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LLNAC - RING - COLLIDER B-Factory 

1’. CIrosse-n’icstnn.nn, C.D. Johnson, I). Mijhl, 11. Schmidt, CT. M!eingnrlcn,J,. Wood 
CERN, 121 I Gcnevn 23, Swikcrland 

G. Coignctp, LAl’l’, Annecy-lr-Vicux, Franrc: 

1 Abstract 

I’arameters for an eic- Jinac-ring-~ollicl(~r H-T’artnry will1 a lu- 
Ininvsity of lOs”crriF’s--’ are dixusxd. 120r lhr c-- linac, 1 hc 
possibility to USC tk superconducting ca~itcs dryt*loped for LEl’ 
is shown. ‘I‘hc realization 0I a low crnittance e- sourcf and iL 
high current and low cmittnnctr et ring is disrussrd. Similla- 
tions of (he benlwbrar~~ efTec:t in lhe raw whew lhrv c- bra111 is 
IIPavily disrllptrtt tq a s(.orrd c + hrarn art’ pr.wrll.~d. 

2 Introduction 

An c+c- colli~lc~: al (hc\ Y(4. ) 3. 9 r~v~t~ancc wilh asymrlrrlric: bcnlll 
encrgirs and a Ilimina)silp of 10”4crr~-2a- I is r-onsirl~:rrrl lo 111: iin 
illlrr~s!,illg Iitl~;~i~~r~ l0r il st udj, d (‘I’ ~~ii~lnticrrl in li-rllcm~>r\ 
tlcr-a~5 ‘l‘h~ Iurriinorilj rcq~~irc~mr~rrl and the: ~llrlliirlg Ir;i,ilc with 
asymlr!c~tric he,lrrr c*rirr,cicTs arc’ ._ hcyortd prmwt (lay ~uprrirnrx~ 
with r+ P- storqr rings. St-Vera1 dc~,ailc~l studies ctf ring-ring. 
colljclers haw l:cen madr(l]: wrne uncertaintics rcrnain ir the 
driirrd high Iiiriiirrwi(.ic,s art: lo Of achirvcxri. 

‘I’hc main t,hrusl of linar: based rt e- cnllidrrs is towar(ls high(*r 
wllisiorr rnergir5. RuC thr dili;:rrnt rratlrrt, of thr tlGwl twnrlt VI- 
ft:r:t and the smeller I..c:a~u crrrrclitl; c~>uld also rmlkr su(.h s~ht.mr~ 
ili~c7VS~ill~ C,I’tibiJ,S fr,J n ICry tljgh hlmiW,St~~~ H- f“aCtl)rJ.. ‘J’tl? 
t7irninctsit)- rsr Ilnnc~ li!rac:-colli~l~:~ f~-tC;tr(ilri~,:: is tiriLi(c,ll by (hr 
r-lYpilrYI high < + pl<“lurtiiirl r;rtrs.jZ]. ‘I‘hc~ linar: rir:g cotlidc>r, 
wliirh has bwll rvrc:lltly discussrd il:S<) in ronnc.r:tion willi high 
fn~rg)’ collidera[3’, a\oids this p~ohlrrn hy storing ttlr c+ braIn, 
nrrd L~~vI-c 5w.m~ I (I hr: no prirlr:ipl<, qllst WIT IV ;LC hir\,ing vr*i !’ 
lligh Iumin0sit.ir~s irl a t3-17arl(,ry with asymmclrir. bran1 rn~r- 
gica [,I]. 

This conlrihuti:sn sutnmari~rs I.he findings COT a~ inInrlnx1 
sC,udy al ClCRR’ on tl~r prwiprcfs for ii t3 I~‘nc~f~>r-!, in tltc lirl;lr,-ritir: 
sctlc~nle. 

3 Paranieters 

Figure 1 show:, a layout ol a lirlac-riIlg-collitlcr. AlI c- bc,nnl it 
rontinuously TKICW+-tl from a linac and dunlpc,d afl.car I.hc collisio!l 

l’ieurr 1: J,inac-Jtina-Collider Overview 
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*‘i!h ;kn r’+ l)l,aln stored in ii ring, ‘1‘1~~~ (~0 bc,;w~s i*,<’ silt,j(~~~t Ir, 
lrr~ t]itrCtc-ltt r(~IlSlFitill~s. 1 ,ill:tr ring-CclllidcFs arc’ n rlC1:’ df~rrtain 
and c;~~n~:ratly wrcptc’d I(‘( ipic3 Tt,r pram<-trrs (10 n~bt y(s1 c:xi+(,. 
III ‘1’;1lh I SC(S 01 possiblr pnralnt~tcrs arc given. Jn lhr rdlowing 
WC disc 117s il Tc\v i~tlpor tan1 lilnili~t.iolt5 to i,hr lurliinrisit)~. 

For a drsircxt lurninosit~ the powcsr d thv c- be;lnL (F’< ) i< 
giwrl 1)~ (h(> transve1w dc’rlsiis (iI rtita sior[.d c+ tlralltli. 

* r’ 
1: _:. yi,,),,f,\~ !!!Z 24, . + !iL - I. _.. __ 

<1 (pm)~ 1,’ c;e1’ Iol’m-*?l ’ (‘1 

A low crllif.lancc high prak currrnt c + beam is dcn~i~r~~l~~~l t(, kwp 
1:. in bounds. ‘I‘hr: e- beam will be heavily disruplrd by Ihc 
r~quircd high e+ chargr density. ‘1’111: disruption pararnclrr(l ))7 
tvhic h rclatm lhc bunch length (TT~) to lhr clfwtive Tocal l(bngtll 
0J t.11~ t)carlt f~)rc:r, is inverwlg proporlinrlal t,o 1: 

At II’ 2 
IF. = 2.8, IO” - . -- . 

f$ 13 - --.--. 
c I’,- I $ 5: CT,* 10~“cr,l-2.9-’ 

(2) 

I’:wI~ a brarn power d a h MW corrrspontls l,o a disruption 
paramrtrr of several hundred and the clcctrons undergo scwral 
osciltalious in lhc high density eA bunch. 

Al cncrgics considered here the bcamstrahlurrg losses (6a,(,.) 
caus? no sizcabk! energy ?iJnvaring of the P- him and Iht: dcsta- 
bitizing drd on the e + beam stems lo be the majcr concern. 
Thcrc is no silnplc criterion to judge the destabilizing effrct from 
111~ ~agnil~dc of J) (see chapter about beam-beam erect). We 
qnantiry the bcilJn force by the hear tune shifl(c,t ) that the 
nominal linac beam causes to the et beam, analogous to ring- 
ring-colliders. A lower limit for <,+ requires an inrrrasr of the 
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b’iaurr 2: Ilrc.ir:~lllatirlg I.lNA(! bnsc~l OII 1,151‘ (‘a\‘i(.irr; 

cc rurrrnl~ (If * ) arid of the collisi9n lrrqncrlcy (/?) proporliorlnl 
in tlica l)cl.i~Turli,lirlrl (P, ) al 111~ collisic\n poirtt. 

2 BY 
I,+ = 0.5,,1 -~ 

d,E 9Ccl I‘ -. --. 
I $ 2~ cm (, I I’(, I:‘, + 

- (3) 
11P’r,rL-2,9 -’ 

AS it c01lhc~cp:~‘1:rc d cqualicvrl 3 higher brain eut~rgins impI! 

sri~dlrr posii,ron c.urrcBrlls, hut lrolri sy11cl110tron radialic)n power 
If;sv!: (PC+ K I, I,;‘/,,) a hwcr II,& i!: plcrrrrw!. 

In ‘l’abl~ I [iv<’ sl’l,h <IF pnrarllc~t~t~r: c~iu.lr rrssulting iti iL lunlinobil: 
<If Io”~tc~rir-2~9 -I drc given. The Ii151 Ll ,r(‘c casts a,-<; ror a 3. I c;cv 
c branl and a 9 (ir\: stnragr ring l)ra~n; cast I) and J< arc for 
an 8 Gel fi- linac. ant1 a X5 GcV e+ ring. l?a)r boLh cncrgy 
chc~ir~~s r.-~ur!~l and Jlal bratrt rxarnplrs arc given. TN c.asv A a 

1 hq":"' c+ t,c~;Lnl and a 1 mA c- bran1 arc collitlet! with it 
spol silt* of 1 (1~ii; vgjrrc-spending to Lh? bYan-bcarll silnillation~ 
dCsrrlt)frl 1nt.t r. III cast H and C! the cssrnlial input ronstrnints 

iirr: 

J;, : [If"' 

7 XJ?l II', p, / - 107~18~1 and [,I = 0.05; in Cast: I) and 
= llinlll ) R,. = 7rnr1~ and (,1 = 0.05. 

4 Superconducting Linac 

SllpercoIldr~~~~ir!g Iiltlir~rreq~~!:~~ry caviibs arc% !,y now appli~*r! in 
scvcral projw (.s[5]. Figllrc 2 orl(linrs il rrrirculatil~g linw using 
LICI r:avitirs[G] as building blocks. In !,El’, four 350 hlf1.r ta\-- 
itics with Jollr c~llq rach are pu(, into a ~r~rnmr~n c~ryoslal. ‘I’h<, 
total Irngl II nf su(~lI it Itnit. is ab(rut IUnl. Assuming four r(.(.ir(.u 
lalions and a griidirnt of 7hlV/m, 16 ol those units(F,l cavities) 
and li siandnrtl kl!str<,r,s c:oultl ac.cc~lrr,zfc~ a 2.6 rr, ttcn~n uj, (i, 

3GrV. '1'1~ total nrnnrtnt or s:avitim au11 klysIr-ons is compar;~l~lc 
t0 debt n qllill~fl rd Jvhnt is lhlc~ri hr t,hc: r~rirrgs lll~Rl-ildr d 
LEI’. 

For lhe rnvisngrtl low em.- I~ca~ri c:urrmt lllc hjgher order rnodc 
(liohf) c~!lJj)hS 0J th? J,J':J' cil\'i~iC! iUP adPqllatC. \'1'itJl h JOng 

it 1; wavelerlg( II ati<1 Ilic large iris holes 0J the su~lerc~onclrlctirlg 
(‘iii ilit,? a dt~gr;~!,tc i<,rl d tlir r- IWRIII quali!y (c~n~iitanw grr~wtlr, 
cnrrgy rcs,lutian) is no1 expected. In ‘Table 2 the rcquirmcnts 
lor a H-I:aclory arr compared wit.h some basic pararriclcr ol SII- 
pcrcondurling RI: projects at I,J<J’, JIERA, TJUSTAN and CG- 
HA I’. h’on!, oF l.hc quanlities like tctnl gradient, prak or avrragc 
current are more demanding than those typically required in 
thrse projects. 

Table 2: Corn2arison of Superconduct 
Project LEP 1 IIERA 1 KEK 
Total Gr. (CV) 3. 1-0.3 [ 0.2 

10. 0.2 
2. 32. 
8 12 

0. I 1.2 
30. 20. 
500 500 
9. 5. . . .---.. 

16 RF T’KI 
CEBAI; 

0.8 
1500. 
.0003 

I 

.0005 
1. 

1500 

.8 

eels. 
B-Fact. 

0.R 
30 
.lc, 
7 

(0 1 
IO. 

350 
8. --- 

With Q. = 5. lo”, whicli is nol beyond rcarh at ‘ihlV/ru, thr 
cryogenic lossrs due to residual J<I: resistance arc less than 4kW 
at 4,2J<clvin. In additon static heat losses of about 1.5 kW are 
cxpcctcd. 

GUL ‘1‘11~ high collision frequcncivs rcquirr a low emit tance, 
short clcctron bunch directly rrom the cathotlc. J’hotocath- 
odes irracliatcd by a laser and directly placed into a high gra- 
dht IIT; c:at,its hltrc~ bcrll dcvdOI)d h IT1 (‘?- mrt tr <,“- i,asrI 
appliraliaris[‘i]. ‘1’0 ovcrcolnc the: large space-chargr hcs in 
nnrtr-rlat.inisl.ic dvns? el~~clrorl blinch~,, higIl ac-crlrratiorl gra- 
dic,rlts dirct tly a(. lhc pl~~~~ocn~l~ot!e arc tlcrr~nndcd. ‘I‘hosr 
pholn~ nl,hndr lnscr guns arc’ now being strldie(l ill sc:vrlal 
laboratorics[P] including a (:JGJtN group for CLIC. In Table ~1 
projects in 1~)s Alamos, Hrookhaven (BNL,) and a joint study for 
a gun with a sllr)ercorlJllc:tirrg 111; cavity in Ll’uppertal,CI;l!AF 
ad I)ESY(WCJ)) art: cornparf’d to typical rcquirerncnts for a 
U-Factory gun. The critical ratio of prnk curwrIt lo rmitf,anc-c 

Table 3: Coru arisurl of J,aser Itie’ Guns. 
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h a Ji-J*‘xlory is comparal)lc (CL Ihcsc projwls. A lligli wpcli- 
tiotl raLc could hr achicwd with a c0nlmrrrially availahlc mod+ 
lockvt! lawr. 

5 LOW Emittance High Current Ring 

‘1’1~~ rw~uircrrrrnts h they P +- stotagr rinE arc cornparal~lc tc I hr~sc, 
d vc-r~’ wl1~:31ir cd syrdrot~9rr ligld S~:ILI-C:C~ 0~ damping ring: !or 
Juturt: linear collitl~~rs. Iligh peak and avcragr cur~rrn~s toEt:tl;cr 
will\ lhn rrqnirrc! low csrnit lilllcl’ c!lall~~lli;v th(, t:f:i~rn slabili!), aiir! 
t.J\f> aligrtrncu~ tolcrancrs 01 surh a ring. 

Synchrotron radiati<,rl is a last coolir1g *1,"~hallislrl, llU1 10 

avoid beam heating, radiation lwscs in rcgiorls wilh largr dis- 
prrsiton ha\,c to bc avoitfcd. Various lattice types I~avo been 
c~~risi~l~rrd I0r this purp0sr. \Vc slurlicd tlrr p0ssibilil.y d a high 
lunc I;0110 lattice with wigglrrs in dispersion free ~vncs. ‘J’his 
type of ring has l’or cxarnplt: bcc*n st\i(lict! l’t,r a CI.J(I t!;~r[lljing 
ring itr lllc SJ’S-tunncJ[!)]. 

Drrc to the low emillance, small apcrlure cj~~adruj~ol~ citxi bc. 

us~l in IIIC low fi inserlion and detector backgrount! problcrns 
Irorn ~hc Iligh currrnl ring sl~ould bc sm;dl. Jor!trapping prob- 
icms inherent to e- rings arc avoided. 

A more dclailcd IcasilAity study of the ring is ncrded. 
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6 Beam-Beam Effect 

‘I’hc beam-l,rsam Emil in storage rings is causetl largrly 1); lhc 

nnnlinearities of t,hp beam lorccs. A disrupled e- bvarrl wiC.11 

a drastically reshaped charge distribrrticvn mighl incrcare these 

nonGnrarilif:s. On thy 01 hc,r hand the possil,iliI,y I0 diwiwl Itlr: 

hearn nrter lhc ~collision opens new pnssit)litirs; a19lt c.vtlrrc*nl 

phrnonicbna and flipJloJ) rfr~cts are trl less wnccr~ll. 

Sirtrula(i<bn!: wit,h lwo dilfrrrnt pr~~Srarr,S hitvv twvn pvr1;jr rlr:vi 

using he;~ru J,a.r nnrrlr~rs c,i)rrt,sJri~rrdirlg to I aw A in ‘l~;Lhl<~ I; in 

addition the size (of lhi, C- Irean~ has bwn wrril~l. 

Figurr Sa shows ~hc 20 contoura of 111~ c’ brarrr wilh dil- 

ferenl c- trajrc(nriv!: oscillating t.hrorrgh thr c -+ t!llTl’-ll. A(, t,l1r 

cenkrr of the collision arca Iht: e- density is enhancc~l (pinch 

eKrcl). In IGl;urf 7b an C- bcnm wilt1 d r: llc~n is siinul;rtc~d, 

A luminosity errlranct~lncnt appears, but t,hr maximal tuncshirl 

snd Ihr n~)rrlinr;lril,i~s inrwaw. In l”igurc: SC a Intic t~roil4r:r 

c- beam disr iihril.i:)ri ( 0 = 3iir~), but with il ncolrlinal C+ Irunc h 
(r~ =: l/fm) is siinnl;~l,cd; c,lcctrons is*,’ drawn in by (11~ srn;lllvr 

ra4 buncli and Lhe l\ro launches arc I>rttrr matchrd lhan in l;ig- 

uw 31,. l)ilci t.f> the* intial ptlasr: spaw spwi~d and ttir nonliricar 

rorcrs 0f the (:auwiilli cd- ~IUJIC~I I c I , st.rong phasr rnrl-clalinli tw 
~WPPII (hr cI:~r:~lon tra,j~~torirs rxisl.. 

111 t.hw simntatil~n~ tII(z p~~ilti~r: fic~l~l ih t;tkcnn frorlr tlrl, ur, 

perturbed br,;lrrr (‘uc;lk-slrong’). In a wr.ond proglarrr tlcv~~l~.~J~~~l 

lrlr CI,I(! boLtI l,f:;url Ir,rvs nre sinl\tlzl~tvl silri~rll;~norls i I_ (‘slrmg 

strong’). I“igu;r 4 shows how lhr c7rvt:hpcs 0I 11~~ Iwo t!carris 

cvcrlvr during Itir cc~lli<i~~ii Trtr rlillr~rvril, e- hunch siws. l”trr Ilrr- 
c’il’ic of a b~oadcr clr,vlri,rr dislril,ulii)ri (:l/~rn) Lhc 1~0 hun( tsvs 

i~w ovrrtapt)ing al (try c~c~llision lirnra. -l’;Lt,l4~ 4 @*w tt1t, lurni- 
rlirsil> lritll irrid wil tri,ui I~t~iirn Irf,;irr: Tiirw, Ior rlirr,rc,rii (’ ‘rl>iBi 

si7~ rlorrnali/<,d (0 ;LTI I ~~ipvr (~lrlbt~tl r~lllisi~lrl si,~c, of I ,l,r~. 

l’al)l*: 4: 1,rrrrrinosil.y I!;rlti;~rll~l:llltII( (111, - 2.) _--_- .._ .- --- -- 

12~~~~!‘)./.ci,5 ‘ 1 (p!) _-. IfI1 (noJ.=<:) .- ~jr)_(~jj~J~~J~:r) “,:,:1 1 1,5r; .I 

I.. ::-I-~:~~- -I_~-~~--l~~--.-:::~~~~- ! 
The possit,ilil:< 1(! influcn~c Ilrc n{~rllint:ar h~ilrii-twilrn f~~rcc~ 11) 

adjusting lhr: ~lwiror, I)ITRI~: initirll c.onrlition I~~~>ks c~rrc~r~urat;irrl;. 

Figure 3: Electron Trajectorit:s in I’ositron Hunch 
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‘1.0 g(,t il. rriorc quarrtil,ativc~ J~ic.t.ow [or it possiblr limit d- thr, 
linwr t\inwllilt E,t a storilg(: ring with nc)nlirlc~;~~il.i~s and it Io\r 

p irrscr(ii)n has to l)v simuln(c4 ti>Sc*lhc.r with a lar&v v?lu~ of I). 

An expcrirrlrntnl trst 01 such a licnrrl-twarn inL(.raction r;trnnri~ 

\\.011111 tic ht~lpfrll. 

7 C:onrlllsions 

lligh Iurriinc~sitic~s sc~‘1n possitllr in ttlv linar--ring c ~~llitlrr wt l’rnf’. 

‘I’hv srl~~(~ri:~~ridll~.lirlg ritdi(lrr(‘(Jlrf,rlI y lirrac i~rr!l Ihc, I: ~uli c 19ultl 

bc blrilt bawd on existing technology. ‘I’hr low rrnillancc and 

high curwn1 C+ ririg could lw dvsignrd alr~n~, the lilrr*i d ~111. 
van& synchrolron liglil source or damping rings ~c,I- futurr 

IirLcar c ollidcrs. Cornparctl 10 a rin8-rirrg-collider ttrc linac -ring- 

ro!li(lv~ avoids a high rurrwt r- ring illl’l allr1vY Itlwr ~nlill,an~-c~ 

Iic~nms. ‘I IIC- Ti1c1 that O~P I~rnnl is diwmtfd dtt,r tht, collisii~~~ 
c>pws rlvw pcrssihililic+ lo ilnpIo\,c 111~ bcarrl-hc;tlrl limit. A liriac 
ring-c ollidrr appears atl,ractivr, but rlkrt,lrfr stuclic are ncwlc~rl, 
lo sw IIW nlwtk 4 its Jbolt~rrlinl could tic willi7crl. 
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