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I . r:-<·tROOUC·l"ION 

LMi\I'W.C<.l ""J·ko-<llII.iI"ul~\i<.>u, of .. He""Y.j"" r,,· 
,i"" f"':itil)· ..... . ""n Ih. nMY1!T, II nl)! ~ 1>«IlIN .... Ith 
cur.en, ooft .. ~. and h",d",~ ~~pOOlll\>c.. Ci\'Ou \hc 
" "111" ojf ...... ~u .. t .... Ill..:. 1Il~~,ld , .. '""""I'Irl hy ,"0), ')T>M 
al.imul •• don.. tclyla,o; ",1cI~. on the ~_ ill OO<llv u1.O.' 
l",,'Ii .. .,.,., "'''' .. , 11 nil' '\lfllcltnt. t:levt~"'" ond inl.o= 
duc\i(;clinl() 0lOI" «><lei or """"<1 ,;llid'lUI u~m"rlcol , ... .. 
nX!U"I ID". \ 1>11 p.<rI. rI ti>ll """". In IhI! pal""" ...... 8-

parI <:wi the ow ... 0/ .... ong""" ~!I'or\ o.iu,O<! Q' 'u",,," 
~"~ lb. AJ.opli ... Moah RoIln_. (AMR) lI!duriqo~ 
If¢(> 1',,"ldf-I~·c.u (I'IC) ",oddn;. 'J'Irio 10 po.n 0/ ~ 
"""" &CJ>Cl0l dtor\. 10 .....vl.r A)fll. W )IlN.<D. m<.><lcIWK. 
Wbil~ _ C1"....'I}. eonctl'll'~ 01\ 1m1>1en ... 1I~ A.\lJI 
IDIO oJocuOllu>1ic PIC codct. we 1110 ~~.". j" Ojlpli<:Jo. 
tina 1<> oIN:tmrn.ou>O!JIle models and VI...,.. ';"",1",10IlI. 
lD tbe Ihs\ pt.n of ~ paj>Cr, we .. m P<1IiWI !he- meoL 
m;"""""" /:tIt\M[>I, ~ brio{ hlNory of A \lIt ( ... iIia....,.. 
.. -w.d1y ~ tor null! ~). and , ... pO­

tom".1 t...n.&o to ~["" fus\olO . Thf ~ ['ar\ 
...w exm"l~ lhc IIIalD itlUOlI ill iOWbilllt AUB. L<> IlllJI10ls 
''''',d. a)ntaln parilclee and .. ~,,". 'ftw ~ """I-
0plI1CIit. of. all clccuool.allc AMR.-PlC cWo: ;,. t-.l un 
u... a>Jphna nf I ... _l<Iotl"I:~: etoornix> [3[ for 
A."tR ud. W.-\RP 191 "" PIC. We ~ut \1 .. awcuach 
1W'l ....... "" d d .... o6'"' in , .... tlIird pu1: ... -!UI ....... d .. 

.~ .... ,tIM>!. _I .... v ... , ..... "'" -10)- ...... 
"""" ,..t.o. ...... ' n,... ........ , .... I~"'1 " ~. ","" ' .,I",,, C. \1<709 
I""; , ', 10 ,fIj ,,~. I p"", ,~ , ~ .• ~ Mtr.' I ~, .... , ;m,yo!tM . ..,. .. 

ul .'.1>IR.-PIC ,illlubtiu<I.' realiY>!! with. RZ I"')'"'~Y!" 
d • ...., lopod In WA IU ' <U"" P'"""""'" In 'O<! ',.,1 i>l'rt. 

II. THE MESH REFL ..... E:MEl'-'l' METHOD 

'!b" l.i..,.h Rmw",,,,,n """'lHH! (\IR) ;.. ~ 1«:I",iol"" 
10< rdinm,.; cert.o.i.I> r~po"" cf <be ph)'I~'" ~"Iu • 
pbo....d calcuL..u)D, ltIR __ .... "" .. "In:morl,,.) ",iw~ 
"""P" •• t.II""';~e terelrmtn to • ..,.,." IQ · on 1M .pee!llc 
'~""" of" 1',000.w lb", lUll 11M'" ir" •• ,"UUI I<> il> ...,. 
I"..",. . n~ .. U.~n ""Inlri"Z u.~~ \he wI'>oIe ,J\lt1>It.\11)n 
4", \he """",.~ ,..,..,!UI;",. /dB. 01\(,.1 cl~r.:lC~~ 'et­
oIuti,., in ~ ~,.,."f I)w, pmhI ...... ),""'" <4 inTn· 
eo1 "'" ~ "ill> ~ fiBer mcU> th.:IO ~ $UUOUndillfl 
nV<>os; for tim<><J.pmdml I""bw..., th. fl,...,. .......... 
are alw u. ~ adnoccd ",i\h .. .....nor tin:<> 0I.cp 
'Jl..,....,..buuz cl m.viD3 to pmfJtTII. tbft....ur., .".)"' .... 
lion at. tho 1i1=!..-.bnion IILI>ki.'s pooolbk Ibt ooI"liott 
<i a witloo- razty' cl problom:o. &""""""'" tho ....... ,i ,bft 
phyti<:aI d<mWn tUt ""'1<1 ~t ~ and ......, 
nuori<:nrlistrih"ri<., oftM .... ......-n ~ n'.~'''·y 
... Ute'i m"l"'ion UDfoldo; t.hi.s .. ~·n M Ad.l.pU\O\' ~ieIh 
Rdin.mmr {AMR). 

TIw hie<=";r:al6V1Jetu"'" trid aprlUdl now kooo.·o 
... AMit ..... r.nl ,Je.Uuvc<l by ~r -.J 014.", \3j 
( 1111>4) fnr hyf""'b<>lk. pa.rtW d,If ....... lI.oJ "'lulUloo • . Th. 
"Ppr..,..,n to .>daptl'" giddinl uood bore _< de""lopod 
roc <Xl<I.'""""tioo. la ........ 1II "' ... " ..... ', ...... 1"" 0., l,;,ytly .w~ 
~ful fa< &a< dyll.3.lDic& br lkqe, and O>Ieila (f.] (lMO) 
in 'wo di"'~"oon' , Bdl. B.q ... Sol"""", ..,,,1 Wol· 
COO><' III (lW l) """",dod. tbo! methodoioQo to til, .. di· 



men,iOI"'. Mure ra."Wlly. AMR ~8S """H & lenUOO I<> 
~ vax1",}" of p,OOIerM and a lgorithm oh", ,,,,,, i,.,dud i,.,; , 
uut llC'l lilllilOO 10. ,.,h il", \~" \·","ia~k-<XlOffioiC<l1 Poi,­
SOl') "'Iuation, th e IJelmhol" "'1"'fi<)fl. th€ 'Y'\em of hy. 
V"rholic coli""'''''l.io" law, KO"e,uing in.iocid g"" dynamo 
iO' , tho c.ocnpr ... ihle =<I immn]>re><!ible :<IAVie,·Stuko. 
oqualion'. IUId t l>< equations Ihat e"""n ,eact;nt flo .. " 
,uch "" Ih""" Ihut ""CUI" ~, Vl"eUl.ixoo .00 uooP«'''''''''''' 
tombust\(m " Til., lI",vy_T<>n_Fll<inn P"W1U1l will oon.tlt 
f,""'" \he inl",ducU<)fl of tho AMR tochnique in """,ra! 
.,.. ... ci i~ mooei i"t effort, Ie'ding <0 inr"lI'"at"n ";mllb· 
lion, of liLe uri,,,,", Cr."",,", oou,"cc I<> , .. ~C( " 11LC modeling 
of Ihe particle injectot in dehil ofkr,o. 3 'peMfic cI1:<Jl"ny 
duo w \J.., V"'"","'" of " ,iM; ularily 1n the oolutioo at 
Iho «rrl\tin~ 'u,f,,~_ Co'wer~ "lI,di<', nf th. HiSh. 
C"n~"1 Ex"","iru",,1. (HCX) iuje<l.o, ~t Lll)lL. u,ing on 
axj'Y"'memc (HZ) prowtYf"l AMH·Pol,,,,,,, ",,1_ , h..., 
,I"""" ~~al a , or;," flllC r=luUon i, ncodcd around the 
emittinc ,"rf""" (_ below). Tn tim .c,c"' ..,,,w r, a«:u· 
,,,"" ulOdcliug of lwJo gen",~tion coli. fOI a detailed de­
'mpr;oo of Ihe 1>."", edg< whH:h the A~!R t"dmique 
~ill rendeI ~ble Ihroul':h wh mesh re/inemenl and 
"d~l"i" ity ca~bilil.i"". ill LJ.., fu:;iou chwul.>cr.". a sdC­
con, i'lent , imulation cl a 1><= "'""Y j, still out ci reach, 
"'''\ In. inb"()rlu[~im' ()f AMR would .um' mur. nwiu 
1"'01\<=. 1Il O,deI 10 take fuU • ..:h3nlaze ci d&ent ap­
proxim",wm, of the Vl~"o,,_M=w.jl ,y,l"m, we vl"" loO 

ililrodu'O< AMH Inlo ou, PIC EieclL"oo,atJc and 1!i""'M-
1ll!!J,II""" mooeb, ""J ~\\i"w<-cl)' 1>110 0\lI0 Vla.sov modoL 

I ' h ~ impl"",""t."'","" of tl>. PIC eI,,"·lr"'t~ti, capahilil...' 
i, ur.d<r w~f. ",hile the <>th'" im pJ""","Wi"'" navo b",m 
left fm fuu"" wurk. 

Ill. APPLICA'fION TO PAB.TICLE-IN_C EI.L 
P LAS:..tA SIMULATION 

The applicaiion of th€ me8h refin""",nt li\chni~"e w 
?It pl..,Iill< "illlula~iun ll.,..,z; spt-ciul car< in Olde, t(l 

ayoid tn. inlwduction 0< ,purio", 'lIfoct, into the m,>del, 
Cit: at 1"",,1 I<> win;u""" t.lJ<:.Ln. The main new cholkngo 
i. t.h< P'eseI1'" ol m""'~..-ticle< Th. inf;n><lnct>on of 
AMR i" L,"OOuoo; u ,puriou, fOICO that may potOllti'.I1)' 
air., t.he parl i,"e moti()l[ to an w"'""'iKHi.>le le"d. Also, 
wm" implcruontMio"" cJ. AMH may vi{}lM<- conservar"ion 
h",.. ,,,,d/o< ill1nxl".."< llm,-pli;'51oal ,lOll-linear11;", (""­
harmonic £orOO$)_ Finolly, in the case ol <l""lr()ll1~nAl;k 
PIC ";mlll.d"",,, the intnxlu<~i,," uf AMR is ohallc"ll­
in,!: due ~ Ihe l"dle<l.iOll or hi~h froqUC1"'Y ",.,,~ M Ihe 
bou"d"'l' of ",-"jinem!'nt JW-clr "'Ill.. in ~n ... lLl. ",raij;h.I, 
furw""l iUll'lc",.,nlal.iOllS of AMR into doctrtJrn"'-l;1\('l i'" 
l"(>(\e< y;.,ld lin"",,,!. algc",itinm. 

Scvorul "",1400' CM be onvi' ioncd to couple" fine erl<J 
and tho "''''''''"' grirt in whi,:h il ;., ~",cl,",",d , ••• J i,.,u:;,; ~wo 

, 
or them_ Tbc mool , \raightforwatd roethoo oo""i,,,<, 0"'" 
tho ,,,lmi,,,, ru... boer, eo.k;ull>leo.ll<> 'he d.,,;'cd p<cci,ion 
on tho ~ grid, :;e<tlne the- fioe ~'id p~t"h h<ll mrurry 
vJJu~ .. (fur Dirichlel oou"dari.,, ) ti""ough inte,pcl"tion 
hem t he COO~ (?id «l!u,.ion. All the Dirichlet oouuu­
","," ha,'u".; beeu..,1 on t he line ~rid, & ,oIution "' the" 
oornput...-l in tn. int~ri(),. and Ihe V"'''OUU1"C j, 'ttu,"sivciy 
p:::rl"ormed fot: ""y ..nnem""t PM;;n t.haL it ",ro!,u,,", (!hi, 
.. tn. Pl'f~",dill" thal 10", """" uood 1n tho ¢xampk given 
in the ~_ ,ut-:lion ''ilO'u,,; with 1n",,,uplLIticl,,n. 

Another methOO , which i. t ho default ilL the Cb;l<Uho 
p~~ [oj. coosisls or itcra t ing t l>< ""lullo" bacl: ""d 
forth bet",,,",, • pa,ch >n<l it , molher griu , A, iL, ti,e 
otlLe, mellLOJ, Didchlct hwndaTY value; for t ho fi"" ViO 
"" inte' pol ",eo) frQm the ""m,,, grid ><>IU\.101l. Then, u 
'v<'cifJ<d IlUlnk, of iteratio,", are pe:riorm<ld in rho fin. 
trid and the fin . lllld <X>IInJ< gricl :du ~iuuo "'" rc<:oncilcd 
ol",-jn~ .. "synchQni>atioo." 'Iep which CO"'"'"'"' i" ""fo" :ing 
tbe floe erid ""hltirm "" rh., c"""," ~,"id ,>O<3e:llocutcl 
in' idc .ho !inc gLCid~. Thit proc~,," i, il, .. ore:l 
,mtil =""'g''''':e. 

'~lril" Ihe >€OOnd ruethOO h., been mo~'n to I:><l of 
hit:/!"'" ,..de, I" ,,,,,,,a0'. it ,·;[)lat ... CHU,," ' Luw undO)" 
"IL"'W illipl",u".Ll~~ciOll and mOOiJic6 the """"'. (rid 00-

lution, eventually i~trod' H:iUg o\l"" wi>e IL<ln-pR";j(;ul. """­
li" "",i !;", inw Ihac wl uUon. Thcoe lwo effoct, m ~)" be 
iM",,, fur &C",~awr ",,><Wing. Bolh met.lwdo arc be;n,<; 
irupl"'''en .... -<llli><i will be romp"'''''' 

II . l osu •• witb mac"'P"'"tlek. 

One 'mn~r.;tun. of PIC modeling CI)I".d,U of d.tinj"C 
,I>< cI1argo dopooiti<:fl (from ma",,'partickoo 10 Ih. grid) 
""cl field glLlheriL'l! (from the !';Tid 10 t l>< m"",op.u1id .. ) 
in . uch " w~)' \.() avoid s""",,,,ing "Pnrxm, ..df-Co,"c<:, 
However. it CWl be :Jw~'n thM, foc eI .. d r twatic, til<> In­
u oduruoo of m""h lWin"",.nt d""" ='"" u ,p",io", im 
"-'1" of ~ panicle "" tho interf",," OOIw.-en ~ eo""", lU[d 
a tine grid Mlln¥menl \llilch. II i, e,",,' to d=orutrau" 
Ihi' .ace(" on a dmplc """mp." a MOM "'1""" t"e!luhr 
~rid ("morh",' ~d) of w ,di",€n,ioncd length L with a 
local rdlnomCIIt patcb oonsi"i"g of a :12':12 Iiq ll!1:re '"~"­
I", ~d of lelLJllh L/4., TIle cen(oCre of the ''nloto..~· eri{i 
and \he patch en d c.oin.:i<l • . A ,jug"' _tid.., .. ",il iul_ 
i:=l .u.1< pOOilioo {X,,¥o} in the fit\(' (;l"id_ FO!" each tim. 
.top, the chatce (undim"n,inoffi) of the _ Iide" do­
JXIOit"d "II botJ, gLCids C£i1L~ linear wdght ing. The field i, 
oompul<>::l <)fl the ~ rnd u,;ng ~ Poi""., ,001""" .... 
'nming DindI!.t lK.llld...-y co>1dition i' ~ 0 at the bo<.,~d­
urie. _ TI>< ..,Iution it to"" hn.~dy inl"",lhtd fruill (.be 
en",,", " id uutu t.l", fine grid boundori .. and the fi elrl 
oolution i, oolvOO 0" th~ fin~ grid (fi"t melhoJ ucsc,"ibcd 
iu tlLe pn,",ed1"11 oubooction). Tn' fl<, ld i, ,I>.n lin .. .ady 
in"'rpol~!J>o"l 0,..1 to the, _\ide u,irJ~ cl", 0'""'" wcij;ht­
iil~ f""ewOOl .. fet: the d>ar:::<, de"",ilinn. Tho porti"le;, 
fiooJly ..-\van("l!{\ ,c"<in! a leav-fr01 VuMcL If tho pa<ticle 
i, ouwdc tho Hne crid, on ly the "''''"''' grid;, "'''LQiuc.r.«I 



_· .. v 

.) 

....... ... , " ",,, "" .. ,m' 

t";~uro 1: Dlfect rI """h ,din"",,,,,, on ~ .; .. gl< p .... id. ".... 
I.,~. .1 ,ho,.. , he JIl",d> CQ~fi.r;u,",i<>rI. A ".t I='iol< "' 
ini,;.Ji·oe<l in ,oo "'" V;.i ",,<.ch ",,<I i ...... ,"""-'<1 b)' iu. im~' 
<1.",. to ,ho ml>UJli< I>llundary {at ,h. '"""'''' gri" han,,), Tn 
bl, tho 'ime ovolutioo of 'h' ?1I1"ti<:lo p",;,;on;, ~V<!l h on 
"",,,1"",",, (pl";~ I;~. ) ",d for ~ """,,"-;\11 =>h ",finemo:nt 
(dw;hc-d t;url_ "Tho I"'l",,,o..,;.o., 0: the ll&joctOlY .. ~, ,h;., , be C<ju;,'aIc.o, ",- . ""uri_ "iw'llC' of 'h< " .,.II""'id< 
i< iwoo OC<>d by '"" ~ «<"""liCU' 

h U," e.kulat.iou. On"" .he I-"U1jcie re""h"" Ihe C"U<l.l',", 
grid ll<mm\",;"' , it ""p","e"o'l' ",pOOJla" ",fIeet;",, _ Th~ 
fin<> grid i, r%ct.ival<x! .. " ooon ... he par Uck =nlo" i._ 

l7i~.J d;splays tlte rreul1;S fur a particle Uriti.o..li.od at 
{Xo,Yu}- {26 •. 12j (in the "'''''''' grid m"," , ;" ,mit.<1 ""d 
" ""' _ t'''"' _ O. The rCliwt( u' ing the,:ct c.L 1"-0 ~rid\ ""' 
de""ih"d abov .. ~'" '''mp~N\d to" ref, ... ."" ,"'-'"' WOO, " 
t.ho <limO proM"", i<; n m or. a unilo<m 128'128 squ.re 
r"!, ,l~, grid ("', ,h..t it h., I.he Ml1l. ,..,.r.olminn M Ih . 
Ii"" grid patch) , 

The pMlid¢ i , "t'ract.od by ito image at the ooundo:ry 
a.nd mov"," too,lITd, t he <:In"pill. hound. ry. ,I., it .hauld 
~ornWly 00 and ~ in tho rcl<ronce c",o , t.h< particle 
lllU\"" 1.0""",<1 tl", d"""" lXJUnciary oml l",wl=< b..do, 
""d '" 00. Bm ;n t.n . c_ of til . ~_gri~ "'I, the [liIrt.ic", 
i , , otl"",ed at Ihe ;'1<O,f""", bel"""ll lhc fine grid ~auh 
a.nd the ma,,,," >TInlhe, gri(l, m~.>.:"iTIg 'h&t .TI elf""" " 1,,1\" 
oknt 1.0 01>0 p".,..,))eC of ~ ,pl1l'iou, ,,<pulsjyc ;uJaj\c fC<'<:C 
h" hffln c,,,,,tf'(i ~ Ihe inTe,f""" by ,he 1ox. 1 ,..~"eme",, _ 

Tccluu~"c, (Uot Ue.crj),W bel~ 1 CO llli1.ij;Hte Ihi> dT",,1 
h,y. h",n ""PI""'" "no will \w ;mp"''"""tM if t.e6t.. on 

C. Electrom!\,inotle way,," 

The modeling uC dectrum»)\uet.ic .,.ave, I-"""'" a 'vecifi" 
dall""c" to t he"", "I """h refinement and , rn"" een"­
ally, to tllc UIlC ofn<m-Cnrw,l"" re~ul.t;'lids. This is d ue 
w ti1 e fact that WaV<l prop"e~'i on In ~ac""m is ~ P''''''''-' 
(jJal. l:tas "" "iuurule illClOO'1" 01 v"-'~ events so <lJal. ClToc. 
tend to accumulate, leodinc \.0 iruto.bilitr, U)' nature, & 

WV<u !'l'iu <:all u"""lXlrl OIU,y WI"'" wh""" w .. "d"'l~tl~ 
exceed rouf:hly t ... i"". the roosh ' pacinz, Uen"", .. hen ,... 
fiuir!j.i WI •• .-co, by pa,ob;ll~ a fu>< )(J:iu o~ u contSC one, 
~ Land cl ","wl"neth, '-hi o~n be ,...,.,ked "" th. 1\"", 
grid CO!ill(l\ be rc--...ol,cd on !he COO-l'S< OIlO, "",d nrc rc­
flf'd '.! ..t rho fi"""",""","",, .¢d inte,f""",. ~"'''' reft"' : I~m' 
ore cvkkntly unphy.icai and con build the field eD<r~)' 

"P hy m"ltip", roft",~i"." n" u,~ ho"nd.r .... nf , t>. fin~ 

Wid, ),{o,,,,,,,,r, ""' '\>own in Ill), the rdl<xdon of th= 
WM'~" 'It tM InW"f:u:" i, """,;;.;..,rl with,n .mplific."'ioo 
of lhc refkctcd w.,'c t ho.! con r~o,ch ~ facte< of 10 in thc 
c ..... of ,..fin. "",nl "nt.h in 'f'"'" ""~ in time (, rnl.n ... ,;mo 
,teps in tho rC~llcd region) of a fo.otor of 3, for a och<,mo 
b!ls",l ()n ') lUllP:;" o[ fin" !'lid l'"i"l , ",..,r "h emaU! c"-,,,,",e 
grid pcinu and linear inte' pol.liont t o Connect the two 
1'P(.k Some ullpwvelnen< ca" \,., obt!!.ir",d by ~PPl.~iUjR all 

""erey con_v;n~ sch<>m" [6) ",hi,il IC<"re! , hy """"""0-
tio" , the rofi""tion 1",,(.Or to be unit)'_ Adj'-"'tablc damp 
ill";. "" d""d(~,.,d in Ill). "'" RI:.O help by uamj!iH~ the 
,be" ",a"'length> t l1M ( "" , Uture these 'pu, ;ou, ,eI1oc..-d 
WRvt'''-". at the price o( d"mpill~ phy,iclll ""a,." a t \10. "ill!e 
rre<juencioo. Another approach [11) oon'''~ in ,educ­
ing the rell .. ",i"" [""tor hy fOCl llall), rewrit ing the mul· 
tidimen,;on&l .,aye equation inl.o ",,,,,odimen'innal W3"" 

"4"""i",,,, tlll<t lire , plit UI)OU <lIe uireclxlIt ul prova~aLj"" 
of ,he ",a_ ~I (101 g , ,, ",,1,- '~ "'O<pti0n of ,ho mn, id · 
crod way(", at officioney oomparable \0 the firn ",de, . or 
"v""luall)' .emnd ""de" Erljoi4uist ,,"d),jaj& akurbin~ 
boundMy oondltion 17] can b< achle.ed oo na Ihi' IOCh ­
ni~ue. Furlh" .. ,.,ulli-~i()<J uf Ihe reJlecliun [""Iur by oru""" 
of magnil<ld", m~y requite tbe u"" of patohes <urround", 
hy Perfeclly.MatclJeL!.Laye.- (I':\IL) 12. 121 [.~iou', F", 
ruch a tectmique , for """h r.finemenl paldl '-Ppli'ld to a 
">!OTher grid, ,m alliliti<xoo patch havill.'l <lIe ""lle reoo!LJ­
tion Of> the ooaree grid 01>1' wiU "" n~, 'Ilu, tecinl ql1" 
reli", on the [",1 that. ,n,'" w .... "..len~tl" fJ<",enl iI! Ihe 
line-griddcd po.tcn ",ill b<e Clo&t<d by WOJr<:e' Io<at <'d In­
.;o~ I.hi, """'" p~tdl only. He""", 'he ,b<K"t wa""u,II.)\th, 
CI-,n b<e <Dmput ed 00 11>0 Ii"" pat Ch , independ""l ly of Ihe 
wOOl. uUlH!lin c.k"Uloliun , "nu be ,,,Me<! lou Ihe c""". 
grid """Iion, p",,-;OO<! I"" , ,he lnng,w>Vilh<1glh info,," 
m~\i<lJj relatod to th o """", ooor= h aY< aloo been cal 
""I.U!d ioo.p!'ndelltly on the "'''''''''' grid l}II.t d l >wu , ub­
,t,'~C\cd fOOill tho ",-!>ole don"";n solution. Cc":,,pru-ed to 
",uaJ m ... h rennemen' ,,,,,hn;q' ,", , \hi' ~ppr(j",:b h"" tho 
wlVlW"""e of remuyu !j.i ~h" couvlirij\ lo<L~ttn tho 00<1"'0 
~d .nO the patch b<lnno.""" """'''''ing "",ociatM l'ml~ 



I""" ..... 1 w;ili .... \illJj !.h. implernol!ltll.tiDll. 

N . D£Vl>L O PM&Yl' at· THIl WAfil'_CHOMllO 
PACKACE: 

A n(>(lal implem<'ntalion ci ~ mul~d AMR oolvor 
W lhe Pois"",n c~u~l;';m u'inJo: Shu<tly. Weller ~'c"t <",U") 
di""""i,ariOil of IIit! [ .>,pI"";..,, "per""" (w ""coun\ for 
in~"ml ix>undOlks <>I subccll ,_Iu\;uu) I"", hee.t, 00-
,-"lopOO in Chomb~. In our configurarion, A litrar)' 
colllaini,l,!I Ch<Mnlx>', .,,,,,,,,,, .. bl •. " .. tim:" i, [lIm'id<il to 
tit. WAlt!' linker which m<>rg(l$ the two p~, to­
gether , AppftJprill.u, colh t.o Chornbo m utm.. .,.. mati. 
I)y WAID ' FOJU IL\I\', toulin", which <11'> mggcred by 
~ lIil;I; which iii; ..,\ up by (h e u><r in WARP', Prth <H' 
"", ;pt ;» .... f"" • . flo, 'l>"";aJi~ UM, .om<' of t ho Ohornl:>o 
(",,(..in",", sUch os h .• lI:'1!R Pois:lo.u. "",lve .. , lire eWlabl. di­
rect ly from WAfl,T", r rthon \nWfa~. 

While the pl'(~I<H"ion.le",,1 general tIl,..,.".clim"",i<ln oJ 
.~ .\H\ 1'0;"00 wive< i, t...; ne: cleveloped in Ute Chornbo 
pilcl<.a.Ke, we lr:a,,, b uill a p,<-'-OIYl-'" .w,ywmetric (RZ) 
A\fRcP",MOn ""',-.r on rhe f0l1 nd3T,ion , cl WA HT", r- ' 
Poisson "",)ve,', This It ... oIlow<d LIS w hellin \.0 exvw,e 
'ho hmen" of AMR for inj«:to' , ;mulatiOl1 , "'. des<;,iOOd 
iu IlLe 'lC>.1 scc lion. 

V. EXAMPLE, SIMULATiON OF THE: HCX 
SOURCF. WITlI WA RP_R7. 

r ig.2 ,ill,,", a ",,,,,,hot <><ken from ~ movi~ of on encl_ 
to-etld 1JeX ,imulMion. A, explained in lID], ",ucOO\$ful 
end·to_",xi >imul"'Hm ",qni"" ~ wry rl.tail.,.-l ,imnl>±H,n 
ci lhe front end, W. J'T"""'-t IS<)m~ =ult. obtained on 
th. "'H,ver~.nr: :. IrilHly "f tho HeX "",,"'" , imnWion, In 
arder to fc>ou, on tho wuro<, no quadrupOle were conoid· 
eroo, whiclr: oll",,-.,d u, tu bonefit from th. ""L'Y'Ilmetry 
of to. SY"'''''' , ;.hu, rooucing t o. di"""'ionillity of til< 
,"Jl,ula(jQ", . Ass"min~ Ib,,\ we "'" Lr:,le,"'lru OU)~i~' lb. 
"~)'-"a,,, """"lion, th~ ,;mu l<ltioo .... re performed in 
~ "quasi \iro<:-dcj)<udcu(" JllO<.!c, whet" ll'" elocl,oolulic 
fie ld "'''' ,",Iv .. l.",..,y 10 tim. Irt"f'" in >J I th~ nm .. , W. 
h.we u&ed a tin" "op of I n, and tho run "' .. '10\> af 
I,,, 1000 time • .."., (11l" pl!y.;ical time). A SI'''l'')",t ci 
the particlE'S distribution a.I tho end of t he run i<; gi>m 
in ri~ .. 1 fcc R c"]e,,latiun u.ing ~ grid of nr*ru-,';!j '1l-40 
coli, (giving"% '" 3.6mm a.nd IJz '" O.Dmm) . The nun,. 
h ... of ""n, ... ,,", ch"",n "" ,h,r, Ihere """ >T, !e"t 1(1 grid 
lin"" croort,!; the emitting region in e;0r: dimcnmon (.he 
~.mittin~ . ",f",," lta>< ~ r",liu, of ,~.08<:m lUId!lll exten.-U".ll 
of 6, 1.~mm In . ) , w~ ,.ill me< to thi' run "' the "oase 
..uu". We defi"" \1., ,ir:ll")Miu~ _lUI""'"" d "'he[ mil' 
hy 'wo inlegw-o, ngf and npf, whidt NlfI_1 re£l>""t;''''y 
Ute ",ult-ipli,,,,,,c foct'" IN (lte n"",oc, oC cell, ill coch 
dim"""Hm on" tb. nnmh..- "f p>riid~" wi,h '""port t<l 

Ute bai;c run. Hence, a run l<WcIcd (ll~r=2 , llpf= 4) ho.d .. 
grid "f 112'12W ,,,,lh and """,I fum ti""" tho nnmbe< "I 

• 

Fig"'" 2, Ill"'liO lrum """'" 01 ~n ""d-","<"~ WAnp .<kroul>_ 
~O~ ol <he HCX ""perimonl . Th",J,,,,,,, t h. b<wn, . mite 
w1 horn .h< "'"n'~ (1m ), ~;'" ' h ro<1Ah ,~< fu:!t 
qn>dtupoltt<, 

m""'Ofl>l"ficJ<... of t he l""" run. W. rILU lbe c"""'" In~= I , 
llpll J (i .o., l=<: grid), (ngf_2, npf=~ ) , {nd=4, npf= lfi) 
,nd {ngf= 2, npk4, wi,h ru",,\r: refu,e,uenlj. Fo.. the )"'1 
c"""', a mcoh rclinom""t ~Ich M,~n~ two Ii""", ,ho "' .. 
oluri"" of t he initW grid in "...:I, dilllo.r:1Sto1l w"" applio::<l 
On tile emitte< r~ion . The limit.. of tho pl<td, = ,huwn 
by a ;clline (:.l Fig .3 Lot "" t><' Ihe com p" t!n~ eM' 
"f ~ rim, th= w •. k",,: cc(u!1=4 , llvf= (6)=4cc(ngI"_ 2, 
npf~4)_ 1(;cc(ngf_ l, npf_1)"'1c£{" gf= ~, npf=4, with 
lu""h refiuelllelll ). ri~.4 ""d F;~ . ,j di,play «»P"C\i"'ly 
Ut~ O!mitto.nee M a function of • ond > bAAm ,Ii<", ph,,",," 
'P""" pruje<.1.iun, t.aJ,;",r:, 0.1. lbe end of Iho run" h OOt 
Figk it foU""" tb3\ b.iener re."b"i nn m""", a r",h:· 
lion 01 the .,w,,""'''''. Fl'Olll Fig. ';"'~ con inkr thaI Ih;" 
emitta-nce reducti"" "linkecl to Ih. I",,~ of a hook at 
Ihe <>.l;(e of lhe dimibu\ion, .. hich :>Jso reduCE'S whon 
th. ,.,.,I,,!ion ri..,.. W. ,.ul!!Xk tloul we oblained r""u\I, 
,e,y 0100< to the high"'t ,,,",,Iutl,,,, C",", {ngf=4 , npf- 1ft) 
wiUt 11>0< <...., {ngf-2, npf= 4, wilh lUesh 'dinement], al 
a wurth of tho compulatiOl"\aJ CO& . 

VI. CONCLUSiON 

We ha", d;OCUBSOO the pot""ti"] h"",{it> uf n", wloo­
clu<:ti<m of tho .oL\lR l.chniquc feo: Ihc Ho~yy-lon l 'u&O!l 
pr%l'= , ,.. well ,.. the oiffi",Ir.i", tha1 >lXi"" in its .... 
plicHUuu !-to ,,1a9uJ.a GIld o.coolcrator mode/inC. W. h ~y. 
rr-nloo too ongoing .Eori of cuup1irlJoi "'-' ex,,"wK ."-.\lR 
~e willi Uto PIC cod. WAltI' &nd ha"".howTJ thw: 
~ "':gnm<:!lnt ,..,due"t;"" fucto, ""uld be obtained in com 
puw< timo = t on tlte simulation <>f ~ k")-· i""'Je 1m HIF, 
We. wlldutl. [rom !lu. Vrdiruhmry 6tu<iy that the in.ro­
dUotiOCl <:L tho A.\tIt t.oc!tniqtJ€ im" h""", !lnd pl..,m • 
.unw...ioa:, uIf",~ Ihe v<>\cut.4Il of mOre eflic;',,, cAA;u la-
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I .. <Of .... """" r.m.o<'''''' pUCb. tho< ... "..~ u.w U. wOO or 
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