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RECENT DEVELOPMENTS IN MAD VERSION 8 

H. Grotc mtl F. c’. Isc)lill 
CERN 

CH-1’211 ‘&m~\~i~ 23 

Abstract Tlw MAD ~xogrn,,~ [l] I <, 1 1’1< I(‘(‘11 lY~\vIittc‘Il rcwntl!~ 
in n~c,st pxt~. Tt I( r J namic 3uc*1101-~- ll*iulilg~‘r 11;~ lw~w rcl,la~~*~l 3 1 
1,~ th C’ERN-wittrn ZEBR.4 padagc, \~hivll his lwen u-<vl h\,<‘- 
ccssfully in nl<~rr’ ttliul 100 otllvr pr0.g an15 6x liigtl-cncrgy 1btlyhii.h 
data anat:xis. 

A licit’ dyllitll:ir :; 31~1~~ l~iincll~~r kt-ty~i I:II.J+‘ t;tl~lt+ i:i iil~21ioiy ilz- 
ion& a.< tll<,y fit: it drm~l>~ thn ou tliil; 01 to tll<, C’I;~!. SSD (S~~tid- 
State Sto:aP;e D,aviwj if ur ~~xsnr!.. Tliv ni(‘t a~‘~‘vhc(~> tal,i<, lulr~ 
ii, il tlalls~lnrcllt \ViL! . l,:i siinplv srlhror1til.t~ vi\!l’r 

Tilt, ixl)ut lmlguag~ tms lwcn estc,n(lrd 10 mt an ~,l)j(~c~t-o~ic~~lr~~~l 
approacl.. i-\~~~~f~l~~1atol c.lemmts nrc> ilcvrilwcl iI1 tcrllii of (~lasw5 
of $il)jwt5. I)r(lvifling t‘i15y wlrl~ticnl of siiigl<, c~l~~ule~~rh iii 2 lqy 
uIa(.hinc. .i po!vmful mcdl~~uisxn 11;1s lw(‘n inll)lrriirwtc~tl for m2it 
ing tablrs of hc-lwdol optical fiulrtiolh al~Cl,‘or vll’lilmlt l>ariilli<'t<'Y5 

ill vlcctvrl positions of thrs mnchim-. Tl~cw tal)lm are p,(-lwr:~td 
and nxittw ilnd~‘r control of it dpaniir twhll- lini~ttler. and ~-:\!i 
11r rw~l tlirrctly I)>- thr, LEP control F!.\t(-!ll. 

hI.AD contains ii 1)loi motl~dc nith ~xriou~ q>tiow to plot chta 
flom lllt,erlml tcrl):v;. Ttlc tablw can also 1~ fml into a >tall<l-;,lon~~ 
pint plxq?Ja*n. 

Tllr rmvritcx IGC bwn c~~~~~~~l~~t~d ill .kpril 1330. Sa~v fmttuc-> 
\vitll wspwt to pwrious verbioih inclutlc: ~Iatct~iiy vmstlitilltb 
for vl~mltwth of tllc‘ tr;illift2 niatris iiil(l for ;ttg< zl)raic ~~nlll~illal iviiq 
of c111a11t it i< s: C’;dnllwt io11 of Elwtro~l Bv;~m P;tr;nn<.trr,~: D,~f(mc~rl 
~~valuatioli of tLuul)i: Spetvl-111) of tilnr-critic21 ~lil>rcnltiilr~i 

Introduction 

At C’ERS l~m:l!- l>rogr;lms mist \viii<dl Ie(llGr(* tlym~~lic nlaw>gc~- 
nli7lt r)f vmlpl1tw IIIC~LI~OI’~ ill tllca fx iimwxk (If a FORTR AS 
~~rugr:nn 1~01 tliiy 1~tul”w tliv ZEBR .-\ pacliiqy [‘2] 1~~ l>(w~ 
tlt?Y~lopr‘c!. It has t11c xhxllt;~~i~ tht tlw liW1 IlWYl 11c,t I,? (‘011. 
corncrl :\hut tlp(l;itillg l)ointcw ulltxli garl)agc: voll(.ctiou l)tl~oill~~i 
urv5saiy. It t:ith lw~~*i 11set1 with access ill ovm 100 dat~i-annl~5is 
prqwuiis for lligll-c>urq)- l)liyiich aiitt hl~o~d~l t lli~rcforc~ lx. nw8o~b 
al,l!,. bug-frrt-. Since it is aviiiliil,lv OII il l;i1-gr varicxty of cxnlipt1t u:, 
it has lwfw adol)t<Yl its a tool for iilil’l(,li:c,lltillC tllv 111~711or! *lnli- 
appnmt ill PII.AD. 

Tllc, ZEBR.4 p;~ckngc allows to Imok “tlata load+” all<1 to link 
ttlcm tcq+tirr ill a trcvlikc- itrur,tlilrx It illpplrts linr-ar tl\t\. 
hurl1 that trm5 ca11 havc~ it vari;ll~lv 1i1:1111)(~ of bralii.li(~ front 
ally fiiwli 110tl,- F~:rtlvwnw~ ZEBR.4 ~l~lq)(il.ts tllr mu-rpt of 
wfvir~i:,‘~~ lil:l;+. i. (3. ll~,iut~‘l.~ wtlic-li niay 11crillt to ally data ol)j(*(,t. 
IF it iii tlic samr or in a tlitfmrnt, tlw. 

ZEBR.4 also co~ltains ;I IX~C~C;~~C to II,;\~ or write \inglp data 
l~~nl;s or cr)nl~~lctc~ trws on sqlla~tial or dirwt ac‘wss files. Thrw 
f<xatrut%h 1~~di0 it why to huit(l ,I*> tlw flat:\ <trllctlmss nrcd(~l iii 
hl.4D. 

Dynamic Table Management 

Alost i~r~r~lfT;\tOI pliysifh [lr~)grilIIlS tcTld to hiilcl large tiil~lCh fol 

sroring tlv. rmldts of thhr colnl)\ttat ion\. Thcw tablw RW thaw 

Tal,lv 1: .4il OPTIC’S Outlmt T;ith EX;IIII~~~ 

0 GAKTR 
0 ALFA 
Q XIY 
0 XIX 
Q QY 
0 QX 
0 CIRCUM 
Q DELTA 
Q COMMENT 
Q ORIGIN 
0 DATE 
0 TIME 
* NAME 
$ %16s 

Bl 
SF1 
QF1 
B2 
SD1 
4D1 

%f 64.3336 
%f 0 241615E-03 
%f - 455673 
%f 2.05279 
%f 0 250049 
%f 0 249961 
%f 79.0000 
%f 0.000000E+00 
%2@s "DATA FCR TEST CELL" 
%24s "MAD 8 Cl IBM - VM/CMS" 
%08s "i9/06/89" 
%08s "00.47.40" d 

S BETX BETY 
%f %f %f 

36.6600 24.8427 126.380 
37.6200 23.8830 130.925 
39.5000 23 6209 132.268 
75 8000 124.709 25.2153 
77.1200 130.933 23.8718 
79.0000 132.277 23.6098 

~~IIKI~S~C~I lartm ill i-arioll- xv:l:, 5. 
A tal)l~~ ~lol~uidl~~~ has a tlilc’e-tlilli(~il~i(lll;11 \rrllr’tlnc.: 01~ tlw t(ll) 

lvv1,1 tllcx tahlc vom~istc of on<- or nmv .~~,q~u~~~f.~ Earl1 scgnlmlt 
colltimls it ti~~own Iltul*l)cr of /?nr.r. ant1 (51~,11 folilr iirlf, (.ollhiht> 
rjf it fiswl 11tuulm of c~jlrrn,.71 rfrfrjr.~ whic!i nl;,!’ 11t’ Illllliwiv or 
;Illlll;~illllllri.ic. Botll thlz ~iliinlw~. of lil:v< 1x” wyllwllt 211~1 the 
IHIIHIW~ of scgmcwts cau I)(\ cl~;r~~yl tlynami~~nll~- if n~rllGlvt1, Es- 

1 rllll 

. 

. 

. 

.-!ll 

Liuwr lattiw flmdious aftrbr w~li ~~lc‘nlr~nt in tltv acwlwntox-. 
011~’ liuc, for c~icl1 l>ositioll. Tlww IU:L~ 1~ w vc~;rl segll~ellts, 
out’ fw t7icli 1xltir’ of tile Illolllwl+iilll I’L I 0~ ~~ol~~i~l~~~v~l. 

Particle positiowi aftrr cacti tI1rll (Iliriilg trarliilig:. onv lint* 
fol- tllc, 1>1\i\y(* c~>:“‘c‘ (.o(~I(ljllilt~~\ of c>;,cI~ l>artivl~~ Ttlcx lilll>\ for 
csac-h tl1rn forill it sqx~l atv scynmt, 

Ttlc, KI~IICV- of tlulm. c.ln~,~~!;lti(~itic~~. all(l r,tllr,l gtnlml ~lt~al~ti- 
riw ax :I !“l:llc.tiol! of nu)1u(‘l~tllm <‘nor. Thii tal,lr volltaiuy OII~~ 
!illv for (*;~(~li mo1n(‘ut1111i vr10~. a:i( I tllqx1v is i,lll!- 1)11<~ >vg111(7lt 

liqy t;ll,l~~~ i,I‘f’ lliilltllrtl ill 1r.-ln 1,). till, *;1111v titlJ1~~ Ill<illii~~‘l 

Thrw a~(’ hul)rm~ti~lC cnll~ to vrc~;~tc~. ~qm~, 1.1~ms. ant1 dcl(~t~~ ;I 
tat blr. T;i’Jtvs cm ~1~0 1~ iishigd vi,1 icut- tylw\ of il~wril~iol y 
wliidl can I)(, accesswl l)y thrir na*nr. S~I~I a tlvscliptor nliglit 
hc tti<s clntc or tinic of crrwtion, w ilrscriptiv~ r-lixractrr sti ing. it 
nlllncric value, etc. SW Talltc 1 for an cs:~nlpl~ of tllcx TFS (Tal)lc~ 
File System for LEP control systcw) format [3]. 

Tnblc crration hre;ins with R sllhrorltinr rat1 to assign the nwt- 
hl- of s~glllcwts awl t11c llllllllwr ,rf IilF p“‘ scg111cmt and to tlrfiw 
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t!lrt tlr-.iu,c! CO~IWIII~ It c~itls lvitll 8 claw r-all \cxihtilig I)llflim 

r(qiiilill ill Stc!Y;lgt’)T 01 a tl~llll~) (‘;I11 / ill1 1~111Y~‘l3 ilrC ~1~lIll~~Wl t0 

hNOllJil1~~ .tol?!g” j, 
‘r;,lht i\ww I)cgiiis \vitli ii sul)rolltillt call to opm t lw talh~. 

;111tl catIs \virll il clov 0~ (lump cdl. 
III <xitlwr cii~r tlic prcq,~ mu wlcc.ts sqyncuts i~ud/or III~PS in 

any or(lr~r. For rac11 srpm~t-lint Imix- it trbll, tllc tal~lc ~rxln:\g~t 
wl:c~tlliv r-~v~tlil~g.. Jvriting I)*’ rll)d;,ting i< tlrsircYl Tlw t:iblv Illiiil- 
;qqq ;il1t~uilari~.ally loatls or dlunlx tllcx rcq1lilcYl I)ufftw twllind 
tll<- s~(‘L~c. Tla, t;ll)l(~ IJ\I~~WQ nil rv<itl~~ iu ZEBRA (l;jtil I~FIII~S. 

T11ci tlci~~rilwtl ilitca: faw nln!ivs it i’ilh>’ to iml)lclll(wt new tal)lc\. 

Plotting 

\l.-\D c~llt:\in~ a gc,~lc,rnl-l,~~rl,osr l)lot ~iiodulr whirli is able to 
l,lot all>. uilmrl it, tahlc ~01111nn againit ;\llotllcr. If tllia:cx arc sm- 
f’l.ill xc~p+“ellt~, thr sr#lll~~llt 11ru11lwr lli;,! act as ia pa”llll’t“r tcj 

l)lot ~v,~ritl (‘,~Lv(‘s 011 thc~ siuw 01’ tliff~wmt frmnrs. It i5 al<0 p,w 
hitjlc tu plot tlkta fral:lr p:~~i~mrtrr against thi, vnluc~ of a ~nrinblt= 
i;l i, fiswl lint>. ~vlwrr the lilac% u7ulll~vr acts as a Immlllrtf~r. 

This ulwllalli~lu call e;rncrate all tliffwmt plot? v:llicll ww~~ pact 
.itllv \vitli v;lrl~cr vmsimls of Slr\D, niltl many ,,lort’. Esmplei 
arc’ g:ix.~~ll in Figurrs 1 and 2. 
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F~SWP 1: LEP tunes \-<xrhlis bp/p 

Input Language Enhancements 

For tlcsigllint: a nv\v accrl~~rator tilt, illl)ut, language’ ~wd so fal 
15 pL-ftY~rly “tlrcpl”f”. Howvl~\-cr. ~11~11 I\I.AD 11ms ill a cent rol 
s)‘it(‘lll “wlll>lltf’r. tl1cw sllolll~l I ‘(’ it ivay to assigii each singlr 
niagl.c’t a luiicl.iiz nam<‘. 111 11rillcil>lr- (~uv colilt! vntvr an c~l9lwllt 
(Idinitioli for c%x-11 magnet and then l)uild up a l)l’i?lll line listing 
the ~~mlvs of ;111 nla~nets v:itllclllt rq)vtition. Tllis ntrtho(l is 
i~on~~c~r tcdiolw alit1 <vi~r-1~*0*1~‘, antI i: qliiclily caIlws ovdiobv 
<If lI.-\D’s <Iat;\ pal. 

Tlw first part of t 1;~ 9ll:ltiori uws the class concrpt It sllc)llld 
1,c IlotPti tht ill1 c4~~nlc~llt kcywd (‘a11 tw collsitlcvtl as tlw IlillliV 

(rf an c~lf~rllvlit cl;iss. ikIlt ali c~lrnlcnt tldinition as tllr cwatioll of ai1 
OhJ’Y’t witliiii this clws. It is 01dy a .kliglit gcncralu.atioli to allow 
IIS<’ of it Ixeviously dcfinr~tl ol,jcct as a 7t:l)clas.s. i. c. to tlrhc~ 
ottL<al- ot)jwt~ 116illg it9 11alnv ;I‘i a hul)i.iilhs niml(‘. Th(s olJjt,cth ill 
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Figlut, 2: LEP tl ackill: l)l<)t .I’ v<Ys,~~ /jl 

a r1x.1 iihrrit all attril)utt~s of tlir, (.las, 1ln11w tllq- ill? w(ldilld 

<Idf’~l.cnt ly. Esamph: 

MQ: QUADRUPOLE, L=1.6 
QF: MQ, K1=0.0123 
QD: MQ, Ki=-0.0123 
QT: MQ, L=l, TILT 

HNI, MQ is tlw clas\ (If ;111 lllaclliu(, ~~~x~~Ir~~~~olc~ whicll all Ilav? 
it leugtll of l.G m. Tlw (.li~iw:, QF atrcl QD a,.+’ the cla~ws of the 
fc,cl~s~ing n11t1 &~fo~~~ssi~~g uiarllin(’ (1’:;~dr~1pol~~ Thvir length is 
inhwitt~(l from thr class MQ. Thr, class QT is the* class of all tilted 
(~lx\vwl) ~~rlatlr~~pul~~s. Its lrngtll (1 111) i\ not inlwritcd fIonl MQ. 
silica, its ildiiiitioii rxl)licitl!. Il1rlltimls 3 li’llptll. 

Tl,c~ swo11(1 paIt of the soluthi i\ tllc, illtro(lllction of the 
SEQUENCE constrtlct This looks ro:vgldy lik the combination 
of r~lenl(xt ddinitions nud ii lint drfinition: 

LEP: SEQUENCE 

QFl: QF, AT=25.3 

QDl: QD, AT=64.2 

ENDSEQUENCE 

From this culstrrlct 1,1.&D l)~~iltls ,L~I w LINE tlciinitiorl. For each 
c~lr~incwt listed it crcatcs a ddiilitioll. It also crvatvs thr Ilvcessnry 
tirift si,acrs to place tliv cwtws of tliv dmlrmt’i at t!lv Iktioils 
mrlltiouc tl with “AT= “, This al>proa~-l~ has tllrw aclvantag(xs: 

l Th-ro i, IIO nwtl to ;~lloc.;\tc~ slxw<’ for ciacll IWW clc.mcnt.. Tllc 
p~“gran’ c‘a*i liltllf’l. ,lS<’ t11c saI11(‘ sto1;qr as for t11r c!as ()I,- 
jctt, ant1 just stow tllcs *Lame iii its nanlc dirrctory. 

l Tlwr~ ih 110 nretl to list XII cvl(mwIlt IM:L~C tn.icv. This wo1~1d IIC 
nc~chwry if thf- r~lernriit alid lini- tlrfinit ions wcrc wpxittd. 

l Tlw SEQUENCE can Ihe cv1qily gcwc,ratcd from a data hxw 

Ncverthc~less it is lvxsiblc to assign sprcial attrihrlte valur- to 
SO11,~’ c~l~~lut~llt illht illl<‘PS 
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LEP: SEQUENCE 

CH27: HKICKER, AT=..., KICK=KCH27 

ENDSEQUENCE 

III tllib czlw l1AD i~llocatvs c,str;r q”+c-c fr)~ thcs el~~lllcllt, Ijut rlli. 

ll;r[‘]“‘I!’ 0111~ fc1r i, fC,\\- >pwi;il <‘lc‘:Il,‘Ilti 

Selective Output 

Tll<, c‘~llitl ,I! ‘~,st<wl rc’c,‘L”<‘i tl1nt %~lVC! iY1 el(*lllc~lit pill‘RlliPti’1’ 

illi(i:lo! lat tlcc- illili.tii)lri an’ i\vi\l d 1 c ill 5, c (tvrl l)oxitiolls. ‘1, I I .] > . Es- 

wlltii3lly tllii i’: all <xtllcqi,ii;\l ,e,lt>ctlq):i frqu11 il ti~l~l(% It l)t~~~.~~li 
ill t1vo \tty 

SELECT, FLAG=OPTICS, rangel, . . . range5 

“FLAG=OPTICS” tc,ll- II-AD that tllca wlw~icnl is \.;rllcl for illI>- 
wl~:<mi OPTICS ,.oninm~~ls IT13 to tiw range scl~~c~tio~~s hisl(,ct 

Ilillllc’- of t~lvlilf3it rla\ws or h~~l)cli\s~rs. Jvith optiolml riillg(l:, of 
oc~‘Iliwlic~~ collnt> fo: ol1tl)l1t. All forlli\ <If 1 alkgc wltv.1 icuis it’i.i\il- 
al)lc> in I)Lf’viijrlz 1-r-1 Ginli 0 f h1J.D i\TP al70 ;wq’tetl. 

S~v.on~l tllrl iw~* sl)(,c,ifi<s-. tllr’ q~mntitic3 to 1)~ u~ittt II: 

OPTICS, CENTRE, COLUMN=name, , name 

Thii ~R\IS(~X 1 ~lllnii.q c !f tlw TFISS n~o<l~~l<~. mxl stores tll<~ sc~lr~ctrd 

SPICY fill tllc .wlrc-trcl posit iolu. ill all mtcml;~l tab]<,. Thv t;ll,lf~ 

ii the-11 Yt.littcm to tlihk ii1 TFS f~irlllilt fc)r furtli~q 1)lclr~‘hs;ilii: I’!. 
otllc~i- ,‘r<,gram~. Tilt, Hag CENTRE c’x,lscc outl)ut in the ce,nfrvs 
of tl1v Sc~lwtcYl I~l<‘lli(‘llt5. If it is ol,li~tc~il, ‘IutplIt oc(‘,:rs at tll<> 
?hlmlt rszfu Flu~llc~ tic,\-il)ilit>- is atl~lctl 1,~ rtyla~-i~l:, tllc SELECT 

(~Ollllllillld~ 1,:. SPLIT c(illlill;lll(ii 

SPLIT, rmgel, ,. , range5, FBACTION=1/4 

SPLIT, rangel, . . . . range5, FRACTION=1/2 

SPLIT, rangel, ._., range5, FRACTION=1/4 

Likr “SELECT, OPTICS” tlk xc~lvrt \ vlru1rnts for o:lt InIt, l>l;t i;i 
t!iis r-s;i~l:~~lc~ rbltti)lit ircurb itt l/-1. l/11. iriltl 3/-k of tllca Ivi~gtla II!” 
wlwf<~cl vlvnlmlts. T11v ‘;a:llv c~lw1<‘11r can occlu ill vvc~r;~l SPLIT 

(.(iIllIll;llll!~ 

Matching Enhancements 

Tllcs Illoct ;~~~~~cw’;~~lt m~l.;lllw11~cx~t is ;l l!c>jv fitting wc.thocl. LMDIF. 

\vllis.Il w\k 1~0~11n~~~v~l ~I.o:I~ tllv DII\I.kD l)~o,q an1 [A]. Tllii saln<‘ 
Illc’tIlo(l ii ;~l-o ~lwcl for fitti1.c ill tllr II.AR!,IOY i,;lIt [5] of J.1J.D 
‘.(‘I \i< 111 > 

SPV%ll ,,riv ll:;it’hll& ,~llIlitIililIt~ cl,,’ ,,<)\V ;lll~~\\-c~~l 

l C’ollitr;\illt\ ou l)o.*iti(lll :II~(I \lol)c of the (c.lowcl) c)l-bit. T!~(w’ 

cr)liiliti,Jll~ 111;\!’ WI.0 I,(, rlwtl to dc5igll (lil,it 1~lUlt~~i. 

l Ti11, ~v~llt*-s of ~natchil~g conditions ma!. ngjxv tlwu:sc~l\w IJV 
\-a1i;\lll~~~. Tlli, ~wr~nit~ illtrr(..~til~g +-ollrlitiolp tc) 1~ ;~l>l)lic~cl. 

:I\ ii:1 r~s;inll~l~~ \.oIlhiclvr ii spin rotator. It i tlvsigu irilrlirc- tlxt 
t 11~~ \w? if.ii 1 l)liahc, iicl\itnw fi-olli txil vrrtical I~r,url\ fo t llc> illtmilc- 

tioil point arv 1 5 arlcl 0.3 i.c,hpccti\,<-ly. Tiiv c~lmlcds (2, 1) of the> 

tl;lrl,bfc,: miltii(.,.i fcu tllc, hiiiw ~l;lrti of lllv niikcllilw ill’lit 11i1w i\ 

5p<srifivd rati,). Tlliy prol~lml ril*l 1~ solvc~l riiing thr foliowill~ 
~‘OIIlllIilll 14 

RATIO := 

RMATRIX, VBl/INTERACT, RM(2,1)=X, RM(3,4)=0 
RMATRIX, VB2/INTERACT, RM(2,1)=RATIO*X, RM!3,4)=0 

VARY, X 

\lllcn hIriD ~.cit&. tllcw ~o~~~l~t,ons. it wric~ tllc* lmrmic~tvr X 

tr)$I’thw u?tli tlw otlic~i ~1rial)lc~ paramc~tms, arltl IllatclkcL* tllc* 
t\vo \~;I]II~~~ RM(2, 1) to tllcx wIII~‘.~ of tlw sl)~vificvl csl)re’ssic)lls. 
Thih :iclJllsts tliis ratio of tlw RM(2,l) valt~c~ as clc~~irml. TII,~ 
(xnltliticlns RM(3,4)=0 au ~vluiv:~lwt to Insking tllcl ~.o:-1l,hl)oll~lill~ 
])ll;lw atlY;~nws lmlf-illtc~g,c7s. Ol)viomsl~~ tilt> ~)~.~~l)lcw~ I);i~al1l(~tt~i.5 

~lNY11~1 I I<’ ~dLwx’I: siirll that illiti;~l.~s~ tllcx 1111;kv~ ii(l~~illli~('C arca ~.IIIv, 
to 0.2 antI 1 ,j n3lwcti\~c~ly. 

Tracking Enhancements 

Th<~ c,llli;r:lc.c.Illc’ilts ill t1arl;ill,~ Irailll:- ilill~ron tilt% tra,.kirlx sl)~wl. 
It is nine ~~os~iltlc~ to sl”*rify llmhl)ills of a w~~~w~cc I)cbforc, t11,’ 
ccul\t it lii’llt > uf tllv scqucwcc~ ijrt’ dd-i~ic~l. Tlw tlifll\fc.l. maI’ f<,l 
thus vvitlt‘cw nAl I)(. wallmtc~c! n-11~11 it is ~cy~~il-vti for tllc fii ‘ir 
tililcs. ;ii:~l it xvill ;iiltl,tll~iti(.;ill!. lw I.~~l~ill~~lll;lt~‘~l \!-ll(Yi a s~~ht(‘lll 
~‘“r;““t’tc~r dl;lllePh. 

Electron Beam Parameters 

‘I-li~~ ~>IYW,I~I,I DE.~IIP.AR.I~I [C] 1 Ia!, IWll ;Kl;q’tcvl to lx’(Y)111~’ 

i, ll;~,tllll~~ of 11.-2D. It p’1fo1.111 CI all th, ~~al~~ltl;~tion~ it clitl iii it 
italiil-al,lllr program. bllt ir l!ai I10 w\tlivti,llli iit r1.v I.IU~I~~(Y of” 

c~lc.ilic7it5 it CRLI tlraat. 
Tilt% l)aralnt~tc’rs c;~lcl:iatc~tl illrlllclt, tllr, tllll” ,111ft. lx an1 hid{,-. 

c wit t ihui‘fk (‘1II’r~~llt~. 11nkiuo,~it>-. !‘\I:‘ ;:oTwr. 1)11;1~~ ;I( X<,,1<‘1’. I -’ 

)III.::I,I -i/r>. ;+lltl tllc> T’, ,~~.-cll(,l; lii;,ri~uc .A-. an cq)tioll. ‘11,. vi) 

cqq- \\ 1.1 1)~. ;Itl;tlltc~cl til :I siv<w Ii k’ 1>cmt’l. 

P;lr;lllll~f”li ill<:1 ;,. I .f’ I (‘III rr’llt. tl1r. ll<~illll *ifa’-. ;t:ltl tllc, c,li:it- 

lilIl(‘<‘~ ;,I‘(’ ;I\-;\:l;rl,l<~ tr> Xf.AD rl:~ltllll~~x \c;illr~~l ilIl’i,y’li~~~tl~ 
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