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Abstmct 

Tltr wolkittg Iloiitt t~IlttrJs itt t,ltr 7fA\‘iltrOll ;I1 !I00 (:(aIF arc 
ttottiittillly iii ;III ;IY~;I iii l)rt;tttx)t~ triitcs sl);~vf~ t,lt;tt, I~ortlri~~ 

tlic> 7t,lt r7t1~1 Fbt.lt oI.tlt~c rtw~i~i~~t~~~~s. Ati ;ttt.ttitIl)t, v;iil I)(% 
ttii1~1~ itt tltis I!)!)2 collitlrr riiii to tt~r-‘;~~~trr~ wltf+lbt~l. t.ltv 
I)c~;illt-l)c~;rItt itttvralctiott Ibl;lys dt1 itttj)oLt ill11 rolf‘ itt tlyivtttg 
1‘~‘sot1;1uCrh itt this rcyj(ott 01’ tttttv s;1’;i~t’, Ex[bc~vititc~itt ;11 I‘+ 
sl1lt.s which i&ttt~if\i t,ltr I)~‘illll-1)Pilltl tlAVc~ii 1’rd~)tt;ttt(‘(‘s itt? 
~)~CW?llt?(l. All ~X~~~-‘l.iltll’lltill 1ll~‘tltO~l Of’ i’itsiitittg lt(‘il(l-(Ill 
collisiotts in otxl~~ t,o tttiitiirtizr~ o~l~l-ot~l~~i~~~l ~wott;~~tc~~ d- 

fhct,s III t,ltfl Tt-~\~itt~ott is ;11h0 J)VCW’IIIC’C~. 

‘Ut? tllIlc~ sltiff iIll(1 tltt, tIltIf’ SIlYf~;i,l (~;lllSitvl l)y t.ltcs l)l‘ilttt- 
1~~‘iltlt itikt.;t(.t.iott clic,t.;itrtl 1,11(3 iti~t~;tlliti~~ttt ot s~*l);ir;itors iii 
tltv Ttv;~t~~~)tt f’o~ t.ltca !!I!)2 collitl~~ r111t. TIlta vl~v~ru)st;tt,l(. 
st>l)aYittors srIl;i~iitc~ 11~~ I)ix)t,oti ;11t(1 ;itit.i~~i.otoii oi,lbit,h sit(~11 
t,ltat lir~acl-oti collisiotis o(‘(‘II~ OIII> ;It tl1v Io,.;lti,lll of’ 1 II(% 

t.wo Itigli t’t~(‘~gy I)ltysivs clc~kr~tots. Tllib 1~‘1lllw~l t I](, I llll~’ 

sltil’t f’oi. a st,orr of lj l)rot,otts (.ollt(littg wit,lt (i iittt~il~~ot.oirs 
ljy ;I fitc,toY of’ Ci ‘l‘ll~ iitt;ilytic~;tl I~t~i~ttt-l~~~;~tt~ t.liito l’oot,~l~iitt 
sllowit iii FigiiI’tb 1 wI)wSt~ittS t,ltv t,llitv sl1if’i ;III(I t ltitt’ Sl)u,;~cI 

of’ t ltt, ant iptx~t.0it.s c~ollitliii~ 11t~;1~l-oti ilt, t 110 t.\\:o c~c~llisiott 
sites itt tlrv TtJVattott. Tllc, J~rototl I)ilSf’ 1~1111~” is ZO..‘,S iii 

t.ltv 1toriaottt;ll 1)1;1ttv iltltl 20.575 III t III? Vt,rt ic.;il [ll;lllt’. Tllr 
t llttr f’oot,I)rittt, is C~llCllliltt~tl iisitig ~~ar;t1tl~‘lets tq~~t’s~tttittg 
t.ltt, tl~~~Itlill opt,r;lt,iitg ~oti(litiotis of’ t.ltcs c.ollitlrr 1’1111 A 
tto~ttia.lizcvl t~ittit~t.attcr of’ 2OiT tttttt-tttl.il~l ( iisittg t Iit, !)~j’X 
tlrfittit~iott of’(~tttitiiit~c~r ) f’or t,ltti 1)u~totts ;11t(1 lCi7r IIIIII-11ti,:1<1 
f’or t.ltr attt.ipmt~otts was itsrtl iii t,ltr (~;il~~iil:~t iott, ;iloiig wit11 
rl ttlOlltt’tlt~llltl S]‘1’Pil(l Of’ 124 RIPC’ f’Ot’ t 11,’ !I00 (;(‘I’ 1)t’iltll. 

Bltttclt itit~t~tisit,ic5 of IL!0 X 10” ;1t1(1 r)O X 10” ilI'(‘ i,~l)i~.;tl 
ittt~i~ttsitirs for tltv Ibu)totis i1t1(1 ;ittt.i~~~ot~otis, txAsl,r-cd ivcaly. 

This is t hv first c,ollitlvr uiiti WIII~IY t,ltv Tt~V;rt.u,ti c.ollitlt5 
~)~Ot~Olls ;ltttl ;ttttilbt~ot.cms iIt t\t’o iltt~c‘l’il(~t icrti t~f,giolts ;lticl sf’lb 

;lr;lt,c>s tilt-’ l)t’;lttt.5 itt t.wo (liitipti4ott~ ;tt. ikll otltcil. crcxsittg 
l O~>~ratr~l 1,~ ~ILC IJllivr-lbi!ie I-ivw;~, 11 /I ~bc-i;d i011 1111c11.1 nbr~- 

tlm-t witli tlir I!. S Dqml.lIllvtlt a,f 121iv1gj 
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F’igiirv 1: .Attt~ij)t~otott l)?illtl-l)V;ltll tttttv footl)ritbt itt tltc> 
Ttwlt.lmll 

Iloiitls iii t II~‘ st.clrCtgtb riiig ‘I’IIC, c~s~wrllllwts ~‘rtwlltcvl I!(~- 
IOW \&‘e‘t’t’ (lOltcz iii iltt taftor t.O lltl~l~l.~t iltt(1 \Vll;lt PItlV~~r.bts 
rfl’cvts t,ltca I)(‘iIttl-l)Pillll itttrvii(.t.iott 111;1>’ lt;lvr III tliis llt’w 
ol)~~~;1t~iott;tl si.;\trJ of tltts TtsV;ttt.ott 

BEAM-EIEAM DRIVEN RESONANCES 

III o~(lf~1. t.0 itlrttf~if:V t~f~~ott;iit~~t~s clrivta I)y t,ltv l~aii~-l)~~~i~i 
itltvl.;t(.t ioil, tltv ~)~‘ototi t IIIII~ VViIS tt1OVP~l it,‘1 055 l’t”~Otl~lll(‘f’S 

ilt I)otIt it I~l’otc)ll 0llljJ StoYf~ ait, it stc)~v itt wltic,lt pu)t,oth 
;llttl illtt.i~~~0tOlls Wt‘l’t’ collitlittg. F’rotoll l~il(.k~l.Ollll~l lOSSt+ 
WI’W tt~t~;~sr~t~l ah a f’lutvt.iott of’ I)ujt,ott t ttttv Tltr fixttsittg 
;III(I tlrl’o~ttsiitg cortvc~t~ioti ~~11;1~1tx1p01~ c,irc,iiit,s ‘ivvu itscvl tcl 
~~llilIl~:(‘ tIlta tllllrS littt~;il.ly ;lt. ;I ~~OtlSt~;Itlt r;lt.P Of 0 01 t.lllt? 

i1ttit.s 1)~“’ ittittiit,v. ‘1’11~ titttr sigtials WP~S ttit~asttuvl tisitig 
Sltottliy l)l;ttt’ sigii;tls Srttt, itit, a s~~~~‘t~l’ltlll ;tttitlyZrr.’ hlr;l- 
sttwlt~wt.:: 0t’ Ilrcx t,ttttt+ wtau~ t,itliPtt at I)otll tmcl Imittt,s ot 
t IIP titiic~ s(‘;I~I. Loss iiiotlit,oIs loc;itr~l ;tt tltr Ib1tysic.s (l&m.- 
tars II‘P1’f’ IlQYl to 1l1l’;lslll’t’ ~‘l‘otott I~;l(~k~lollll,l 1o-w~. ‘rllt* 

O-7803-1203-1/93$03.00 0 1993 IEEE 3482 

© 1993 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this material

for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers

or lists, or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.

PAC 1993



PROTON ONLY STORE 
d 

5 r t 1 I 
a- VERTICAL 2 a- 0 5. 

Jf’ 
:: a.2 w. 

+ PROTON TliNE + + ;;- 

i 
N 

i 2 a” 
0 v 3 Y) - 

Figurr 2: PIY~~.OII losst‘s crossing ‘it.11 o~,d(,r r(w)~Ial~u+ l’or 

;I l)~otoIl oI1ly aI1(1 ;I c.clllicliii;: IM~;IIII stc~rc~ 

c~ollitliilg IW~llll t,llllP WillIS W(‘1’f’ (lOlI(’ ilt. t,lIts c,lltl ()I’ htOl.t’S, 

wIleI t,llP ]‘roi~oll ;111(1 aI if)rotoIl csinil t.il1lc.w ~wrt 2rl7r AIIII 

LX7r, wqwct~iwly. 

A t,yl)ic;il C~Ol1l~~i11~iSc~ll 01’ tlIIlf% sci~l~s iii wllirll t,llca lbi~otolr 

VrrtiCili tllllr \V;IS lll0Vt’~1 il(‘L’OSS t,lltb itll ortlc,U lt’soIlilliC~’ i, 

~IIOWII iu l;igilw 2. Tlir IioI~intIit,;il 1111ics 01’ ‘LO 58 ww hc~ltl 

c~oustallt. tllrriug tlita b(‘iiI~ T11r I,tsslllt cd 1.11~ vtd ic,;ll t IIIIIJ 

5(‘;11, slrow Idqyolllld IoSht’~ to I,? IMy,” nlll~ll t II(, t 11111’ 

hCilI1 is (1011t’ wit.lI IbrotolIS illlrl ilIlt~i~)l.0tOll:; iti tIllA Illi~rliillt~. 

dud iwgligil)lr wli6~11 I)rotclrls oiily cross I II<% it II orclt~r r(~- 

oiii~~icr. TIIIIS, ii1 tlica ‘I’rw~t~roii. t,llr, itI1 c~ixlt~r 175011;1t1w 

givc5 Illt~ilSlll~;1l~lf’ lC)sSt>S c)lllg Wllt’lI t.llfs 1~f~;1111-1~~~;1111 ilItc’l’il(‘- 

rioii is pw~~~t~. 

\2:11t~ll siii1ilar tIllIf’ s(‘i1115 \V(‘I’t’ clollf~ ilC’1’OSS 5t,ll c~l.(lt’l. I’(+ 

oi~auws, I~;~cli~ri~~~I~~l Ioss~~S ww wt’i~ WII~*II crosSiiig iOll,f’ 

>til cirtl~~r f(w)i~;~i~wd (Iiiriiig t Ill’ ]“‘otoll ml)~ stc)r(~. ‘lxr 

lossw I~t~c;il~ir~ 11111cl1 I;rl~g;rr wl~t~ir ])u)t.oiIs aiitl iiiil~il)l.otoiih 

wtw’ collitli11g This iI1tlic~att~s !II;II.. a1011g wit11 ;I I)I~:IIII- 

IW~III tlriwtl wq~oi~st~, tllc>rc> ill’f’ ilolilitl(~;krit if3 III t II<1 ‘l’f~V:I- 

troii I;itt,icca wliicli tlrivts T)t 11 orcl~r ~I~~II~I~I~~ 

A t,llllP SC311 ilC1’OSS tllt’ 121 II Ol.Clt’l. 1’l’SOII~lll(‘t’, lOC’;lt,(‘(l 

III tlif, IIIi(lst of tlw ‘l%vi11.r011 0lwriitIIig nxgioir. wad 1;1ii11~1 

to CillISr 1iiiuii1d llil(~li~l~f1llll~l lo:Sl+ 11110~‘1. c,itlicsr fll’otoll 

c,uly or collitliiig IW~IIII cxlntlit ioils. l’I.ot.oii ;iiltl ;iiitil)l.ot,oil 

lifvt.iuley t,hoiigiI, Iiliiy II<, iltf;‘Ct<‘tl l)y t.ll(’ 121.11 illl(l \\‘(‘I’(’ 

Ilot Illt’ilSlII.~‘~l iii t,llis (~xf)~~i.iill(~ilt. 

ENS‘C’RING HEAD-ON COLLISIONS 

Tlit~ tlicwry of’ tlic, I~~II~-~~~III iIit.eract~ioI1 l)rrclic.t’: that 

l)ea111s cmllitliiig wit.11 a hrp;~r;~t~iou or c-rossiilg anglr will 

c~xc.it.e ocltl-ortlt*r~cl rwot1aIIc~3z. Tlw I.rSlllts <If t.11r t,llllt’ 

sc;1115, iiiclic;lt,iulr; t,lIilt. t,llr + r~sc)lli~ll(‘t~ is st,rollgly tlrivril 

l)y t,llcs I)t’illll-llfA;llll iut,c~r;lc~t,ioll, led IIS t.0 ilivrstig;kt,r t,llr 
I)ossil,ilil,y t,ll;lt, t.llr l)t~;il1is \vPrP collitliiig with il SlIliIll Srl);l- 

ration or crossing ;IIlglr ilt t.llr iilt,er;tct,i~,ll Ix)iiit,s. Ill Ortlrl 

to I~Ic~;isiIrc t,llcb c>ff;lcts of’ collihiollh wliicll wt’rt~ lint. cfiiitt. 

llVi&tl-011 , Sf’]>Zl~ilt,Or filllr I~llllll~S ‘I\‘PL’P IlSPll t 0 COlltrOl t,llc’ 
]>Ix)t,oll ;lllcl il.Ilt~i[bl.Ot OIL orl)it,s ;I5 t.hry (.I.ossecl tile, iiltrr;ic,- 

tioil rrgioils. 

Tllr stJf)ar;tt ors f~rovitlt~ illi c~lWtlYXt~iIti(’ fitbIt wliirll 

(‘;Ills<‘s t.lIcJ pl’ot 011s i111d nnt.i1~rotons to pt kickrtl ill ()I)- 

I)ositca (lirc~ct,iolls. By lIsiIlg 1’0llr S~~l~l~iltO~S ;ls rlelllrllts ill 

a closrtl llllilL[) ( olle tllilt is lo~i11 t,0 the rrpjoil l~c~tWc‘tall t,llr 
l~ll11lp c~ltmwts), \ve ;1l’r ill>lC’ t.0 c~Ollt~LOl l>Otll tilt’ srpar~it~icru 

illl(l uc&iig ilIlglC~ at. wlbic~lt tlic, lbrotoiis ;iutl ;iutil>rotoiis 

collitlr. Tllca loc,;llit,y of t II? 1)11111l1 ;111(1 tllc, lwatiou of t.lleL 

sca1);ir;ltors in t 11~2 Tevi1trol~ ~~llill~l~~l ~~ollihioli:, at ea(~ll of tllr 

f)llysics tlrt.rct,ors t,o Iw rol~t~~oll~d iutlivitlllally. This is tlw 

Ilic~t,liocl l)y nvlric,li l~(~;~c]-oll c~c,llisic,lis iIw ~~l~tilillt’~l iii tllc> 

‘I;-w1t L’OII. 

AlI t~sf)~~~iillc~rlt, wiis (10111-' iii \rliicll St’I’;lKiltfl~ t’olll~ l~lllll]~S 

ww iiswl t.0 vary t.lifx tr;iiisvtwr sq~aI’;it irli1 (II’ t Iifs coliitl- 

i11g ljrot,c)IlS ;III(I ;IIlt i1)rc,tolls. 7’11~ Illlllillosit,>. ww III~‘;ISIII.C~I 

iIS ;I f’llllctioll of’ tilt’ I~~~;~lll-l~r~;llll wIl;ir;itic)li. A Fiiiif)lc OII(‘- 

(liiiif~iisioiliil tlr~~t~i~~l;iuc~t~ oflillninosity, C. 011 t,llr t~ralwvrl%~ 

sqcii’;i~tioii, tl, cbt’ t.lIr writrc~itls of’ two gaiissi;hn larticlt~ (Ii+ 

trll)iitiolls C;I~I I)t’ lVi,ittdall ;I; ” 

c = L,) C‘S]’ (-2(.;;;:g;;,) 

C,, is tJrf> liiii~iiio~it.~~ w11c~11 t 11~ c~c,llis;ic)iis ;iw Ii~~~i~l-oII ;iIItl 

“,’ illlfl ‘T,m, ;II’f’ tl1r t.r;llhVc~r,cf 1’1115 IQ~;IIII sin, of’ tI1tl l)ubtoIl 

clisti~illiit.iclil ;111cl ,ilitil)rotolt clihiril)llt ioll. i.l~il)~‘l.t,ivt,l~.. 

A l~l)i’.ill W])i”.;lt~iOll Sf’;111 ib sllr)\\‘ll ii1 Figiiw I<. Ill tlllh 
st>f)iir;it,ioil 5(‘;1*1. t,llr iil;igilit,llcle of’ il St~l)il~kltcIr fi)lll. 1~11111~~ 

;icross BII is varicbcl to ;lllo\V tllr vprli(~;il Sf’[bilYPlt ii)11 Of’ tIlta 

cwltroicl ot’ u)llitliiig 1)H)tc)lh a11(1 ;iiitif)rotoiis to ch;iIigc~ 

‘l‘11ts ill;tg;liitilcl,~ of’ tiic-> I,IIIIII) is h~ii;ill~r tliiiii tlte wwllitic)il 

01’ t,lltJ lw;~iii 1Jositic)il iiloilitors in tlita ring. It is I~wdirtrtl 

IIPIX~ risiikg ii 111c~lr1 01’tllc~ ‘IGv;itrc,il~ ‘l‘E\r( ‘OKFI(:4, wliicll 

~‘~lj(‘llliltf’S ;IIl c)rl)it for ;I givcbll l;ttticcb (.olItiplll.iIti0lI Of’ tlIc> 

riilg. 13y illrlliclili;: tilts ;1llgl11;31~ liic,l<S of I llta ht’]);\l’i1tOl’h 11S~‘Cl 

ill t,!lts fOllr lllllll~1, il pw~lic~tt~tl 0rl)it is c~d~l~lnirrl. Tli~a 

iiiiigilitli,l~~ of’t.lIr voltiIgt> clii111gr r~f tllc srp;lL.‘11~01.5 rnll tIllIS 

1)~ t,r:ltlsl;lt~ecl iut,o ii I)t~i~lll-l)(~;~.111 sc~par;\t,ic~ll at8 BO. Tile 

liliiiil~osil,y is 1)1ot,t fvl iII I;iglirfA :j ;I:: ;I f’iuirt,iou of t.licJ I)t’alll- 

ln(~;ilII srf);ir;it.ioii. A g;iIis4;iu fit t,o t,llr tl;it;i Cill~~lll~lt~~S ill1 

fIi15 17 of 62/f, \vl~t~rr ~7 = 
d---- 

~7;: + ~7;: iis S(YJ~I ill cvlti;it,ic-m 1. 

‘I‘llc~ sel);ir;1t.icli1 w;i*iS \vt’I(’ tloIIc> licltli iII llie l~clrizc~lit;il ;ill(l 

vcsI.tIc.;ll ])I;III(~s at ~~;iclI 01’ 111~ I1It~wii(.t~ioII hitt5 
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Figurr 3: Sep:\ration S(‘i\Il ill t.11~ \‘rrtical r’1;111r at. no 

Tl1cl I11easI1rCl11tx11t, ot’ CT C;~II I)(, c orll~~arc~tl to OIIC’ \vIlic.ll is 
clonr Ilsiilg t,llra flyii1g win5 ii1 t.llt~ ‘I‘?\‘iltUC~ll.” I:hiiq tIlta r111h 

l~f’:i~ll sin3 which ilrc‘ olat;tii1c~cI 1~4‘ t 111s Illr~t.llocl, ;iIl 1’111s fr of’ 

:)7/l Wi18 C~llCllli1tPtl. Tllf’ S;‘%J tllS~‘l~‘~);lll~‘~ lllily I)(’ (IIIC’ ti) iI11 

iiliiccllracy iii t,lir 1;1l t,ic.ca f’lir1c.f iohs IIS~YI ii1 t 1163 c;11~~111;11 ioi1q. 

Tl~r lurilitlosity was tl1(~11 IIII,;I~IIIYV~ as ;I f’lI11c.t ioil of’ t IIts 

crossill;: nuglt~ ;ht. e;icli of’ t Iit, iiit.c~ril(.t.ioil hit.cAs A iyIli(.;il 
crossing anglta scau is s11ow11 iI1 Figlllr .I. III t llis C;IW 

t,l1e orl)it, (list.ortioii ii1 tlic, iircs ih 01’ t,l1cs 0nlri. of’ I 111111, 

iiilcl tdich rml orl)it. il1 tilt, Trv;1tr011 C;III IW ro1111~1rt~l to 

tl1ra TEV(‘ONFI(; l)mlic.t,ic)rr c)f’i11(> orl)it ‘1‘llr tlilt.il ilJ.!,:I‘~Y’S 

wit,l11i1 011~ LSB 01’ t,lir IW~II~I I)ohit,io11 111011ito1.s A lit to 
tllrh (1Flt.a is illHO 511o\v11, iihii1K ;I 0~1~~-~li111~~1~~i011;1l ~;)I.IIIII~~I 

for t!ir lliii1iiiosit~y as ii l’1ii1ctioi1 of’ crozs~fig ;~trglr>“. 

c=.L (/l-q-’ (2) 

1‘21~ crossiiig iiiigl~, 0, 15 tlrfi11t~cl 2:: OIIC’ I1;1lf’oL 111~ 10td 

cro?siiig ;iiiglt~. Tlrc~ t.ra1isvc~rhc~ sigi11;i. CT.,. = + -Jm, 

IlWtl iI5 il I)~lYil~rlC’tt’r ill tI1ts fit is T,T/!. ‘I‘lit~ lotlgit,li(liil;ll 

sigiia, fl, = q+, is tlr~~~~ii~l;i~it 011 111~ Ioirgit.ii- 

tlinal niis IWI~II sizr ot’ tl1cb I)rot.o11s x11(1 ;l1it il)rotol1s. 1‘11tb 

valllr of’n, ilsrcl in t.lie fit is ii5 (‘111, coi~~j~i~:~;~l~l~~ ICI il tyl)ic.;il 

lll~~~~sl11’~~~~il~~~it of t,lit’ i’fi15 of’l,l~r~ Io11pjt lrcliil,hl (list i.ilbl1tioil it1 

the Trvitt.ro~l. 

Tl1r rr511lt.s of’ t,l1tb crossill;: ;iiiglt~ 5c;111b itr(lic.;it,c, tli;lt iill- 

tlrr I1orriral ol)e~ratic,ii. tlrr j)tcBto11h aiitl ;~i;til~~c~toi~s rolli(lt* 

at t,lir r11iiiiil1liilb ~iims~ir;~l~lt~ s(,l);lr;tt iol1. lr111. tlk;lt l,l~c~r+* 15 

:I crossiiig angle of’ T)O 11ri1~15 ( f’iill rix)<si11;?, ;III~:]~, ) ;1t I$(). 

This 50 ~iratl crossiilg ;III~~P (.(I~.~.~‘sI)oII(II”I to ;I 5 1~tqv111 

loss ili Iiiiiiiiio~it~~. Aftfir tlllb ,ivp;“‘;ll~,,’ \~<dt;lgw \V,‘I’(’ atl- 

,jllstrtl for 11rJ;itl-011 c~olli,s1oiis. 2 5 I)t‘rc.t’111 ii1(.13.;ls(b iI1 1 II(~ 

it1iti;il lii111ii1osity w,11; ;icliir~vc~tl 

0 L--_,----ld 

- 100 -60 -20 20 60 100 
crossing angle (wads) I 2.0 

Figl1rrs 4: (!rossi11g Angl(b SC;III iI1 t,l~r Horizoi1t;ll t’lai~r ;rt 

no 

WV II;IVP f’01~~1t1 1.11;11 n~llc~~1 ol)e’.;1ti11g tl1ts Trv;lt,rol1 wit11 

t\~o-tli~llrlisiollill Iit~lical orljits, the l~ui1iriosity i5 ol)tiinizrtl 

l)y viir,yiiig tli(d sqmr;itioii illlcl cmhilig it~lgle ilt t~acll iii- 

tlivitli1al illt,rl.a(.tioll rrpjoii. Iii t,lir l’iit,i1rtA. w(l I~ln11 t,o 11~ 

tliis tric~t~lio~l cd orljit. roiif ml t.o iiivc3tigat~r I1ow tlita $ w- 
OIIiIIlC(‘ is tlriveir I)y I)t~;iIIl-l)t~;rlrl tLff;sc-ts wl1(‘11 tllc, pro’toll,~ 

;111tl iiiitillroto1is collitlt~ with siiiall srl,iir;it~ioiis 01’ crossilig 

;lll~lt~s 

[II 

[Xl 

PI 

PI 

[‘,I 

PiI 

REFERENC:ES 

II Milrtmill, rt,.;ll, A !iht,tkt,y Rrcirvrr 1i1r NOII- 

F’rrt~llrlxrt~ivt~ 7’11ut‘ Mollit,ori~1g in t.hr TEVATRON. 

FEr~MII,AI3-( :ollf-X!)/3, M;lrc.ll l!JR!). 

WP. f’or rsi1111plr, S.(;. Pcyq:s a11d R .RI. Ti1lm11, Now 

li11tl:lr I?d)h11s III A(~drr;1tor F’l1ysic,s, AIIK R(A\. 

NIICI. k’;lrt. Sci., 36, 1)~ 2S7 (I%%). 

N. D\il)ois et al., Ur~alll Sr~lill~;lt.i0ll F,x~wriillrllts ;It 

t,l1ta SW (‘ollitlrr. (:ERN SF’S/W-.5 (DI-MST), .~;III- 

Ililly 1!)85. 

(~lt~iiu I’. (;otla~. Oiiliur Mo~lrl of’ dir T~vat~roii. to 

IW pl~l)lishrtl. Tl1is will ~IICIIICIV OII~ c~1urt~ut, IUI(~P~- 

stail~lilig of’ t.lle Tf’\‘ilt~Oll IattictA. 

.I (:;I~I~Io~I. ctt,. al., Flyiug M’ilcds ;It Ft~l~lllal~, Proc 
IEEE ACc~c~lf~l.;lt~c~l. (k>llljl.t’llrt’, ( ‘hic;igo, IL, l!iS!). I’&:- 

(iX. 

RI. S;iii~ls, Tlit, I’l~ysics of Elt~ctro11 St,c,r;ig:c. I<iugs; Ail 

111t~otlIl(.t.i(,11, SLA( ‘- I21 lJ( ‘-28, NOW~IIWT 1970. 

\\‘ta wo~~ltl likts to nrk~~owlr~l~t~ D;lvi(l Fiulry for his boll+ 

1’111 tli.srilssious ;111(1 I’illll I)c~r\Yc~irt. foi, hi5 Iirllb wit11 tl1r cl;it;i 

;biialysis 

3484 

PAC 1993


