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A Simulation Program for Low Energy Injcctiou Study* 

Iall t1su 

,S~~nclr~~olw~r llif(iti~lii)~~ ( ‘( fift I’, i.rrii*c r,q;i,y of ll’~,sic~c~r~ric:t, ,211idi~ori. 11-l 5 i.‘i~!l. i-.\’ I 

Al,strwt 

I!,,., ,,i I Ii/’ l<,ll& dillllplll~ ,,nir at /<I\\. “ll”i‘;> 11.1. >illl- 

.II.L~I~~, uc I;LII? ~I~LCI~X~* wit11 trwiinr: tw\ of nlilllou lurn~ 
cd .-I ~~rdl Ili~~u.+iii~d~ Ibnrtiilo It \\-Od<i r,v,lliw ilh~ilil 011‘ 
i‘l’l. jt,;\r or \‘AS ?(lll(l ,<) l<B tlw ~lllllll~itl’>il 13) I,“,“‘>“‘& 
\/>I It ,‘!1> ,I<‘. L;wn-l4pt~ -I,:,1 2 y“l.ll ,ri,c Lin; I~Tlilll’jlW 
w cd I ilo 111~ h~~~il~l.itio~~ ill sc\c~i~l (‘I’(’ llc>llr\ I)! lIlc> hrllllt’ 

,111,) l,C,I’ 1’111. .cl,ll,lliltl,ul rl’hlilts ;3qrwi \\.llll Ill? ,I!<) LhUl?‘- 
,,,,.,,I ,l,!i,l,, tiw i,i, r,r;rcj or I IlC Illi~ilsii~t ll1i’lll 

I)IIC. ttr 1 II~* (~~iil)lii~,q lx.twt*e’r, Ilor.i/unl ,\I 111(11 ioil :irl~l vc~rl 

t al nlot10li 25 erll it’i 1 IIP ilo~l-wri) clis~wrhiw ;tt t hc iiijcc.1 ioli 

]Willi ; .~‘1,t 1i1,3 ), t ]I(, 51 II~J- of t I\(, irljwl ion i;irlcaliiai ic al\vay\ 

if:?.rsl\.c~~ <IX (lil~~c’~lilol~dl i)li;:st~ L;j)acc’ trd(.killg. Ill Orcilbr ttr g(‘i 

p,,‘“i il.,1 I<li, i, \\I’ l,<YYl tu iiillul;~l~’ nt I1,ast Sl’\YTill 1 liol:wlic! 

,L,, ticl,~,. ‘I Ilf~ :r;ic.killr: !i:ll(’ st,c,ulil :)I’ iYllldl to or gwatt? 
t l~iill 111~‘ ~!;iil.~)itig t 111~~1. 1’11ilc.r thaw ~~or~ditioni. 111t. irtj<,( i:r,lt 

.i~~ii~l~t:i~~t f,,: lo\: wit’rg;,’ mitciliiic (c.g. It)0 II<,\. ‘I will i’l’clllil~c’ 

11, I~,‘il,~,ll,l/li~’ (‘1’1. ,111,~‘. lxv 11115,’ Illi. (i2lllllli7l: t illl(. 01 I(iiV t.11 
“,KJ ,:iil\ II ,I(’ i, 11, tllt~ Ol-iltY of rlii:lic,rl iilril~. ‘I~lIcYYd-‘rc~. 11 1s 
~~f’t.qvai J ‘0 cIt.:.~~l(,j) n iiilillidtion p~ugram \!llicll call pro1) 
t*lI\, <illiillc 1~3 tlli. irijt,i.lictlb 1>:.oct’i5 in <i rc’dholli3l~lc’ (‘1’1. 1 inI<. 
111 1111, ,‘:‘,“‘I \V(’ ,,‘1f’ .\iatldin Ri <, St 1111~ rx3rIi]A~. IlOU~~~~W 
tl1r, [‘r”g’.“‘L Ii 11111 :Il<lillilii~ ]““‘<il”“i <‘I 5 ii-1 1 I< tmi .\l;itlilir 

i. ;+ 1 (Zf,\. rlc( ir,,:r ilorqc~ ring lci~-al~~~l <rt thus S~~~t~~-i~rol~oli 

l~;L,lI‘,l ,1,11 (‘1.111,‘; of 1 1lC l-lliwr’ll~~ of \\‘i\(.l)llSill. !Lladiwt1. II 
11~~5 /IWI~ :ik c~j)f~ation it< ii a:.iicl~:.clt 1‘013 raciialion w11rc’v si:li.<’ 

I!%.? citl: ,.lx1**;1gcT ,I( < dm;,~d “Ii, i’(‘T11 i of ;ll1olii. “00 Ill.1 [I] 

‘I’ 1~’ jlijtr ,I- 111 :\l;~rltlill i* a I(l(l \I,,\’ I itcfd rack Il)icroi roli[2]. 

\\‘v (I ii i<lc, [Iif, Illjt,c.lic,tl jjroc-49\ irlto 1ilrc.t’ rt;rePs for IlIt 

I)III’IJ~IC~’ 0i_ 1 llcs ~i~w~l~~i~oi~. ‘I IL<, iirii ii age’ is clurirL,q tilv Iwnlll 

iit./c,c.licrli ;1i,ll t11~. kiclic~s \ill~. \vitll lilrl<s. \\‘c tit%;11 tll<x firqt Ioil 
tt~rili (I: Iii<, 510iiigt’ I.~II~ .75 a l011g 11.~i~~qx111 liilv ailcl 1r;lc.l; Iii<. 

~~;ri( I( 1,~ .II t II<, t’llll six dinx~nsioniil pllas~~ spif0’. ‘I’llr~ WY or:(l 

rt<,p,:l, ;\ ;iItf~I tll(* kic-LT$ IM\.f’ rlir3ci c,llt %ll<l IH~friw 1 II? 1l<‘Sl 

I itlit, w’ ii, cj t III~ lcirl;s~r~. f)urill,g 1 lli i 51 apt’ t Ii? 1 ,‘it,,“\~<~rs<’ 05 

c ~ll;~liill~ i, rllliil~l)c):l;~~~l, r\-wpt wv <11~~l11il IcToglli7r tlrat :tRt’l 
L,II<’ Illlltiou 111111~ 1 ilt, tit-talrriri trbii,c, <)f cii(~ll pdl’tii.‘c i5 rd11 
iltblri’\- ~l~~‘lil~lltel. ‘l’liui, ill IlliY \t;rei*, wc cali dtTo’l[jic~ t hi, 
i;i111111iit 1,)1 111 tli,i fc,I1gitllclini!l Illof iou ar:<l I IIf’ 1 rctil‘r\.<,r5it’ 1110 

t loli 10 t atli :iO llijfliun tl~rrl~ t)f ‘),OOC ]mllirlv in Iulieitrlcl: 
1~~11 Juliet:+, .I) 1, t’ <till 11mvli d lot <jr (‘PI. t iilli’ ii<ing lllc ilciriiitl 

1 ti~c k-ii: 11ic~tl10~l. ‘1 Iit* c0111pui iqq i irn(, rile IJP grcally r(~(111r.cvl 

/ri kI5iits I, ‘l‘lt.\\:<] I,-‘I’RA i’i ii coclt~ 11wd ICI do lullgil 1IcIII1;il 

d Idi< ,,I<, -f’ 1 I-;,c.;iin:: Ii!, “Yillg I II<, nirl]‘litIld~~ Jr.[“‘“‘l”‘li 5J-I) 
c 111 0t ro11 ii~i~111;11 io/l lx~rlorl \Vc> ~ili disc ril) l..‘l‘fI.\ ITI tictail 
141 VI. ‘I Iii t lliril it ap,i’ IN~~IIS riclit l~vi‘orv t Iif. tlc,ut 1 imc wr liu 

t ]I(* lil( kc>1 i. ;III~I l;,,t-; lillt ii lhr> kirlwri wncli 1 hi,ir mnsiwlrn 

;~l;il)liIl.,lr~ \I.II(.II the, ncsst illjvc-iv1 I~c’it[tl coIil~‘~ in IhTol-c> w 
il,dlt (l:is itag”. \ve s 1,111 ,I Id im oul)lc. 1 tit, loligitlltllrlal osci:l+ 
t ,011 ill:<1 Ill<. t~;l,,\\‘c’,st‘ owi llalidll. thvrl trllal l!l? slmlr;lRc’ :ri:ig 

il\ A lili~g 11x1,1)0! t lilli* iip,:iliil. ,\ftcr tile‘ ihii~l il;ipc*. lli<, 1)1(1 

<155 ~013 I,,ic.!i tt) tllc, Iii51 hti\q’. IJirlll-c* I SllO\:.’ 1 llt, ill<!< I, 

<Il;~~r<llli <,1’ \:ll.it \Y<’ <I<w I.jl)(YI RJ)OTI’. ‘I‘li<, tlf~t;ril <if Il,PiV TV,’ 

tifv v1111lv :I,(> t m( liillt: of 1 III* t rarlcv~~rw Irlotiurl illlri (!I(‘ Iclrlp,m 

i ii~lr~.dl ii trtiLl~l 4:1il II,,\!, ?v<’ IYTO~I~~!V ~IIVIII v.ill 111, riiG( ~!\w~i 

iI\ t 111, rich,:1 i(~.i is)11 

*Work supponcd by NSF lhrough SRC. 
**Currcn~ address : SLAC, Bin 66, P.0. Rex 4349. Stanford 

CA 04?(V). 
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1 ,Cl,I-<> .\ b1,w.n L~1<~‘.‘~“” l)f tl1r 5~i~~i~ld~~~o vf fit/ in.1t.c fiia 

‘I’llr, S~IIIIIIHI~OII Ii> t AI’ I’r,cii~~~~~i I l,itlt, \I< t 110~1 

‘;ill~rle f’nr t ic-lc’ I r-ackirlc 

111 1 II~S ,I 11flv. t IIC ldt t ic.4, 15 ~I~~IIIIISY~ to 1~) !iIl<‘ifr ~311~1 h.lvv 
*I<, ili1pwi’c~r.t ion. i\ 7 x 7 llldt ri\ !\ iiclc’cjitiltib for t lit, iis 4iiriic~rb 
\ioilitl f rackill’: 0 f ii lillra;:r I111 tins. \\.v II(V! OTB,’ TIL~~IC~ ~liri~~li 
iilcil> ill 1 tic’ t lit. nlni ri\: tl) 1)rw1”( (3 1 li<‘ t,iftvt (II_ kic!i~sr~. ‘l‘l!ca 
011c t iirj1 1 ri~li5forll~nt ioli 11li\t ris is lil-c,kvl! Ilit w\.caral lr;lri>form 

tlint IO!, rlialrict-5 it i1ic.h rry)wwll qmmt ‘I or lllP \\hcllc~ rirr!: 
lhqvc.m71 1111, 11vc1 cx)llwcvlti\c I~i;~lri~~i5. w’ i‘i!ll I)111 tllf. cti;lg 

i~~hl ic ro~lllniill~l an~l/ul t 11c I)l~~ii~-dl ;11x’ri urw. Ih’c~HlIw t hv 
, ]O,CY] orl,it c tii3llg(w it5 1 ilv hiclivr ric it iit ion ilw:w~Ivs. tlus 

fir\1 111111,11.~Yl 11,111’: ill 1 III, SllII.+y ,‘“,fi ifiF’ Iwul ti-nrlwl 111 ;1 
i,,lq 1 ~;i~l\l)~ilt lilac’ rvhii-li collki51 i of 01lii Ililrii!l~Yl s:Ilit:l t r.iil\ 

ji(,r+ iir~m. Far11 011c of llir ilrlilll lr;iflv;lxrt lilac+ iy oni’ lliru 

i,f tIlta \to~-agc’ riilg. :llwtlt 27 c)f tlir,lli Ilavc, di!frrrnt !iir.k17 
1t!~‘11,c2111. .\flrT till, Ij;iYic >lrrictllrl~ is l,Ui11. \I<‘ ~“‘1 Ill+. r~ol!lrol 

l<l,l,l,\ iill,, II,,* ,““<‘“‘Z’ ‘I 11ew <,11’ : 

. t II<’ t,ilLrc> &l;y; twti\‘~~~~li 1 h(l Illjtdt~cl llilrt I,-lF dllil 1 t1c ill- 
ll(~i.1 I sr I I igkgw 

l 1 !IC~ t init, c!c~ldy I)cbt \vw*l t II<, 11111<v 101 1 I igei,l itl,cl llic, 111.1< 

11~ 1 li~g,:‘.r ~,f t hc two !iic ;ii.l.i. 

l 1 iif, t i:llt’ cl< Ia\ lv~i ivw~ll 1 tIf/ ilc,bc,l, &I t I-ig:vr lil~r’ Iii< Ii< I 

#‘2 t I i#@? 

l t hc, kic~lwi- it rcwill I1 CL kit kcr- $i 1 itnil t iliit ilf Lii.kc.1. ffll 

f:iallrcT 2 is iln orltl”‘l uf lllc, priy,r;:~,i. Fir, 2i;*) id a Iror~ 

!/Ml.il pll<iw \I)<l(‘<’ ]ll”l I‘ig. ajl,) i5 1111* i~Lil.l/o:ltill I”,sitioll 
t i. tirrlc~ (in unit5 of rvvol~Ili~irr t i:nr) I“ig. ?I,<) is t hc kic!i~~~ ilrmgt jl 9(‘<‘11 11). t IIts ! lit< .kt$~l l~ari ir.lt9 ‘l’llr tloi~l7orii dl axis i5 
t 1.<, Itidwr 51 ““ngt 11 2s ii [“‘I C<‘lli of 1 h<’ i’lill St rwl~t II. ‘1‘111~ \‘<‘I 

1 il.ill asi I\ tilnr. in units of rc~volrltioti t11rlf’. 011 1111, riylll toI> 

cjtji4rtm. 111~ valli~ of lhr pal~:lmvlcw of tliic r1/11 iL; j~rinlr~d fr- 

1 Li< 1.1111 \v(’ ot;ly I>lot 0111 ?‘I tllliis. 
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I iplrc ‘2: .%I iilltpil: (If the Slll~ll~ p>irllCle il;Lllij>li:’ !irl<x ‘r.irbii-r 
(the) d~1a:lt4 dw%p*im is in the tout) 

f’ulwi I~CHIII Sii>lii!.atio!; 

:\ft<‘r. tl:v ~~)llil~l~,tillp II! tliv slliglt~ 11artl(-i~. lrda,Lilia l>ro 
prar,1. Ill<, ~llll’(’ li~‘nlll lrarlspoI~1 Iilll’ 11-d.iil,~ <‘RI, I,,~ (h,ll, 
wl!. tydhi!,i. \\‘lidt 11cwl5 10 lw d(!uc, i> 10 i~p~l;~li~ 1 \I(~ ]IIO,!~;~II~ 

ti, llwlniiv ;illl~~ IO ;Kw],t lli? IlljcYtrYl l).~dlll ilLIt Id1 (.011~1111<~11 
(lt=d.r.il)t ioIl. tl vi: 1 (ill tlirz l)art it It.5 SC~~~I~+I~I iall>. ‘I‘lie i~lili:~~t 
fo:~rnat ii chali~;c~i. 100. Nc,;v \I’<’ Olll>~ plot t I1wr* part :c.le 
rvllic~tl ll;I\-t~ blili ,i’<‘< I aftssr- 1111. T,II). :\IIJ IYII~II~~II~I~~OT~ c~f 1~4) 
dimr~lisiolb ollt rjf <ix di~llrrlsioiibl 11,. 1’ dw \t);trf~ irlforirldt 1ori 
(‘iill tw phttwl iJIll 

Siricr, t Ilo liijt~ctui I~ti;iir~ l)~llsr* ltwqi II i- rilx~~lt 1 t ~11it’s t II~, 
I iilk (.il.< iirrli‘t~ ‘li~.(‘. WIICII 1vv l)ls)t I IIC firI. IMJ~I~ i(~ia_ tllr. ilIt’<,: 
iliatiori a:, tv v*actl>~ wliat l~ortlvil of I III, tll~tiv tm! iwarl: l)111+% 
liii\ Yl11 1 ixr,ll. Ii lll(lrlt~ll. ‘I‘lli\ il~f~~rrl!;it i011 c ail I)<, I:llfolrlm/ 
Iry wLlllt’d; “‘p, -I: - c pro~rdm to pht th(* c,ri$irlal ll<hii :ori of 1 lit> 
>ilrt.i\ iTliT 1~1’1 idh ‘I 11i5 iilfi,i.llldril)li i\ 11vfl11 fol. 11s to 3~1 
p-1 1 lit> iri,,vr.tio;l 1~1a11:t’lfw lo prt l~,l11.1 ilijm lit,rl cxllii iihric >. 
I-lgllw :I ~llO\\Li a,, oI;l~‘l’t of’ Illi, ,““!L,‘n,r,. ‘l‘llr, ll~lrizolltal 
asi\ IS tile tilllfs I,, i:1 113~ fc,1 I”“dil.lC’i ,,ai~lTle t lrroll~li kl, 
olisorvat io:l po~l1t at 1 hc ~twaor ri1rg ar1<1 t11r \.rrtiral WYlS ,c 
thv fi:lal 111~riio1~1~11 p~bil j<)tl S iii 111111 l,ie1:14, 1 ChO~VS ii,, 
otlr~~r ill11 put 01‘ 1 Ills ,>K’grilrr, Smv. tilt* liorizollfiil :aYih is 1 IIC/ 
tlibtal <‘<’ s ,I> Ill<,tcv hlg ttir, i,<~‘iIIi /‘lll\t. lN’f<Jli. tll<> liC’ill.1 
i5 itl.jivtc.(l iiltib Tliv stc~ragc~ ri:lg ;ill<l tllc, v~diral iixL\ i% tlr<, 
itlitial l~o~i.,olltal l~hit~or~ S 111 rillll \\;, < HI1 it’< ‘hl.I.( i’ 2 
I jig r,ortioii of t hc fi-orii 1m1t of the I~~‘;3111 lli1lw I hnl 1’; lost 
Ill t hi‘ c ah<‘. i”C’ ril,t,t’ ivnrlt tt\- 10 ir1tt.t.i I Iif. l~‘.ilii 111ilcr~ lal(,i 
(v:il11 rt~~~fvi Ii, t II~. i:illm-1<11, 1 ri?qcr ) /jl’ i.ll.~litlr. l;om<’ c)t hc i 
~FI~HIIIC~~~~I‘ to ,d-,r~ l~r*i~.lv v;lli(,ll ivf’il* 1~8~1 iI1 tll<* !rc)llt I>‘311 
<,I t ll<. tx~all: pliP. 

-5.0 k, , , ; , , 1 , ( ( , I-j 
0 100 200 300 

to ( nsec. ) 

F‘I~:~Iw 3: AI r~utput of the pulsr twm1 tranipnt lirlv trachlrig 

i.‘ln,ll horimr-trill pnsitlcln S vs ttll, tilnv 1,) !clr pdid+ p.iein~: 

tlrrmtqh an ohwrr,a:.m poirii ITI t hc +c~r;~qr’ ~I:SL: 

___-._---.- ---- 

150 100 50 0 -50 -100 -150 

s Cm) 

I‘iguw -I .zn w,tpur Jf tli? pui,.. Imill lrnll~;“‘rl Ii,,,. tr.i L,r,i: 
tnitld horizontal plritl )II S vs rli,t~~nce~ S alc~n~ ttlsl jlp;ll~! p,>l,,s 

twfor*~ ilJP’tl*l.: l~il< Ii 0 >ttlra<c ri:tt;. 

‘1.0 tlacli pa~tic~lv.; iI1 Iutigituilillal l)ha~<‘ spares for d ir,rlg ~IIIIC’ 

~ic~rioil cciil tw (Ionc ili a Illuc-li 1~5: (‘1’1’ iilll<. 11) ll\irlg 111<% 
mplit ur!r ric’[“‘“‘l”rlt ymrht I’o:1 OSf‘i lint im prl iqicl. r:igrirt, .i 
sl~o~~s ! ilc l>lorli diagram of 1 II<‘ t I-arLiiig v 11~11~. -\Y 90011 
,*G tl!v inil:;tl (.oliditiolli irl 411t. pIlaw >p.,t’<~ <‘I;) a11‘1 L.F.‘(, of 
:IIV l>,-tltii.le~ arc ,qirml, I IIf’ i’vt rrr11t’ 1)lb.l~. ~3, C~:~il 0; ~311 )I(. 
t aI~:IIH’~‘d f!.,.J111 llw (‘ijlliil il~li~ l] : 

:d’ L I! 
-- -- ---.--- (cc,\<:, + &\(1,‘$,) ; 

(1’ 

2 
+ 

c 0.~0, 
~~-- ( c 4 J. ‘3, i.? ] ,. ; !2 i.2, ) 
c c ,.. ,:i I 

I!” 
-----~(ri,i~T,~, + t:‘12.~:!ir:l,: (11 
< 0 i 0 I 

wl~c~rc~ I! i\ tiiv h111.41 rllill>litlid4 % drl:;llldi 8J.r.c hrot rur! o~i.illiilioi: 
~:“‘,1”‘““~’ dlld 0, :\ 1 lit’s? u~~11101~011~ Iljt,iyf~. .\ftc,r nfs i<llk,u 0, 

,iii11 G:,, li~f% 5~ *lc Licit r011 wb.ill.itI<+ii j~l~io,l ‘/,[I:>,,. LC’,,) rC~./ 1~. 
<~d/i.illatt~<l f~.,,ili tlw f~,llo~vill~ t~lli,ii iun[ II : 

,.~ _ ” .I 
i 

,!,:: 
I! A, I;;; ,$ I r; . , 

12, 
[i 01 c:‘. I 

f ( 0 . 0 ” : = .lC+,,, O~?llO, t 
C’,,,. 0 ( 
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l.leltrr~ 7. T!le hiocb diagram 01 the Tl~s~ ti~ili’illiili~m! ;)l~dw ip,ic< 
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‘l’lic~lc~forc. if w kv;rilt lo 1r;rt.k il lmrticich for ii tiller ‘I‘. 

ivliat ivc’ IIN~LI t 0 t ~i!c I< is 011ly thus frd( 1101,i1l ih11 t 01’ - --L--.--- 

I’c1r ~‘Y<l:llllh’. 11_ ‘1 :- I st’c. an(f ?,(: 
I . ( ili -3 il.‘,L 1 

O(,- ~L1;,, = 0.1 1 I,,‘ic’~‘.. 
1 ““” 0 
(1 I I Y 1 iZ.,%ii ! hv I ililcs for wllii tl Iv<’ rl~wl to 1 rack is olif~, 

I) ,4,-l; ‘< 0 I I I!, it <‘ = 0.13) ,?,.‘iC i’. ‘1;) I I.‘,< k l()()() p[.ti(.I~‘s \\.ii !I 
iliil~~r~~:~I 111 1 id1 (.k,llclii ior Car 1 wroi~~l 0111! t;lkt,, ‘S (‘1’1. itiill- 
utc9 t1r1 0 \..\I 2l~llll: ii cvifl t;ifitx :i(j (‘1’1. llOill.‘r d‘ ti1r ><ll,,<’ 
c I.~III~BII~I~I t.~lil,q t 1111 tior~li~il trar.j\illj: ~i~ctl~~,ti. 

If I II<, t Ia< kills t iill<, I !i IIIIII.I~ hri,,ill~v t lii!ll tllr~ r.icliiit ioli 
ilcih~ll~i.~c tilli,,, t Iit, r;rcllat ioii tfalill’iilr: vifv1.1 i\ III~~I~I~I~~~I I,\ 
I.lYl’li..l 1s ! I.<, I’WilLlll~‘ll iunpl:l iid? HI 111C~ <W(l oj’ tl-Wkillc; a<‘- 
~~~~iilir~g to 1 llf, 1 Ia< :iIlI:< tillrc illl~j t!lv r;r(li,ilic~u di~llll)lll~ 11111,,. 
11‘ ttrr, trdc i,iiip, 11111t’ ‘I 1’. limit illil(.ll hnlilflt’r t 11dll I lw ra~lid 
I ioii <liLclll)illg till:<,. we’ irill l)n~af; I’ into s:ilallt~r. f,it~c3. vacli 
of t 118711 r1111~.31 5l,li1llr’r tl~air 1111, ri1~1idlit111 <lanilti~kg ti:llcs. it~lcf 
t h4‘11 (II, I Ii<. tl~ddiill~. If~W SInall ,vi will I)rr;lk 7’ tlc~l”w’l, (,I, 
Ilo:v ;:cr’lir;ilt~ tll<, ielilt \vct wallt ;illci hip\: t~~ucfl (‘1’1’ tilllc 
XV<’ f a,: h~W11~1 ‘i’llC lbf,~uft ‘r’ I a ur in tllc, ~wcl~~ 1,.‘1‘11:\ is 0~1~’ 
tl’litll III‘ ill<, I.H~IIHliOll aiitrlb[)irl,K tirl!t~. I\‘,, <‘ail Cll;illgt~ 1lliil I)! 

irllb~lttili~ i11iotl1~~r valrlr. 

Sinllllation cdf h~lr~lti~~ulsc~ Tlluit,ll~l~ui filjct troll .______--. 

1’41 (11) ~~lilltil~~~lhv rxllilliturn itljwliotl iillll;latiiill. the, re 
Iriaiiiir:g l~rol~lwl is ’ fle (‘orknwd ion 1x.t wm’n t hc, <ix rliillcm 
iiot~al Ijilav s1xtc.f’ il~ali’ljk~rt lill(, t rai.kirly nllcl 111~~ 1011g tillIf> 
f~~r~giluil~~~al tjl~ase space I rat-kilig. ‘1‘1 ,(’ ronnc,-1 ion is dOll(~ 
ill tflc, fulls wing way. \l‘r, ~.liowe ai, i\~l~it*ar-> point iri ti14, 
ring: say tf.r> fsmitioll wtlcw tflc infi<actor ib Irx.atwl. Ifc~rc \fc 
011ly; CICW ritua IIIIW to d(~~mplc ,ii~(l tl1(71 rv~.o~~j)l~~ tIlta 1101i 
z’~illal i‘OOI lill;il<~ alit1 11:c lorlpitrId!ll;r! wimflll;~tc~. ‘ill+* saint 

1111 tlii,~l dlllllie~< t<j tl1(, \~~-~r.tiral rocuclik.;iti~. f.‘rwu I~01 11 il c111-~v~l 

111’ ‘1.ll’l’lllC’ll’ <11.11 111 t’ ullt[lilt of Sl’S( ‘II. 111~’ li~liiw fllilc-ti~llli 
.i.w ‘1. .iIl<i 1)’ at 1111’ inllcdor ;Iihit iou cd), tn* ktlov,~ FIXPIll 

I IIfS I;~ll~,ll.ill~ !i.l,il IIJi,j_ 

,I _ .i- .i 1 -+ ] .A’- tT ca) 
.y:’ = >y’. + pc. I:’ (11 

1,)’ l,il~,w!,~: \. .i’. ar II 11: fro111 tllf> t111ci of till, iis (lilllv,l 
\1011.11 1 !.Hdcillg. .Y,, ar1d .‘;,; <‘ail lw CalCillrit~‘~l. ~l‘hf~r~4i~l.~ 
we’ I,non I II~* 1101 i7011td fh~t;tt~-c~~~ ohrill~~li~ir. ;~ri~;~lil~~rlr~ .I,. II 
I!IC*IP i. drl,j ~lii~lil~i:lj: ii111int7 tlic, ldiigil iitli-121 tl-arfdng. ’ 1121 

c ark IT .il)l)llt~l to .I, ;rll,llyt irally rlGlig ihcs villii~~i of t lw t ravk- 
ill& I ~II.<, i1111l 111“ ~fnlllf,irlg i~nir.. 

.,\t lll<~ <WI <,f lll<~ lwlg t.irrlc~ tl.ilrki:lfi w.c ll;i\-I* ./, </v illIll 
0. 211,. r\ccoril~rlg !(I flip. 3 and t*;fi. 4. if IV<> knon .\-,+. -\‘?, allcl 
-I/:. \Y(’ kTl,,\V .Y rlIl<l ,\” 13y tiw SiilllC' ;!l~;urIlcrrl 'IV<' l-a,, pf'f I 
;II.cl I ' I fli< wil: provide 118 tll(, illit 1~11 mldit ions for t II<. IICCSI 
~i,I$P l1..1l~li111~,. N(,\V 111v jwollI~.II1 i\ hii\% \I’<. p’t .Y,< illIll .Y,‘$ 
lti pf’t S,, Ifici .Y,‘,, \tc’ rlcYtf to hliuiv tllc, I)f*t;il rcJ11 o~~~ilI~~li~,i~ 

;li:l],fitrl~li~ .I, rlll(l tlif. Id~lat ror, pllil.~’ $, /\Cter a lc)li,g t inIl., 
111 1111r , .i\lf’ 0 \ i”C or 2 7 x IO” lilrll5. 1111~ l~i’talroil phv :“. 

of Ills> ~lijcv 1~~1 I~drlic.lf5 i< dis: ritil~lc4I ~-d~~ilon:l~~. ~‘I~IY~~~oIY~. 
!:‘I‘ cd;1 gc’i .\, and .\“j l~i, krlo\vir.g .I, iincl li\ilig R I~.~II~IoI~II~~ 
~ll~t~ilii~l~~~l I~c~.alr011 ~iliaw. 

I’ll<’ di~ll111(*111 IIf 1 /I*l riti~~i(lllll!~ dial i-ll~ill (VI l)llaw i\ \‘(‘I! 
i1t~]~orld:11. l<sv.;111w of tlial wc’ (‘iill (I(9 0111)lf. llrc- tri~rfiirlg allif 

lllc, si1111iliif1i311 cbr Illjm 1 C,II (311 Iif’ cii811e. i11 ,, if~,ti~r~i~l~l~ (‘i’i 

tilllc‘. :\I90 ollly if !rc‘ t:tIiC’ tliii r.\11hlon1 r>lfc,ct iill i9i‘co,1111, 
I‘i,,, ivt d,wril I<’ t Ilt’ 1’11~ iir.11 ~,v~lcrr~ ~or1~‘\ $11. I/.’ qq111t (i ih 
tllc, I.cLhiilt elf 1 Iit’ si!3ililsil io11 <II‘ 11lj~~l101i ivil I. I II~, tl.1111 I di~i’<* 

i.c>rlf)lirle K :- II)% her difi’r~r~~irt lb’ dllfl kit lir*l, \~I~‘I ~111 ,5’k 
111 this sirl!lll.ltioil. to xd:‘c’ (‘1’1’ tilllc’. !vv I;<,% it 5111;~fl~~r I~s;i,lr 
uii4,. SO. \l’r’ 1t1111’ Ill’r’ll ICI trTl<'li 2.1.;O IlHrlic I<%. I’lli It’il(f\ to 
a Ili~IIc~r illjtzm.l ioll c,ilic it.li( i 

bt (he\\ 

-..- 

i‘.t: 17~ fi. ‘i’tlt’ rf3hlit (if Iti0 ~.I~~II/;L~Ic~:~ ilf llijvc-tic)r \sil Ii Ii <j vni11 
tan “ (.~111p1111:: h : 10%. &,,J \. 11. .tr.rl kit-!ei SliCi~~f h .s‘, t 
ii n~~~~~ii:rwl va1111, OF \l.~dd 71 :~i~rdw’f~v~ 

-rllr~7~* ~iitii:/;ll,~l,l 1~~11111 i ar,rl tllc, 1)al ic I<. lih, 1,111‘ i11lr111;: 
irlj~~ctiorl afir-w kv~ll will1 t II<. rll(,;lslll-(,rilc,li( withill 1111, IIIC~~ 

1111f’111(‘111 arc’,,, ;u./i] I+ HI% 1 ,f I( 1’ II5 to 1111llV1~1 aal tilt, it’ll,,,,<, 
IO115 fat staciiing rat? \vliich let rlladdin hey ahlc Lo acciinitilat~~ 

Tl’lTC tlhirl wo rn-1. 
.~\~~k~lll~~l~‘~l~l11(.111 A-- 

I ~~0111~1 Ilk<, b thank 1’roC Iic4lII S~IIIOII jt’~~~v(mity <,I 
\~ib(.ollsill I\IAlliSori) ancl 1.:ct. I(ow as \CCll a’; II!<, it(~c~<~f(~t.ilt<>l~ 
rlw+qm~w~ gro,,,’ iSJX(‘) f,,: t1t1311ern)~t\ I’rliitflll cllslliiioll.. 
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