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MAFIA RELEASE 3: THE NEW VERSION OF THE GENERAL PURPOSE 
ELECTROMAGNETIC DESIGN CODE FAMILY 

hl.B~rtscll, iV.Delllm, hl.Dohlu.c, A.Fiscllcrallrr. G.Fischc~~ur~r, P.Hahue. 
R.Iilatt, F.Krawczyk, T.Pr+~wr. P.Schiitt. T.Wc*ilatlA, Zllang Mill 

Trrhv;.eclrr’ ,Ynr~h.rch~~k D nmn.~fndt, Fachhcrczrh 18. Fochgrhict Thcorzr ElCl;‘fr,otl~tr~~r,(,f1.~(.~1(.~ Fc ldvr 
Schlo~gaTi~n.~f~~~~~.~r 6. D-CilOO DnmwfaJf, Gcmn,iy 

F.El>Pling, h’I.M:rrx, S.G.Wipf 
Dcuf.<<,/,t .q El~kt,v~~~~~~-SKrlc~h~ott,o~~ DES)‘, Nofkr,~tm,~r~ 85. D-dili!o Hw,hunI 52. Gcf.mcittl/ 

B.Strffm 
~t~~:~f~~rsrl~t~r~g.ta~clngr Jdtclr KFA. D-51 70 J&-h, Gmrsan?j 

‘l-he hlAt‘lA #rit:ip <,f FllllV time diLIwIIiioIIa1 cuIn]“it?r rodes for t1w 
mlat Jim of hlaxrr.~ll’s ry~atic~r~~ is alw;tdg well established. The sys- 
tern has dwmn<t :atrd iis nrcuracy and usri~lncms in the succi~~sfui 
dC~‘i~ll of Illilll~ i’C< i-1vrntur wliq”““‘“t‘7 ‘l’hr~ 31) cajmbilit it>> hava 
now t,twl (.x1 c~irdtd ti+yoi~d t hr oripinnl Trt,~lbwcy ;mtl tinIt> rlnniairl 
ioli:tim~ t~i 111~11111~~ it ~LFII ~lilti,- wlivr fair ~~lwIr~~-arld rxqrrrtoutiiti( 
tklfl., a 1~x1 ‘c:e ix ~11 CYICIV m11 an tvl(ly n1rvr:t modnIt for thrs trcat- 
~IIPTI~ ril Ir~lrli~litts II arlrl IO- iiili(i inib cowi rxi it4 by lmc frequmsr~ 
c~lirrvrlts III arlili,l~~il Ill? tw(b ~lirtwrl~i~m;il c01iP~ 1-HhlCI, alld ‘I Ii<‘1 
blgvtht.: will I!ii ~i~li‘ rcatl\iktf*nt \vnior.. ‘I l?CI St‘. that aolvrr tlw 
fir,ld ~q~;+li~r~~i imi! tl113 rq~m:iir~i I)- tli4>tii,li !II pa.aIl~l, have :#WII ill.- 
plrrllvIirwl III tllf Il“:v pl”~,:r;llrl f’irllil~. ‘l‘lrik ~-rt’i~lrx. 2% bvi<li- ranging 

<‘AI) ~~;<ck:~gf, nl;i~h will ~.II;~IIL<, r~nr~y ;*\l)~,rt!. of A ~jr<tJlelll ii, ht’ 
illvis:ig:istrs~l \<itllirl ii uiiili~rl ~b:li~~lltir.g 1.1 ~i:,m!ril~n’. 

The hlAFI:Z fa~rxilr i,f ~<,,l<.s wlii~l~ sol\-P hlAxwl!‘s cquatims 

‘11~ tll- Fillitr, llltrpwtiwi Al~<~ritlllrl i\ \vitll,ly rw4 in thv c1m1- 
p7lt(‘r-ai(l<~cl rlr5igri of a~r~l~ritti)r conipmi(‘3~t-. Rf raYiti4.ss im4 
\‘a?,111111 jlilli~t:iul,, ~-<4litri;it<xh alId rll;~ll;Iir’ti (to lla*nr lmt ii few) 
havr lX~?11 .\la~c,Yif 11 1 ‘.‘L’ I :’ 1, \ c < >, lie < ,l\lrlg :l.C,Ye progriilll?r. T11r pr<’ 
gra*llb 115~ ~Iaxwt~ll’s <y7tatioils ill tlli4r intr,gr;il f<brln and pro- 
1iuw k it.t of I!liltl’li ~1.1d cY~ll’:t:““” Wl,l<~ll ilrt’ t11rw SC1 I‘(( _ 1 ’ I 4 fllll 
tIf5cril>ti,n, of t11v tlvlivatirnl: ~2” tlimc-~ c~~l1~;itiiil.b cm Ii? fonn;i irl 
the litcralnlv 13 
Thr all~~.at~tm <,f tllc t11rc.r I~~II~C~I~CIOI~;I~ firltl roluponw~ts is OII 
a rrctm~ular griti. uhinR ihr~ Yw la:tirl, 121, Tl~rl analytical 
prxqvxtie: of til<~ iwltrix c,p’ratctr~- i~*ri I~~~~~u-~YYI on tli~ cliscwti- 
grid [3i. Hcnc? ihi> nlc~tllc~tl lla‘- t11t. ildvlr:tn~r~ ihat, aftcir t1w 
c’ipylviillivs (if thr pr~~l~l~~ni iin’ c2:Iwliitv(l. t 11r n~mw~i~iil ws:llts 
car. 1,~ test ml fe,r tl,vir p1iysif.a I i~bxrr~t nchh a1111 any splnioui 
io!llti(iw I< IUNV,YI autt)lliilti~i:ll~,. 

The P rogran1z 

Thr ZD I’ropnis 

II 1.~ vi ry rl.,~$ul to 11;~w 2D v<.r.i(,llc of thaw 3D ~~r~~gram~ avail- 
aldr fit1 qlili~irivally hymnlvtric 51 r‘li<‘t nrci ii11d for ~xI~l~~r;it~q 
trst+ l>t~fr,rc~ il lilrge 3~1 nmtlcl with many mesh points is Cal- 
culattyl. The h:.L\FIA package ir~clutlc.~ ?D vrr’;ions of thr 3D 
pmprarns using the 5a1rw user iutprfacr. lli~sll gtwrator antl 
post, prorrs%,r. 

Thr IIt4 G<,nr rator. hl 

Thr AIehli is (I<~irlc~l in I-artwian c.axmIin;ltes and BROOKS a IKX- 
quidisrallt g“i(I. r z, :-I$ and r-+z coordinates will IN- i~vnilahle 
in rely-asr 3 1 f(a use with 2D ~crs~ons of the programs. Each 
rCctangul;lr cc*11 *Ilay he ciirirlc-tl irl half almig a diaponal tc, give a 
hrtt.m approximation to the input grcmwtrg. \Vithin this ~nwsh 

of rwt angular crlli mntrrial fillings may be defiiml in Yariams 
ways. Rr~ta~~gnlar Imivka UIH~ lw fillrtl with :iatcrial. C’ylim 
dfw with iirl)itrbry cross hrcti*m wit11 axis l~arallel to (w2 of the 
co- ririli~latr (Ii: w.1 i~>ll< anal figilri-. of rr.vi~luiii~n ol)tiliucd by ro 
titti1.K HI. all)itl ary pIal!<’ slia]~. thri~ul;h ii piT:rn i~nglr ~riay lw 
g:c~1,‘~ atvcl. A Ial gr ctloic<* of pry d4incrI shap<~, is availalll(~. Fil 
alwnt:. ic1)l~vsrnting liw CIII~YI?~ or wil v clrctrodt5. can ;ils‘a 
IJC W(~Il. 
At All hti!Ci.h DZtL(g?i(Litlc.~ (IlId 111fl l’C,i fwc Cniphic.~ Dl.~play i-, 
pro~.itlwl to fit~.illt;st~ thr- visn;lliiation 4lf th(, :zwulb~~tIy antI trr 
i1111 )\V t lil. ,,>(‘I t I, Cli~Y~li t 1 ie inl>ui. E;~i.h iup7Lt i112pv 4’wil l,<, 4i5 
pl;~y~(I “~I~“‘I-~IIII,I’s’.‘~ oii thv ‘!I’lir”“illl;ltt.,i ll~i \11 lilt 8rli.l. ‘Illc-II 
Ill?‘11 1iIlV. <.illl I+ ilit I7;i~tivr~ly ail8Ivtl or rlrl(~t rvl ;<iltl 1 lit c,ff(~t 
of -he rf’gi~uc,kiitfvi 11ii~:h cl*, thf, uir+ll 1u1~1r~l i- i~~i~u~cliwt~~ly iilk 
~~lay~tl. Tn~j (Iirll<msiolla 1 <.r1ts al..ng wyy Illf~.~L pl’l”’ <ill, al%> 
l~rz pl(bttrd. Finally tll+L IUI& ~~0~1~~1 c:>xl 1)~ li,.wr(I ill tl1l-w 1i1- 
11iwsiot15 u-ill] or v;itllont liitldta lines alld cii*i 1~ arl)irrnril> 
rc,tatrd. 
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Fip,ure 1: TIUW Dinlrniional 
plots firm If. 
ii ) C~wm~~tr~ of illi ;icci~lrx+toI 
vi:rn~~fu rlik~ul~~~ with slot 
collpl’cl YH<‘,,,l,ll ~‘\““,~S. 

1~) Hi~lrlct~ J.it.l, Pleat of R 
Torus. OIIP of thr Prc-d&nr(l 
Slbapvs prcwiflrti in 1%. 

The St,atic Solvrr. S 

Tile Static mdr. S. sol\~m MAXRP~I’~ Eq’latioxls for clwtro arid 
magnctcl-static prc~lA=trls I-11. Tl 1c calrt-trostatic potwltial Cb. tllr> 
field E. the flux D aad tile elm-trc)st;irit. chargc~ tiisrributior, q 
cm 1~ calculated. or altermtivelr thP maenrtostatic field H and 
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t1ir* flllX B. All “opr11” I~ounclar~ ccmditir)ri ib i~~clntl~4 which 
,lwh ~11 ilf7htivr mcthnti tct ad~ticall~ approxirnalr the pm 
twtid fin tlif, l,~,nlitliiry. thu5 ~~lli~lilill; a nuch smi~ll~~r lliPhll to 
lir uwil i;c lhr- CHIII~ ~~n111l+m. Itlc~slly collrluctiug or itlrall> 
~)~r~~~ral)lr, Illiilwids >nay l)? eli~fitl<~ti i11 all thr 3D codes. In ad- 
tlitii,u S iill~!~~h Illilteriiilh with iiliitr. u(1u zero i~f:d imisotropic 6 
ant1 j, 1): v;itII c iiud 1’ d~~l~~~I~d~~,lt 0,~ tllrs ii4rl 5tl<agtll and the 
,,1,!1 f’( ,11>t iill’ cli.,tr-il~liti~,li unity is:wj 1,~ r~;~lr-~~lai~d. Fi:;mi~ats 
“My $‘illTF .I,l”ilT ,‘l,Il~~~llt~ 0,’ IlC, ~ll~fillc~<l ilC ll,I~~S vi‘ ~YmitaIlt I”‘- 

t ~‘Iiti;~l. ‘Phc’ -.olT c’, liic. n,i SOR ,,vc’~--Icl;lxati~?Il Ili~*tlI~~d wlit’w 

Illi ;rcru~;i~.y ir:‘ Il,r, holuti~il. i i i 11, Iljlti<ml input p”.‘LI:“‘t~‘I. -4 

111111ti~~,ri~l :.~,Ivc,~ i* wlbl8 ar-ad;rltlt, fall liii.g<, p:~olilt’tni 
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I. -._ ~‘:~~~~.~~:. .: ___ 
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.~ 0% 
FI ::1111 2. ?+l~rtl< llt,d ~wmw ~1 ,~ricl arox plrti f;~r t hv (;<I hi1kc.r ~l?ap 
IWI\.‘I ht ;STIIIW JIICII -ltcn\\ thr- E ficbld ill R l~cri/~)r;~al VII in th<, Raleigh 

l,i~llrti~,~l~l of’ t h+* hrst rnagnt~t c;tlc1il;itt~tl iJi. 5. 

7'11~, 11.4 FI:1 i ~JCIPS Ii axed I1 run ix1 WC~I~~~IL~~ x)lw hIu.wr~ll‘b 

quaticns in tlir fr+q.lrncy doll:ilill. Tlir nliLt mid I~rqwrties 
211il thra l~~u1~4l;try ~.csilditiilrlh i~*c ~14diili~fl ill It i~l1c7~ the lrmtri 
Cf’S RI’<’ sr: up. Pmiritiir 11~~1mda:~ cs)utlit;on-: Ilaw 11m21 wddd 

iu ; (~1~~2~~ 3 0 Tl~l~Il E C;ill.ulati~~ IllI fi<,l<l> 1: ;,:I11 n a11t1 ill< 
~i~~~lifr~~c~llf~I1~~~~~. Ah diagnostics. tl L<’ acl’or;lc~ of ihr fIw~lI’,l- 

cic~i in GY~~II :incl -hv c!llilrititif~~ d,i’r). drt,n d lc.ill m .PE~. 
Tile S<tlwr uws tllc SAP jY; rigui~wluc- :cblvrr or a ~w~dti~ritl 
il,‘\.<.1. f‘,, \‘,‘I’:< 1, <LTfy 11” ,l~lC111,. svvvr;11 InIIi~lrrYl IIllidl5 I‘tul 1N 

(.iid:ittd. T/t,, 2Ll IJ’~ rseo~i of R.‘E [fmwrly callrd VRMEL) 
CHI. 1~ 11-ct1 tci ~>‘)t;iin thv frwlll~~llcie 4) f rot iltioni~ll;V sgumict- 
ric nn~fm wit11 azin~lltl~al firid rilriiitic>Ii aId arliit ritry iilgular 
1111)(1~~ IIIUILlI<~I 5, (111~ 11111p~1<~. tll:d~ etc.). ‘rllt~ (.lIlI)ff frrcp”II’~iP” 

<lf \\-a~<‘-. irl l~~~i~i+i~~li~l:~l \-:i*vrywidi-. cil11 al<0 I)(, cid~~ltliit~vl niilig 
x-y gcv rl,,f’T r\. 
Figwts 3 ~IOXVS w\l;lts f1.0111 2 l)ti<lgt~l 1001~ gal> whouiit or 15 
(RJ.GR j, a r<wjll;lrlt struc1w.e fin ~)ulwd elwtrou spin WFOIIRU~~~ 

(ESR) spwtrosc~py wllich was i~lvrsfigatcd using R/E. All di- 

rlrd ric st ruct nwh \:‘~rc inrludrd HIId the rr~rlnant fITq”‘Ilcies: 

tllr (1 -;alars~ ;i*ld fl,c* 3D fielcl (likti.ilivtiollx wew ccil~datcd 

GAP SPACING 
AMPLE AREA 

Fiqllrr 3: ii) lsoliii<, repres:rnt at ion 
of thr B, fit-ltl 1)) .4rr~1w ;)lot n! 
the E-field. c) E-firld ill t hea tuitlgwl 

pa,, awn. TIM illlrl,l,rr5 derwl4 : 

((I) ,irrq,lr area, (I ) Teflon sarn~~le 

hultltT. (2 ) ~~~‘huIiiillir quartz SIlppmI 

$jEJmee, 
(3) nvtallit layra of thr IjI,GR 

(4 ) Rexulitv wsona10r holdc~r, (5) air spacings. (Ci) rnet;illir shicltl 

The ‘Time Do:lmin Solver. T3 

T3 ca!r-ulatvs tlie ficslalk (.I.<-at<.<1 l,;\- i, II,OVIIL:Z. .I, --‘~~itl I11111ch of 
p;lrticlr~~ 161 I>rv\‘itijng tllr- E antI B ficldq ai uwr >lwcifitd time 
htq):. tl,q, fir,lil. ilb ii f1llls-tibrl i~f tirrli, al uv-l slb<,vifi<,!l Ibobiti(alh 
and tllrx I~m~itndiual aud :rmls~~rw make l>(ltr~ntials. “Ope11“ 
Gcnl~~&r~- con&t it,rl- ZLI‘~~ nraili~l,lr til sitilulal? an illfinite Imarl 
pipe 01‘ opm span’. The t :‘i+*mv*‘rsc tolrich position. thr charge 
tljstrilsntiou withirl tilt, lsi1Iicl1, tlr,- l)articla sIlr(.d ;i1111 tllr 1111X1- 
1tt.r of tiluf, at<.])s 10 l)v l)C~T.f(lrlilc~ri arc al! illput I”‘1 :cint~trrS. A 
9.indov: o~~lio~i ii aI50 ilvailal)lc <<PI- ;Iltrii~if~l;lti~i~ti~ pal.ticles. 
T-h/ i’L1 I’f 1’*<(1011. I-‘-, / tlic if >,~I,,cr TBCI ! calmlat t’s t hc, diffrac- 
tilLIt of Trill iviivs” ii1 i*iltlitir)ll tim t:aliii(,llt firzltl5 ;:Iill ttilIlkVPTP? 
RII~ longiturliu;il wak<* p~~t<m’ials. 
Tllc~ Hr~;t \‘;Ic\~~II~ c~IR~II~>(‘I. with slot c<>l~i~lrtl V~~CUUII~ ~IIIII~s, 

Figllrc* (1 H), was invr~sti~atrd nsiug ‘1‘3. ‘The trarlswrsr impeci- 
hxlct’ for a zliglltly off cc>Ilter elrctl.l,ll tsllrlrll WHS follllti to I>? 
grr;t+r~ thim tlic 4lvsipri \-alui for all thv c(mIp(rnmth of tlir (‘11 
tire HERA ring, B? T3 cdr,rdations it was d4crnlincd that thcs 
siIuplc exl~mlii~llt of r~v-~~iilll:: thr slots, as 8110~1~ ill tilt% figuw. 
wnultl redurr tllv inlpdm~c<. tcl IO’:b 0 f tlv drsigr: val~~v. Thp 
~i~cuuni cl~iitillm was 1)1ult in that f mli ; 

Thr Self Consistent Titnr DrmIiii,, S<dwr. TS3 

TS3 xi B llitrticlt, in wll co(lr*, 7~113~1~ mikt~lt~~ thr simdaticm of 
rf kl,V\l :‘!‘,I’. rsllv tl’iir, “111rCl~i f.1,‘. r’tl‘. ?I;ixw~ll’~ cyu:ktior;s atld 
thr cvl‘latii~u~ of In(btion f<91- the partiClrs am soIv!d bclf cc)m 
.5istrni:i’ . ‘ro tl~:~t Imdir-it, trz~jcdl)rie~ call Iw ralculated taking 
rpw~‘ uharp,e il:t+l ;r,~cctunt. Thr rharq~ tlistril,ution within thts 
l~unrh is als, calrdntrd. Thr initin! conditions for tllp \clocitg. 
p8sition ant1 cllarp,r, tivwity of thtl partic!cs arr defi~ied ly ihts 
user. Static or rrhc~~m,it firlds can lx preset 0Ii thr III~~. 

II, the 2 in Vcrb~ion, TS:! 171 both the initial field and the PHI‘. 
ticlr distributions llaw angular symmetry. 
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1:’ I q.um ,4: ‘~~(1 rell 1Vahdirld ‘l’rar~~f~utller. hv;trla disc-tivll al<arlg 111~. 
i axl~,c;~lrlil;il<~rl IlV ‘1’s:i. ‘I’ht~ Crlliral tImIn i’ acci~lcr;llf4 I,? lhc 
W~kPfiCldS WhiCh iiTf’ pr0tlllc~ll Ibv t hP ring Ilt’i~tll whicl~ \urrciljtjcih it, 

I--- 

___ ..-_____. ..- 

i I ~~~ I I-.... 1 -; >t. 
Itinr ’ 

, * m . . 
I . e L. 

t;c:m . ._ 

I I- 
,4 /I 1. 

I,l, :; F-i (I’ .! 

* I ,.,,l.“dJ ::: 

, . . ,. r ,, 1 : + f . 
. 1. ;I ,I ?,Y * n \. 1 

I 4 Cl ,< , ,I I. /I 0 I j 

1 i i c ,, * ,I ” 

1 I : I ,’ I . 
*:I 

; f ; “’ : 

!Fa”k>~L. ~. 

c;i1 Il,llCY 

F igurv Ft: Arrow ])lr~l or i he E-field an11 l,<,iinc, pl~,t of t 11t ~~~~~~~~~~ ill 
it ini ;tlclril: tl,e tlt~.till axi<. ii (~liitrl~~r <,f tilt, rilb~: Iik,irlri CIUT~‘IL~ wa. 
~enrrirt <‘II. 

‘l-ll<~ Pos.r,“.‘Il’l’i’or. I’ 

111 t1ri. ]liJYijili>~ s i( ,I. ‘.l~~.<>:lill:I.Y I<,.ll!T. ,,.;i, I,{, r~;ilr~ltiltf.Yl fr<,!,i 
tllr~ fifslli-. fll:?t,- ‘ti’ \:I!:< I. li;ivt. t)r,c,c. cair~~ll;it:~i]. Ficlcl ~*lf~ifiy> 
pc~Y;fv tois. ~1111111 ill.l)~~~li~li(~~~ ;I:lrl iuiryx~;d~ ov(‘> lillc 5, ;~rvi~.k ;11lcl 
i.~Jlllli~~C I’iill 111, i~l~!,ii,l~.,l ‘I‘llI I’< i111ts <‘ill1 al51 I,<. “.l”‘.“‘.“l<Yl 
~raplirdly. AI~~JW pl~>ts WC 11w1 to uyr~~~~i al 3D vcct(lt ii~I(l 
in ii 1Il<.ih ]).Z1111’, :.ral: I,(’ ar1tl (.otltolll. I’ldS Sll!~W ix scal;ir fiCl(l 
i,r iI vf-cflll’ ~‘~‘“11”‘““1lt iI1 ii Illl’hll ]‘lillli. i,l,d Iill,, pItit& SllOW tI!P 
I.iiI.lil~l(~ll i,f ihv ‘,;il,i<’ iil~~l~$ ii li1ic,. All j)liila ;11it1 calc~dbti~~i~~ 
ciin tv n3tnc~tr~ri t<, wirld*nvs 

I\lAFIA Reli asc 3 Tllr Eu~imI1culr~~j 

51al1,v II(~Y fvat uI<‘s arv inrlwltvl ii1 r~-l~+iv 3. Tl1c I,owt~rfilI CO??l- 
7ri(772d Pww.~~~II jIic1ucle 0 Mw7w Fur-ilzt!p alltl Sg7ttbtbbr 1G~m 
czhlr .I ;rllrl vr.;~l~lc.+ t11c, c.~llIstrl~i.:i<)rl of DQ Lt,of~;’ I~YCJ ii ISLU~C~ of 
(c~~ll.li~il:iil~. Thcz Cwi17rct171d E7,ror C’I~cck~7~y facility i\hua+ (liag- 
11~15111’ i,if.‘.>.a;?,‘h, Flc x?hl+ Fll, Handling is a fvat llw. Srclnrutial 
fil*Y ax 1111.d fur I~riu; u~ulpt:t. non ilitwartivcs ~.trll)i~~aud in]lut 
imil fh* r~~or~tiug, tlifz c~)lii~~iand:, cbf iilk inlrmic~tiYv srssicbil. P7.w 
filrz~c call 18~ rwntvti ior Ilarticular ~ll~dul~~h. i”~m intli~idual liar> 
(II fol gi<o-il’>. Tllcm* ia a Builf-ill Edi!or fi~r all thsr fil4.s. The 
riritin SIAFI.4 ZlcLfo Btr*c is a dirrrt acres filv w11cw all tlkr rc’- 
inlti ii1 (1 sf~riivl. G7i:pl,ii,.i c~i!?p~lf k‘iin lw (lin.t.tt7l 10 ii rur,tafilr-. 
a trrulinal or a ]~loti~~r. Mr~u.re Iupuf is also proridrd for. The 
niIf,IIL.-,.Otlfr.Uil~‘li !‘.qr,v 1 71 f 7 f ’ y ow inrlodw au On-li7i( Hcslp Faczi- 
ity. Thr rodeos a~= Compktdy Nal.rdeour~ I7ldr,l’~,l1(~‘,“f. 

hlrtnorr Requirm~rnts 

Tl lr rrquired nmnory for 32 hit ilcnuacy using 100.000 I~OCIW 
varieh 1wtwer11 3 Rllytc for t11r 111rs31 gr~lirra!or hl ant1 14 hil,yrc5 
for both the eigcmsalnc~ so11.c~ E and tllv particlr in ~~~11 codr TS3 
(for 100.000 particles). Thf otllv: e!clr:. lee 8 hlltytrs or lw,. T3 
iucludt-s i* windcjw tr],tioll wllirh malilw l,~ltKJ,~lOii li~~(i~h wit11 
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