rrston .2. (?1 generates ducilms as E31 lmt uses a multigrid ttwhnique.
TJ - l’rr~mn f 0.? sol~es for rh t’1~’~.ttic and nlaqwfic fields in the time IItmlain: ir

als~) (.it~(”lilitte~rhr integrals of the flw[-es ac:ing hark upm the partirlm of tile twanl M
VW!l M furce intrgrlls i wake potentials) for t~st particles accompanying or foiluwing I !X
l)~arn. These wlut ;ons are appended (m a ropied da file.

The 3-D \lAFIA Postprocessors

()\”FnvIEw’ OF- TIIE I’(l IssoN/sI”PKEtFIsti
(; RO[’P OF (-’ODES
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com:r. u:.::’.. L:.e l;l:(I>: ‘..ersio r.. 2.003, Scnvmbcr 1, 19SS. is installed at XI IF ECC, Changes
include a ,.l)rFI, r:Pti +t~>rf:d Pnergj” ~’alculation 9 in POISSON’, P.4XDIR.A. and \lIRT: addi-
tion (If [he (.:,~:es P.+XT anti FORCE: addition of the DISSPL.\-ba.wcl10 plotting prcgram,
D15F’LL)”r. . ;,:., ! ri:::;:erous prl)gran~ming changes bringing the codes c!cxer to FORTR.4> 77

:..::: G ~!,olvs a PO IS SO XI’SCPERFISH system diagram.$C.a.-.(::ir, .> . .g’i:rc .
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PO IS SOX?SUPERFISH Preprocessors



,UXRT opt imizes ma net profiles, coil shapes. and current densities baaed on a 6s11cI

r
5 %ification Mined by t e user. The code can be used as a main code or it can use a

OISSOX or P.4XDIRA solution M a starting solution.
PAY T rakulates a thermal distribution in the walls of an rf cavity. The code can be

used as a main cede or to postprocess a SUPERFISH solution.

POISSON/SUPERFISH Postprocessor

h.fIRT and PANT see above.
FORCE circulates forces on coils and iron regions from a POISSON, PANDIM, or

?.IIRT solution.
SFOI calculates auxiliary quantities for the design of drift-tube linacs 6-em a SUPER-

FISH solution.
SHY calculates H@ and the E fields for a specified region from a WPERFISH and

SFOl .Wlution.

TEKPLO T and DISPLOT PIOC the physical geometry and meshes from a L.+TT!CZ
dution: plm the equipotential lines from a PO ISSOX, P.+ XDIM, or \IIRT solution: plot
the field lines from a SUP ERFISH solution: or plot the isothermal lin= from a P.+XT
soiution.

Documentation of the LAACG N MFECC Codes

(h- Line Documentation. NMFECC users 10 ed on to any CRAY and wanting basic
iniomation on MAFIA and POISSON/SUP ERF&H codes may type in

cfs get /lmce/info/rwism
●nd
cat readm

for a brief &=wripti~ of each code. documentation avai:able. code storage, and infwmation

on accessing. compiling, and executing the codes.
>-\lFECC users 10 ed on to any CR+Y may al= read the up-t~date messages on

?the bulletin board. LAA G POISSON ~f.4FI.4, by typing
bulletin laacg

Hard COpy Lbcumcniation. M.+F1.4 Docllmentation: UR\IPL and URMEL-T Usm

Gui(lP,12 TBCI Short User Guide,’” M.4FI.4 User Guide.14
POISSOX/SCPERFISH Documentation: POISSON /SC PERFISH User’s Guide,’5

P(115S0Xf S[. PERFISH Reference .Manual.16
.+ny of thrw manuals, code access rmission. (m a nine-track POISSON/SUPERFISH

rraiw Il:;iy IM-rrqucstcd from the LAA C by mmsagm smt m follows:
>.~.lFEC’C wm logged on to any romplltm 011 \lFEXET may type in

cell at6tcb41mp
11I r>ET 11.w’rsmay use th~ wi(lmss:

at6tcbalampf
[,- ~, 11]~1 rqllf$tg [nay he .q=nt tf)

LAACG

AT-6 , HS H1329
Los Ala.mos Rational Laboratory
BOX 1663

LOS Alamoa, NM87545



Storage of LAACG -XNIFECC Codes

~’entral File System (CFS). On the Centrai File System (CFS) there is a root node,
/lace. Under /lace are three directory nodes: /info, /mafia, and /poicodee, Under
/lace/info is the file /readme.

CFS lfA FIA $toragc. Ch-i.lyCR-\Y-executable M.4F1A codes (contrcdlees) are awdable
to .X\ IFECC users. Standaxd length versions named with an x concatenated to the source
rode name. for exarnpie xm3. are available for Machine e and the CRAY-2 machines. In
addition. one million point veraions are available for the CR.4Y-2 machines for all MAF1.4
codes except CRMEL-T. URMEL-T is a 350,000 point version. These versions have a + as
the last character of their names, for example xm3+. The controlleea can be found under the
node /1 acc/maf is/a for !4achine e and under the node /lace/saf is/2 for the CRAY-?
machines. Test problems are found under the Iat ter nodes under the tps directory. The
concrollees are stored for execution at NMFECC.

CFS POISSONjSUPERFISH Storage. Both sources and controkes are stored for
POISSOS\SCPERFISH codes for the CRAY XMP (Machine e) and also for any V.4X
n.mning under \“MS. File names are identical to those cited in the POISSON/SVPERFISH
User’s Guide. The CRAY wurces are stored under /lace/poicodes/tray/src with
names such ss autso, latso, etc. and the CRAY controllers sre stored under
/lace/poicodeS/tray/xeq with nsrnes such as automesh, lattice, etc. Test examples
are stored under /lace/poicodeo/tray/exam les on wparate fd.w and in libraries with

dnames such as poisex for a complete POISS N run. Output tales in the poisex library
have a po appended to their names for example outautpo. A cosmos j ci file with a name
such as j cipo that will execute the actual run IS included in each exarnp!e library. The
source codes are stored for compiling at YMFECC or for file transfer, and the cent rollees
are stored primarily for execution at X}lFECC.

\-.4X sources are stored under /lace/poicodes/vex/src with names such as
autso. for, latso. tor. Th(’ executable are stored under /lace/poicodes/vax/xeq
with names such as automevh. ●xe, lattice. exe. Test examples am stored under
/lace/poicodes/vax/exampl es on separate files and in libraries with nanws such as pol-
sex. tlb for POISSON examples. These files are stored at XJIFECC primarily for file
transfer.

Access of LAACG NMFECC Codes

.lf~ FIA Code Accc.w. Source codes for the \L4FI.\ systmns are distributed w)lely by
DESY. Xotkestr,nsse 83, D2000 Hamburg, The Federal Republic f)f Germmy. Rcqlwst.s for
hard copim of rrlease frmns may be made to at6tct@lmp via JIFEXET or to at6tcb~lampf
via BIT>-ET w to the mailing address included in the section cm Documentation. Profit-
::lnkinq organizations should expect to ncgotiat~ a contract with DESY for llse of the
!*1.+F1.+ rl)des,

l’(l I$50,V/SUPERFISH Code AcrP,K~,Anyone with an X\l FEC’C riccmult umy lI;lv(s
tat-1.l’s<F(I thp PO ISSO N/ SC PER FISH IW(h’S. ‘rlw L.4.4CG mquims I’l:lt a rtqlwst, IN’
m;i(]f. f, lr l~c’rmission tc) WCW%S~ither tlw w:lllrce [)r wctwlt,lbk codes. ~J this is (IIIIV for
[Ill. l),ll.i~i)si~(f kq~lng an llp-to-(late (Iata Iwr ()[ lwrs. Requests ma: 1)(’Itlmlc to th(’
WIIXN’:j~’tuv}rk (m mailing addrcssm listrd lln(i(~r II,ar(l CI)py D()~ll~l(’[ltiitl()n.

Execution and compilation of the LA ACG--N!il FECC Codes



All 2-D anl 3-D codes except for P3 require an .4SCII input file. The CRAY inpllt ti!r~
me always the name (If the source code ccmcatenated With in. For example, the input tk

for \13 is m3in. All the \lAFIA codes exce~: P3 (where it is optiomd) produce an ASCII
~Ml[pI~[ i l~rlnt ) fib?. The output file name is n tin the source code name concatenated

twi[h out. [“RMEL-T is the exception: its AS II output file is named urmoltou. The
3-D 31.%rL~ codes u= a da absolute file for intercommunication. That file name is maf
c(mc;ltenated with t hc first letter of the 3-D code name. M3 produces ❑afm. which is used
for comlnunication with R3. F3 in turn produces rnafr, etc. FGr large problems familying
will place on the da files. The scheme used at 3iMFECC is that if the first file is named
mafm. for rxamplc. then the second is mafmoi, etc.. but the last file has a name ending in x.
sllch M ❑afmlx. Libraries of test examples are in /lace/mafia/tpo. For 3-D MAFIA. the
filr - ar%al contains inputs and outputs for a complete 3-D frequency “domain calculation.

In codes where plots are available, L menu will requ-t that the user select one option
fr, I 20 plot options. Some optima will be followed by queries for baud rate and box
nll[:,bc~r. The experienced user may select the file substitution option available and frt-vly
sllhstitutr file names for expected He mums and ak may type in o= for plot op~i(m,

Fbaud= for baud rate, xob= for box nurnbex right on the execution line. or example, typing
ill

xm3 po=2 xob=q36 ❑afm=mafttsst
rr>lllr~ ixl xm3 executing with plo: option 2 box nurnbvr q36; the da file pro({uced will br
II,WINY1maftest. File substitution is ,Iot availabl~ for plot iNe names.

Input files for test problems can be obtained Ly typing in (for example)
cfa get /lace/rnafia/tp9/rn3r3a31
end
lib ❑3r3a31
x
end

.411 input and (J”ltput files will be ix, thv local file span=. output files will llilVlm fl 1
il~)])(’[111~’~t or Substituted for the- last rhiu-actw in file nmrws ow=r stwen characters hmg w)
rhat c1~lnp,arisons can be made.

1’olSSON/SUPERFISH Ezrcution. All ccmtrollees am stOred t)n CFS as tkscribcvt in
t hv svrt ion on storage. To g~t a cent.rnllt’e in il CRAY local file space type in ( for rxrunplt’ )

cfs get dir=/ lace/poicodes/tray /xeq automesh
end

Ff)r rach test example library includml in CFS under /lace/poicodes/
tray/examplea, thrre is a jci fik that will rxetwtc with COSNK)S. This j ci file will
grt Rll t IN nrcessnry files from C’FS, t=xtract tdl tilt-w from the lih~my, nml cxcclltr t hr
I)lotk:n with a nmning log displayd nt the tcrrnin.al. A log tile is nho produced for lilt m

virwil]g. Each tmt r’xarnplt? Iihrruy also has rt readrne filt’ with r4more dt’tniled (mXI)liill;ll it III

of ht)w thr cmks i-m. For example. to nln thr POISSON” test rxmrnplv, ty pc in
t’x;~lll!li~’, !y]w in

I fs get /lace /poicodes/tray/ex amples/jcipo
rnd
,:osmos jcipo

.J,I .\\l FKCC, all l)i(~ts nrv II IJL(h. witl~ tlw CINIV I)]sl)I.()’r,A II WI III silllil; lr III 1!, (.

)il;\l” l.+ II II fI:d pltdfiilg llwlm will 1)4’(Iis]dnyrfl :ul(l will Ifvl IIf W flint tlw lls(~r s(’1(’101
,,( 1111’

(11 ),’

~li I)l(lt I1111ions I)r(vw;]t.tvl. S(MIIr (q)fiolls will t)c’ follr)wfvl Iy qlwrif~s f[w I);IIIIII ‘f-
;IIIIIIIIIS111111111(’r.“Im!wrxlwri~v]rr{l Ilstv”IINiy tylw ill pu= f(lr tll(’ l~l(~t tq~tilm, bmu(i= flu !III!

lI;IIItl I;IIr. ;IIIII xob= for tlw IMIX11111111)1’rright (III till c“xwlltitu) IiI](-. 1“’lw(’x;LIIII)I(*.tyl IIIIK
ill

~iaplot po=3 baud=9600

~vIll n’.. IIlt ill ])lspl,(n f’xfv.lltil]g tlIr lIIIIt Iq)liln] 3 ill !)(;()() 11;11111. I’1(’;l,w’ 11!)11” Ill;lt I I“;li

l’1. ( ) i“ I,;lhfvl fir) l)[,()’1”l [)17 •lt~rlvl ill ( ‘l:S IIIM!II/1111”( /l)(}if-(l,lP9/irify/xc~f~ will 11111io\,I.
I.IIt II ;II .S\l F’1,( ‘(’ ;III(I is SIIUXV1 ill ( ‘1-”S f!lr Iil( II; III !-1’1(“l)llvf”llll’ll(”f” [Mllv.



POISS().V S[’PERFISH Compllatlon. All P(; ISS(IXIS UPEM ISH C!?.4}’ ~{}llrrlh
r(M!rs in hwal liisk spactMcan he rompiled on \l. uhine r by t}”ping in (for exa.c pie)

trixgl o(libso) run end
The Iil)rary sollrr-r rode 1 ibso mt~sc be cmnpih% first flj]lmvrd by poiso. then the remaillir:g
sourer rodm mn~ hr cmnpileti in any ordt=r.

Up-t(>date lnstr! .tions for compiling on t hc CR.\}’s or \’.+.Ses will always be nvailablr
in Ihe readma NC’Sst~m=c! in

/lace/poicodes/tray /in fo/readm#.c
or
/lacclp~icodaa/vax/ in fo/rea&a.\”

To t rimfm film to an MFNET c(~mplltrr typ~ in {for rxarmple) net out 1 ibso. f or
aite=lmp user= at6tcb binary, Use the binary option for all fde types. If 1he t rmwfm
site is a l“A.S-l.llS. there must he a dirtwtory with all world privih”qcs name-ii user. n~t:
for 1llt’ alx)vr marnpk: at6tcb. net.
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