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ABSTRACT 

Tf, inrrrasc tlic luminosity and rrtiilct- t:ic> cost of fur,iir<s colliclcr:, onr rnlrs1 ini-rraw 71-3 1xaII1 iifmhity iii Ii-U pli;rcca q*;lcc. !\;, 
tic-sc,ril)c* two 11, sign stratragiw ii> ri,:lliLc. a hi~,h limli~msit;,~, :i$y*nlric trir, c x+(*- iolliclws suital~lc~ f:>r ii IO”” (‘13 -‘m- ’ nI3 i;tctcm 
The colliders arc an isochronml~ storaac ring cnllirlrr \vit,h short, l,u~d~w md wry low /?* ; ntttl a qlta4 litimr follidrr tli;tt uws c 
rwir.~7d:lticm wltl sninll ?[mt iizc, at thca intrt.nctiw pt;int (IP]. Tllr~ I-: k D c,ffim :isiiwii~tt~l wit 11 tlit, ~xY~~~~I,+Y! !T(‘I,;l /:I lJ;lctor,~. 
can f3tablisl~ thr principles nud rcsolvc the attmdmt l)hysics issuw of tilew q~tims. 

1. IN?mlzor,uaJ-QN. 

N~IIIIITOIIS csau~imticms of thei Ixdt~ritial to stu(Iy C’P ~.i 

elation ill tllc B mcwm sytcw~ have, rstal~lislwtl the rt.ql~irc~- 

~ttml’: for :i I>B fact.ory WY)I kirlg at tllr. Ti-lS): i) ;rsy~~~t~fdi ii, 
twarrl c~nc,rgiw, ii ) a huuinositg of 2 1P rIll-%Y--', iLlid 

iii J 2’11 iutvgr:~twl ~l~m’wi. c,f 1 OH or yrck;itcir ri:i.oIlst,?rl,-tctl Bl3 

(~l~uil~b of 1~ r j’tm. Thwc c~lllc.t~;)ti; Il;il,i* iilr-;iwd fol- wt;~l- 

liiliixg ii Ilieh Irilililitsit;< BB factory: 1 1 high curwlt ;tor;lgc 

iirlt!,:; ,~lllitl~~~-: wit.1~ a fraw .!!!IIL~w . 2! 10~~ ~~IuT~~II~, isochro~~0~i~ 
stot,;ij2r :iuKs, 3) qilasi-lillc);il. [w lill;ti, :iIlg) colliricq~ v,*it,h r + 

pce:t:,t)Il rf ~~it.~7ll;lticm. Althcbl~~ll rilisillg tllc, c-~lrI.~~it ill storqq 

rirll:s -2 ii fqw arnjx- illa!- tlics Iliwt stiai;i,tlt for ~~3rd :~p~jro:sc‘!~ 

to ili~.lw:isinq !Ilnii:lcsity. such 3. coiliti~r 7;oldtl ~cqlliw wq 

lz.rAii‘ :!ox.c’r dlu, to t,ll<l ~yli(.lilotti,n I~iiclii!lioll. 1x1 the st,ccili,l 

sc!t~ctlf~. (q~~~:.i~iin~ ilii, ci: r-ular i~~lli+l~~r i71 all ibcwllIr)liolih iu(,d:~ 

;illiiV:s st1<31-* 1’1Inr-lri3. Slliwt 1~1111c11c. in 1x11.11 all~m fol, 2 Io:~.i~i 
3’ ;tt thr IP ;iIlmi it c.i~rr~~h~~oll~lii~~ slll;~ll hliot bi,;:is. ‘1‘11c. (1Il;l:.i 

lin(,;sr collicic-1 willw itt C’IYW ~IL;~II~~I :,pot sim at tlld> TT’. It 5 

llc~tr7ii ial ililfi~~i~lty *,f ~“witrcm ~~~-01111~1 ioIl i, oi’~w~o~ii~~ I,\- I~w 

ic,~,irc,ill;ltii,ri. TII 113s ucl~r,~nc~ larq tli<ruI)ti~m is all~w~~~l for 

the i,lKtribil lx’illri. .A ttmjor linlitiiticm of 11igl1 luniixo<it~- cc)1 

li&rF i,c tllc, r~~lucxl I’f>t’ : t I 1 c 1111c’ c‘J*C 0 H’illtl hfV1111 intcw\ctiorll;. 
q-t]<% (1 1s’ 1’ 37 . 11’ 11 ,dtlll I *I < dI /o, *c c r q> t’ liul r1’*11oIp5 tliia r)lxit;il,li~ z.irlw 

it is ii ixmtill;loiihly fillctl syst,r)rli. 

2. 4.N rS(,(‘ITnoru!!l.s.(lOT,I,TDer~ TSR 1:4C’I’OHJ 

IIiRl1 Illlliillosit~y niily 1~ ol~tirir~cd ill stc~rirji~~ I,illgs wit11 

lx~arll (:llrTl’nti at 100 111.4 lwt~l, t,y lirirlg au “isocl-:lnlrc,ll~” 

1;11 t icv, ;ui:: 1)~’ ri~~l~lcirq, t hi% 1 jlu~~li I~7lgtli n~ld 1 !ic l)c+a fimc.1 ir,ll 

at t,hc, TPi” Il. Tlic~ Iwniuohity mil lx, ivrittm as 

LI - ,:i:;::io, ,: , (or with 2 - 2) (2.1) 

Wl1PI.r [?,) nrl~l (7Ji) a~‘,’ t,hct pww~r and thr tlisrlll)tjon pzi- 

r‘ilIlL?tPr‘ of Li?Xll 1, XI<1 Ol, 2 is t,lic: hirich lrngtl~ of l~r;tm 2. 

7% incrcwr f without inrreasiiig the pmwrl oil<> must, c*ithcy 

iIl(‘YC’il:i< ‘I? ~lIltl,~O~ <lWWnY f?;, 

III an i~c,clm)~~ous storngr ring, t,hr revolution frcqurncy is 

irid(l~)(~~1(1~~r~: of rnrrgy. Prrviou~ studie 1’ 2,2 ‘1 of ixocllronoris 

r,i:1p AS dattq”“g rings fttr liIW?,l. cdlidrrs nnrl a!: t,cwn SO,,i‘~~'S 

fcjr frw rlrrt,roll lascm lmw cxmiinc~il bon1c of t,hrir prol)crtics. 

Potcmtiid ;d”;mtagc of an imrhronotc ring as a ~c~llirlc~r &I‘(‘: 

rductio:, of the l-)11nch lrngth frml t 11~ wntitnc~trr rangr to 

tile Injllimc-trr rii*tgfh: t.lw clilllillijtiiai: cif s~-llc.lil(~~l~~‘t;~:r.o:l rc’i 

ollimm’s tIlilT, Ijlnit thr, IWilill dcmhity :lt ill<: II’ aIld (‘Oltst IYiill 

tlw g~xmc~try of the II’. By rtsdl~cir~g TT~, I,? 10 ant1 ili(wasiii,g 

T t,>- ii r,LdoI of:?> xv< (‘it,, trvlllct~ tlli‘ ,ilIll’I.l ter 2 100 ii,:\ fill. 

ii !lmiliosity of 10”“ciriMm’s ‘. 7%~ I tvlrlct9l cur: cwt con,siclf7- 

i11jly ;irii+li:br;itc*s tll,, fo:-nli~i;rl1l~~ Iliibl\iilj?; ]iri~ii:c~l:1 ;i!.~.iwiziti~rl 

with tllc tlc?ifin trf :l:c intc~ras~tioll I~yion ill iYbllv~‘lrticirl;:l lli$ll 

t-111 rvt.t ~~c~lliti~~r~.’ 

,41ial~;si~ cif tllrl c.il”alir,llc rjf zilrrtialrl fro- ttlll lr+l~~,iiuclir~;~l 

ilt~firc-r, of frc~ldxll rd ii itc:r;if’,t’ I illc, ~.cwd- :I.<* tl!;ijor tiii!‘f,i, 

iqlw, iIi lnnjzj:itlldinill l~mlll 

lillgc ;!!itl i’i(;i.h~o*lolls 

clymillliw tbt~t:Vm~ll c’s wvi*lltiilri;ll 

‘;tc,r~;lfi’,’ I’ulp;‘. I:~iIl~ ili \-ari;ll,lV‘~ ill!, , 

I <,1:1t iw f’1wl’g!’ dl~~~iilti~.ltl. b ( F: F:,)/F,,. :111,1 ‘I.<% ;:lly;li:;lr 

iii-;1 ii:jrc f.+ -- I$ cl,, front it I r?<m7i<,c j):lrt Ic.lsl c,f r’nf rq. 1.1, 

ur.il ;,!lp,b Cl,, wrs (‘;~II \-:ritc, 1!1fs ~~<l1latiiill~ of uloti, 11 i,s’:’ “’ 

/,: - (i( (2 2) 

h’ - h- ( i; d,)- :“‘(: t .I,,~) i t!llc~til;rti lilt > (231 

c 

xrlic~lc CT” is tile cwqy Yililibtr~tl 1”” tllrii l)y t bs i.c’fc’rcmc.l’ 

1x1: / iclt . ,i, is tl14, ratll:itio:i ~l;tr:il~iri& lmr; i: iorl 11111111~7. ilIll1 

ilur*trlaticnls indiratc, the, inR11clw of fii~i.tliiltir,l,~ in till-% Cmir- 

91031 of sylldirotlor! raclic~i ioli Tluy s11~xwi7il~t 
. 
It:lJ’lic~i~ 3 

tlcrivative with rrspwt to qt. wlicm~ f is tiuw iiibd Lit) is thr 

r~w)l~1t,ion frq1~mq. 

‘The> nw~!~i~ntltnl coml~:~c~ticm trwen 0 i< tladir!r+ as 

(, I i $2: 1 
ii: 

! 7:. ) 

WllffW 2&“/l is ill<, cimgr in ii, *“‘: tnrtt ftlr j$1x:x LE. III llics 

simplest approximation 

i 
(,y x < !! ;> ..-- = (I, (2.5) 

i’ 
?’ 

7Vhcw~ y is thf= r;tt,io of the, partirles tot,al cIIVF;p to t.hat of its 

rest ener,ql’ “1. 

For highly rclihi,ivi+tii. piIrticl~5, t hcz ii1.h’ ‘(‘*III i!oll~illil t I’S: 

it is usually positive but it ran 1x3 Inatle Ileilrly zero or iic%gati-:cs 
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1 1 ii = .-. - <j s 
r- .-~ .i___ __ 

6 LiS 4 \I 
(1 + - t2 + (x’)” 4 (z’)’ - L. 2 fj, 

ps ’ ?“J 

Espndiqg (-I to first md~:r in 6 and li<‘gl~:ctir~g thc~ colltril,u- 

!irm> frcml tht twt atrorl cwili;tlitrIls. w= lmvc: 

Cl = 0, + crzi; (2.7) 

lvitll (i 1 giiv1: 1)~ E(i. t 2.5). T11t~ (\2 tqn1 is qiva-li 11~ 

1 
‘I2 = G f I 

& iv’? ) (?‘I2 6” 
2P 2 1 (2.8) 

Tlltx v~u(’ of (11 (‘it11 hr adjusted to hr zerc) or llegntivc but, as 

(12 is :tlw!;;s Iwsi*ivc~. its cffc-ri citll *lvv(q ~,e,.otrll~l(+ply elirli 

imtcd. For ct 1 =I 0 and rlc~gligit~lv damping tt~ta ~rl. (2.2) 
Ir~Yolll<':, 

n" -+ 27rd,,,K~~# = 0 (2.10) 

T11is ty:1atii #ii Iwds to url+;d)lr p11;wc tr;ljwtcci<~s, d~h&twd 

i.‘),. (h’ )’ i ( ~)d(,mr:!n:’ - rYm~tillli. 

‘I‘tu~~c iwc’ iv;0 !va!.s t 0 stwt~ilin tlit, lcnq$lildilliJ nlotiml. 
Thrb fict ul;tk<~ (t, j 0 alld ti~irrlhmt iwc~ 02 ti, intu)clum 

3,) c,l;l:;tii. lihr F sc ~c,illp; fiu 1.43 arlil tllrls ttr prm~irlr~ il st;rlA~ <IS 

~.itl;it~io:i rrgior. I~P~I tli(L wigi:] ((5 - 1:. 2 0). Tlic imw of the 

stillA<. rl’glc”l (‘ii,, I)(, IlS1lilll~~ Illildf~ 1;irg 16’ CTIOII~;~I for c~ri~~~~iif~~~t 

acc-~~lu:it~ir o[u~rati;Jrl ai in all r-xidilq protoll all<1 dwt~rorl 

5~-llc~llrotIiiils awl itoray rillp. The .w~cr~~d iwtl~od, wlm 0, 

is s~:lirll, i> to ir:crmw tlw i-at? of syric~lirot t-011 (limpirig of tlw 

systr>llr tls slow ttirs rat< of 11119 illdahility povittl 

Nmt \I’<’ iiithss tllc, q1lcst,ioil: giwll (12~ xll:lt is tlic, 

.d.;illl+t vale of II 1 *I~m*shilr:v to ril;~kc~ t.li(* w~:~ati~~ii~ of nls)tioII 

St ;l:>If~? 

lIlil,i;lll~ :t’q’ ~llosc Q(j = 0.00111, b:, := 0.001 UiCl d-r" 7 

0 01. wh<‘rf~ ‘I’, is th<s l~~~ricxl of cGll;~ti~~~l. Thv t,“(, corrv 

y)~mtis to ill1 inltliil clisplacc’liic-rlt, of ;~iwtlr I cm for a ring 

nitll ii rii mlnlf~7(*:lw of 760 111. M’itli no d:im~linq, fm r,acl1 o2 

tlumb vxi>ts an CI] wiiidl jl:st sti~l~iliz~‘s t,llca trlotirm The pr;~I)ll 

ilf b Yf‘I‘SCs I!’ i,; il c-loWd SCpit’.~Itl.iX. All choices of tib and 6” 

lying insitlc t,hfa sqmrat,rix rc!snlt, iu stat)!v statw. C~onvc:rsely, 

<ill {.lli)i,,c s l:iirlg 0lltsitlP RR lIllitiit)l<'. Ch0osiIlg 01 grf?a'rr 

th;ul tlux limitill~ wliit- aisn prw111w; ii clod wrw: that liw 

iiiiill~. t hcs lilrlit irig S(‘l)ZlI’ilt,~iX ililt t li;il, ii SIllw~tll~‘1 tliarl till 

limitiilg sq)aratrix. 1x1 COI?trRStl. fC>l SIllilllCI ViLlIlCS Of nl, t)tlC 

c,lr~,‘f~ {Till 1,~. 0;1c9 and tllc. txtjwtory will lx, lIllst~itJl~~. 

!2’itli fillitr, cliil~il)i~lg iqaill t’vcl’y 0:: !i;i? ii ~~orr.i~~~~o~i~lir~~~ 

(/, S,l(-!, fhni >I11 1:1rp?r Vallli~s nrr stiil,l(~ ;ttd id1 srnallcr vahws 

itrc. ,:rl~t;,l,l~~. Tllcx pap11 of of 6 wrsc’: $1 fw this limiting 

r;iw 1~0 IO:IRVI 1;ic,lili iL ~lonccl wparal,t.is~ hl1t rittllrr il spirz\l 

w!lii.ll i:; Sl1ill.l’ at, tlic, lmtton1 imcl skawly WIIVWc;c~S t0 origin. 

.A&< 0, illrI~fyiSc’i. r;io\-itlg tht, syst,rni far.t,llK iut.0 tlic St :rllilit,) 

1~8y$im, t]l,s 1~1t;iit~ tr:tj~~ctcu-y l)cwmws sltl~-~olll~~r ant1 rot.WtcY 

more’ quickl>-. 

FOI, ht:ll~ld’ cq~cx~tioil of ii stor~~#c~,l~illg, ii / Irillst 1,r Ch<!S~‘fl t<> 

lit: alw,~~~ tlic: vu* ves. If 1-e incrrasc $ and 6, t)>- a filct,or of 

three, WC fintl similar stability t,oundaries, except that, thv cof- 

responding vales of <PI arc almost thrw times larst~. H~IKP, 

thcx “t,ight,er” t,hr initi;d conditions for thr hunrh, the smaller 

o*,c c:lJ, make: (2, 

Applying t,lw concept, of t,llc- isocltronous rirq to a collitlrr 

we exploit the fact, t,hxt the tmI~c~1~ lrrlgth swlrs rollgldy as thcx 

sq~mrr root of tllc momentum compact~ion. Reducing (k1 by a 

fador of 100 allows t.0 WdLlct~ H at t1ir 1r by a fador of :fl. 

This frecdwl allons us to rtdncc the nwrage mrrwlt in tlw 

ring to practical viduw 
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I.” rgurt. 2.1: ‘I’hwc~ w:‘ws which dvfilic~ ttw staldity lilllits for 

cl 1 s11~1w11 for, tllr~~v~ diffuwlt, \drws elf ciarriI)irll: v;i(li h,, q = 0.0111 

antl 4” 2 0.0001. 

3. A QUA51 I,INI:A!~ (.~<)ILII)EII 1513 I,‘i~c’TII!!lr?‘i’.!! 

1’11~ drsigll of a q1iasi-lillwr rollidrr is lmwsl 011 ttlr: fol 
1 CP.,lll~ I <I 111< 5. 1 i I f ,. , . ..[:$.?I , ) miwpml t~cwn c~uc+w. 2) posi trorl r<‘- 

roirry ;11,t1 c~ooliilg; 3) poshil)ility of psitiiuling the wrttxx 

dc~twl.ors v01y 11cia to the- iritcwdiori poitlt. (IP); 4) pos~il~ii- 

iiy of (.hiilljiiIlJ?: ttica WIltc~r of *llilSS 1’II(‘rg>’ ill !k<, 10 to 15 C&V 

raiigc~. nli\lllti~iuiIlg a llig!, 11mlinosit,y, to tw ahlr to opwatc~ 

cffiYt.idy at t.tw r(4s) I‘e.OIli,IiC~' 01 d.wc~; 5) il mall hc;t111 

c’ilc’rpy spm’i. less t11ar1 0.1 ,I “‘#. to u!iliw csfF(.cti\vc*!y tlicy T(45) 

*~',s~.~IlitIl~'r'. 

‘I’() sa t,isfy t,!tcAst: corltlit,ions w propose 8. schrrl:v ut,iliXing: 1) 

a 3 to G GcbJT.:. big11 pitdic’nt c-lwtro11 linac, with a 5 kfIz rg’I>- 

ddiou rate, 2) OIK' positron rooling mid rc~cnwy rirq (,cIiR j 

I)rovidt~tl v;itll it l~ypss wlicm~ tllcs IP is lociltetl; 3) it pwjit,r.cjii 

mlirrrtc>r, iow euc~gy positron ;rcc~~rnulat.or, ii11d t)cmstc,r syrl. 

cl~rotrcnl ii) Iwovidc t,lir positrons. This schwa is illlwtratrrl 

iu Figures 3.1~1. Ot,lnsr propwds~” 3.R “1 utilizing a liriac atid ii 

st~ir:lC:<’ ring tu ol,t;liu c;l~~r~triiI- 11wdtrori v)lli-;iorls ill :l:cs q 5’1:Llf’ 

In rontlad, WP RSRI~~P t,hr rollisioris to occur iri a bypass 

t,c~ d~(:~q~l~ tlw cy~cdirlg a11d rc:covery f:mction of thr ring from 

the JP, t.lius allowing all iri,lel)~!ri~l~~rlt, opt.iriii/;atiw of thrs*B 

c!ifferc~rlt parts. For c~arupl~ t.hc wcmuv hcanl pip nrar thck 

i:itrirat-tion l)oirit can hnrc w-r., 7’ smd diaril&~r wit lioul lirti 

iti;lg t,hcy tw;im lifctirrw in the Stllril~t' ririg or incrrwing thr 

background in the dct,cctor. 

As cad1 l,ulic~h psses t1mmg11 t11r IP ody ovctry fwv 



damping t,iIIl(3, o*r may incrcasr t,hr bram-IPam time shift, 

< (OI, q~livalrlltly thus disrul)tiou. D) t,o R slur l;qc*r than 

thii! irllicviLl)lf~ ill ii storagr I-ing collidrr, in u:llic,l: a dli- 

hion ocrlirs at mctl rmd~~ticz~, and tlms irit.n,asc, tlab limii 

nosip pa- intt-raction. .4s tlw eldron heam is not stortd. 

its diirllpticdi can ‘tw mr~rh larp tllim that of the, I)osit,rcsls: 

lirnw, t.hta dvctrorl Iwalt [~wrr can lw I-dud fw a giT.x%n 111. 

Itlixlo~lt~. T:) IIIIIIIIII~~~: t,hck pwitrcw disrnpt,ion tltcl positrons 

S!IC)III<I I:~II-c~ iiti <‘t~<~gs IzI~~(T tlli\rl th>rt of th<% <~l~+,trorls. T~IIS. 

l,ll<’ r,ll:il,;i!-tc~I,i:;ti~,s Of tllr’ l\VO ~,P?lll,S ilt t,fiP II’ ilZ’<’ cX~Irl~lI~~t (sl) 

;isw~mc+ril., v:itll 01w brim1 having a largcb disrul~ticxl, l[)OO 

(,I’ tililt‘c’> iI:iil illi’ Otll?; having il iiili~ll or uc,gligil,lc clisrills 

lion This CRW ha+ not yet hurl stlltlid in tllr litcraturr on 

Itcwri-~1cm11 inlaacri,ms ” [( il. . 1t1 ~1. LOil 1 I Ciiil rrl;,ki! tllrx collid~~r g1 ‘t 

ik~sig11 much I low t+Fwtivt~. 

‘l’hc: ccd:i:.ir)xi frrq~~(xq is wt by thci liwc.. For a I’OOI~ 

I(~II;~l~T~~tll~l~ linac rilt?S 7Vvill I)(’ ill tllC 0.1 t0 5 kIIZ I’ilIlRi’. 

Hr111.t’ c<> <.<.,Illl)<~I~s~~tc for t.h+B II~\v r;+t<s. <>lif’ Ill\lst i~cc<~l<~r~:I,c~ ~1 

trait1 of :,-II t,-irlc,lit>s to wllidc, \vith a similar t.ribli vstr;tct.vcl 

frmn tllcb si<>riia<i ring. Tht~s oil<’ d&n’; ilil c#vctivt, collisiolr 

!I MY,““*:“!’ t!tdt IT<‘l’i. 1 i3rlil ~70 ItTlt! with it 1’00111 t~‘Ii:~Wl’~~tllII’ 

1’ ,t,i>r. To allo\~ a ~i:~itll spot. nt bhr IF’ the dcrtron F;UII ~licdtl 

l~lY~Cl\lif~ i: t,ln!c’l: wit 11 il 11~.~~JIli~liiT~~d t:‘illlSV(‘TS(’ t’lnil t itklr(’ f)q 

10-” 1x1 r;itl, N lr~ngitl~dinal cwlitlan~i~ ~1, -7 fl.02 m. alld 8 

cl~;irg~~ ~wr l~ri~rc-11 a,f ,iJb to 10” j~artic~lt+. 

Tllc, i~c,;rti of 111~~ qlwsi litlc,;ir wlli<!vr is tlw C:RR which 

1jr<)vitlt*s IO\,: <9lit.t iln(Y 11u11:*11~~~ 0 f p<~5itrorls t(9 tlic, 1I’ aI a 

lli!!tl rcqw+it ~OTI r;~tc,. Tllc h~u~~lx~s aw <xt,ra(,tc,d fro111 i,hl- liu~, 

atlci s:(qlt to t,:lfL 1qya.c~ whtm~ they collitic- lvitli tllc. vlcdrolls al 

f]l(~ IP. i\ft(sr lltt, (.olljsion tlltk lvmiiunls z:r<‘ scsl>t i,;lck i~~t)’ tlli, 

(‘[{I{ i\h~ ty r;.Cli;,til)ll c.Linlpi~i~ r(‘stort~h tllvir illitinl c.olic!iticjli 

:iftc,r i> fr-hv &lllj)il14 tinIt%;. Tllf, tlixrll1pticnl alli t~~~~illlit~:~IlIUt~~ 

iossc~ of f,llc- p~j~~trcr~~s (Ilning (~dlisiw1s slio~dd I)(’ suvll 1 ll;li 

oldj~ if slllall fract,ioil, (lc*ii- l,hal: l%), at’s l<IS;t tl11ring tllc, “!’ 
clr. The> (‘Iii: rlllls:t pv:vidc~ fast :liillipinp,. short t)ltucllc~s to 

rf>tlll:.<, tll,s c~li,i-trrnl lwi~rn disr:lpt io:l, Ilij;!l ;w:ili vlrl Wit flw 

large luminclsity. anti small vniittancr. 

To pr~~yidc~ ~1 ~~t,~sit,~~~li ~,r~i~:~i wit,ll ;~I)~~lL)~~I’i:lti’ (‘~iilI~:l(.t~‘I 

istics zIt t,!lf: IIT, wp *~l,~st. I~~~~IlipIl;itc~ tllP ll(yiLII1 in tll? l)Y1)~1s3 

ii., i*i ~I-c~:lcr tip lj7,1*~,.11 ]f2tjgth ;iri(l I.rdll(.<‘. it:: <Xli’rlr;y hpri’iLd. 

F(:,~ il I) Cc>\ CRR \v(- (‘a11 j,lrrc.;tsc, tllP I)IIIIC~ Iclk&tll i0 11.5 

(‘111~ tr9tl,l(:iI$ tl]il CYlrrgy SpI<iilCl t0 il V;llllC’ 4l]lillli’l. ihall tilt’ 

t,r~;lrl~st,ri,~lli~I~~~ *);ltx~~~~-trr. If thr (lamping rirlg CHII ()])(x”lt~f’ 

isr,(.tii(~l:(,,,sl~, .lit% ]),1t1~:11,~ mid ~lc~Luilcli-‘r- ci~liltl IKh climiu~td 

frl)lIl t],t3 1,:; ,, ,sh, ‘rll!s (lisprrsiilll shorlltl W’t‘O iit, tllr (‘lltl.iill(‘(’ 

zill(! ,-xi1 I,,jill-T of lllp C’IlR ;md at th(s II’: whew ill<’ 1)(‘iLm 

st,r,,ll,l cclll;tlc ;,+, it sl~~~]~4~~v clossillu; ;uie;lv in t,llia I~oriz~xlt~~l 

p];~rlt~ tri aroiti iinwantrd rnultiplc 1 ~ollipiotls lwtwcm hndm. 

11c,,lc.r3 t tic, l,sl.,tlss Illils fleecy] tritI>STY’rW rldldior~ cnvit~ic5 tI) 

allot’: fvr cvil~ crossing. 

Tlitb (eyll*i\c;tl tliffi(llltit~5 of ql;;ihi liuvar ci,lliil(‘r illCllld~’ frc’ 

qII~LI1t lIraIli ;Il;rr,ll”llatioI1 withut thyprdat,i~m of cmit.tmcr, 

tlltT i]pT.cL!r,~,~~Lc~~t of lligh frw~uc:~ry cxtmc~tic~it xicl iiijectiorl 

sYstc*:lls. iild t,Jlc &w+qmwtit of wry 1)rigllt. high rqwtitioll 

i.iLi<. elcctron \,eirm FOIIrcY’s. 
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New dopes of colliders distrlssrtl iI this rrport w1dc1 1wd 

to higher lumino7it8v i 10s4 - ln”“rn;-2SrY--’ ) :rnd lrss rs*,c’ll- 

SOW ~I~xIu/ T, or IjB factoriw r0n~l~wt1 to t,hcx co:lrcIltit,!l;il 

iil)I)r<>nt-!l. Tl 3.’ 1 I r 1.’ li j IIOII ( d 50 ilrlV;itl~mc~ Ill<. st:tti- of tlli7 ;Irt iii :i(‘ 

ceicr:rt,or physics. C’onsrcpwnt 1~ \vc atlvoc-atca a majr~ R & n 

prq.g~~nl to stiitly tlwsr IbossilGlitic5 Our initial stutljc*s illtl: 

wt(* tlw ffvisil)ilit~:,~ of corlstlui-tiqq il Id colliil~~r a1111 (4 f;ict,,r) 

tllat will r<~il(:h a l~lrnirlosit~~ of 10”“r,rrl-‘sc,c.-‘. Tllc* ~~l<v~t rori 

i111d I)ositrorl 1wimI dtxsiti<.,,s in t iii, $ fartory u:ill If<’ vwi;rl)lv 
117’Pl‘ ‘v:‘~‘I.~il oI.dt’rs of rrl:lgttil.iil<‘. 7’11,~1~s~f(,:~(~. t1,p ilj,,.,,l,ti,,,l 

pt\raInd(brs cat! 1~~ xrriwl OT‘~‘~’ :I xvi&a r;jllgr. Thlls. illis cc,! 

liilw will ;~llon ii s‘r~fiy of I ~~~it:li-lwaii: illtc~r;i~.tioi~ rl~lj;~ii.ic-. ir. 
totally nw: rc~gilnw. 

[‘.I 

[‘.:)’ 

12.31 

[‘,4] 

13 Ij 

[3 “1 

[X:1] 

/X4] 

‘X,] 

[Xc;] 

[X7] 

[XRj 

.kClaJ)tc’rl fi,i:rm tllc, wipjliid \vorli of (‘. I’~‘llrgril~i ;jl.sl 1) 
Rollin, i’I~~~~~l~ro~~o~~~ SIOI:I~~~ lii!ig< alit1 TIigll I,lllniILo’: 
it!. 
El~,ct,rc~li-I’ositl,oIi (‘i~llid~w”, to Iv ~)~il.)lislic~tl t,y ‘I’hc, 
Nrw York Arar-lcmy of Scifwrws in thv 1’1 oowlil~gs of 
tllr \\~~~rkSllo~) im BB T’;lc.ioIic~s a:iri Rrlatctl I’l1J,bic.,+ 
TSSII~~S. Bloi<j E~.AII(Y .I~UIP 1989. 

s C’hat trqw~lllv;~~ <d ill 1 Pi iKtYdill~~. <,f iI,,> l[‘l*‘:\ \\‘#,i,k. ~ . 
shop on Low Emittitnct* r -. -- c + Bwms, I3roc~Zl~:ivc~u 
!VJ;I?iOIl9l I~~ll~l~~ittOI’:~‘, hl;lICll “(1 278. 1.3s; 
I?. .4. G. DIW~OIl, “Basic- ‘L’li~ory of Clir? I~o~~~HoII~~II~ 
St~lrqgc~ Iiilln_ I.nwr”. P11ysi<,s R~qbor(s \id. 7(; Mix. ,-I, 
p]‘. 34% 391 j Oct. 1951) 

n1 s;lIi~li. SI.A( 121 ilYi!,j 

Tllis si,c,ticlll of tlif> sport is atb~~ld ~I-,III, A ~,;ip,‘r- f,j 
1~3 ~,i~l,li~ll~~tl ii) XIII 

Sfsr for illstanc-c, t.11~ Pr~~c~~~xlii~p of tllr I.TCYL.4 Iii3 Fai. 
tcjl-y \I\‘wtihliop. D.II. SIork tY1.. \\‘olI;I Si-ic tltifi8.. SiIig;i 
i~nc' 1987. or tllv ~u~wr 1,~ F..J. C:il:u:rn. R;w B tlw:~~..~ 
a~ifl C’I’ T’ir)l;itioli, iii tlw Prrwwdiilg?: rlf 1!1<* Irit. S!.ti.j> 
011 Prorlilctiflll an<1 D~c.w>, of II(~a7~:i Fl;~\~~)rs. AIIII. Nr,v. 
\yvrk Aritrl< nrl’ rbf Scisvi*-c5, S(v. l’ork lXS, vo! 3:178. 

1’. (Zrq,*;~v \\~t+ln:lltl!, (‘ci:li,lir.g :b L’A i’li’ilr I’:1vr.t l‘ilil rh%lrl 
wit11 it St~r.:~gc, RiIlg B~*:\I~. ST,A(‘ Rc-port, SLA(’ I’l‘l! 
ms, l!lSS 
.T..T 13isoC;tl;tllo, c.1 al.. A T3(,;111t>. F;rc.to~,y I~s:II~ :!I, SRF 
I,itl;ic ;ind a Slor;lgc~ liiug, ill Pro?. IIf tliv LINAC’ 88 
(Zozif., ~~‘il1ii~in~l~ur-g. \:irgilii:i I!)85 
For :j rc:yica\v of this litrraturt SW for itirt iu~i‘(’ I’. C%I,II. 
Rc*vit-w of I,itlc-ar C’olliclw Btbarn -barn Intc~r:ldicin. iu 
I’l:T;sics of Particle A~~-c~1c~r;~tors. hl. hlorltll and N. IX 
r*l(‘b CllS.. ATP Cnnf. Prtx Vol. 184, ]‘.F33. YUrm Yo1-k 
]!)C9; 01 I< I1~~lld~cv1,. ‘1‘11f, I,ill+vrr C’ollid~7 Hi~;tlli Bc?iIu 
I’rohl4~lli, il)iticwl p. 6&O. 
C. Pc1lrgrirli and F. I<liceicw,. Rii(!iat,i(xi R~;idicm Ef- , >/ / 
frets ill I-lir;ll Enrrgy Elcc-troll -Positroll C’cdlidtw, CERK 
LEI’-Th/SG 03. 

hl. Ihswtt,i. S GnitilicY,i ant1 L. P:il~unl,o. Stilt,ns of 
tlw Stlid>, !.)n Damping Rings for H 5 ttr I(1 Gt-V Lirlwr 
(:ollitlc~r. L;riwratori Nnt,ionali di Frascati Rvp. LNF- 
F8j?O, 1DSS. 

For it t.!vi~w of colic-I-cxt illst,i~l>iliti(,h an<1 rollplilqz 
inijxd:iu.v wt. for il:st ilnw C. P(.ll(pil~i, Sitl$lc Bi%nl 
C’ol~c~rc~nt, Irlstabiliti~s iu C’irdar Acwlrrattsrs autl Sl<>t 
itgp Rings, in I’hysi~s uf High Energy Pwticlc, A~YvI~*I 
ators, AI-P C’oxf. Proc. \‘iil. 87, Nt-w I’orli 3082. 


