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Introduction --______-- 

I he r~eCCSS1CL of. new arcelerat iorl 
m C’ t I, ” d s ‘94 1 ‘_ t 3 v e r j high’grad~eni 5 for TeV li- 
i)c;ir ml I irjrrs was r~roqr~i5ccl atboctt tpn yrars 
il q 0 . A brr1ad rxploratlon of new techniques 
w Ii : I. !ll!l !iI :1rt f!il whnsr! st a? ilr, ir, surrmarireil 
.n rr311y paprrs (SPP c!.q. Cl]!. 

Dorlng t,he last years It became then 
morr arid marr app”““r’t that new mr,ttlodr; will 
nerd a very lonq developrent t inre, 
, n t P I‘ r s t I I, 1.1 physics c a,, t1 r ClOnC irl the 
s (1 h - I c 1,’ r ,3 n g e an cl t ti c nl a 1 17 11 r 0 b 1 e iii i s not 
tilt> “ci,cr;>t ,011 of urry hlcJ1‘ yrntllr?rlts but of 
n II atlcqu;:fv lc~-ninosity. Trtlnk rCSf’arcI1 il rl d 
cl,- i’ t’ 1 II /) 1.1 (‘I, t w c r k 1s ronrPr1: rntrrl 0 r, Tln:il 

III-116 lif”iI :n hr.am dynam:c~:>, hear, 
nnd r:id L,T- friq~,rn~y (Rr) 

ycrlt?r;lt 1Fli 
;IrrPlPrat 100. Al- 

t houqtl Rr j, n I P 1‘ CJPrl? i-at i on 1 s e $3 s P r-1 t , i I I I I’ 

r 1 ii’:; I (‘ii I II I hP rtlotcc’ of paramet.crs YPc/il lx-es 
Int’v, t ,I (!‘I ; ilrlrl t t> r t1 I, 0 I 0 q _ c’ :, . At 51 A!‘ 

,‘,’ f . 2 . \:liclc:; arrl W~l~;on), IKt K (ril’.?, Ink?- 
fjii 1 a n c I P i‘ 0 ! i: i r o 3 f li n P w ,I 0 w I’ I t Ilhrc; a r e 
[IV / ,I(, clt’vt. 1 r,,‘p”‘! irl i.1~ 7 t c, I 4 G I1 .’ H ii (1 101’ 
i”1 ldj rnnqt* t oqrt ht,T. WI t Ii ,I i, 1 se conpre:;n lO,i 
ill, : t. s. l awrr‘r,i’c Rrrkelry (I FM) toqrthcr IV i 1 11 
I ;,wr~‘ric‘r I i uPrm”rr’ 8: I- I N I ) I :Illora’rlr~ arl~l 
(‘FAN t1 a \‘I‘ bili;Pd ttlclr work 0 r, t h t, 
I wo-braril ai~:r.I~r,tor iTnA, ronrrpt lo 3 0 (1 i rl 
nany t II~Jlisn~ld:; of power I 11titis. I tl? I ni .‘I I hi 
‘Iroup LS nt udyina a n:ult i-st.aqe frcr-oler- 
trclri-l;~;t~r’(r t-1 ) at 17 Gti1 drlI’Prl hy iin Indur- 
1 ,or, I ,,,ili‘. w h i 1 I’ rt f!\ d f’ :: i q r, fl_lrc~sc~c:; a 
dri\,r: 1~1>n<‘ wl:h !I1 Gti/ RI- “t I.R,,!irCr strut- 
t , I ;’ C’ ‘: ” :3r1d sLp”“‘“‘l’1’1“t I nq I‘I’arcc I t~rat i nq rn- 
L 1t Le?. rlrl;.liy, DZS\ (rrf.2, vnss) St ortPd 
i I.> cut~s,~lr~r z milli Ill\lnrh rnnch~nt~ zct s t a ‘! da r d 
f ~p~rjiipr,[-, t_ 5 1111:; ;i110 ~qrrrd ~c:rlt “17 Pl\l:‘m). 

I’anaami~tFr Constrairits ..___- 

The basic dlfiioulty is not the 
qcncrat ian of the t:ltal bolt.nge, belriy “o,lly” 
a 0 I, I’ I; t 1 c I, D f IT ” n e y anti sparp available, bklt 
of ti,t- ri’qlrlrrtl luminct5it y. !; i r c-i: e 1 i’ r t r c ‘2; e n 1: 
CI‘C;:; :;rrt inns scale nlttl t,hc inverse SqU”‘P 
nf : h I’ part lCl0 E’neryy t h P luminosity 
Shl~ .1 1 (I ~ncrcasc with the erbcrgy sq~~ared alid 
FXreed ,ol 3 c”T2 s-: at 1 1ev per beam * 1 ol- 
;~w;~,T~~,., $2 the luminosity in a head- 

N2 ti..H..f 

(1) 

w h r r r N 1 r, 1. t> C’ bunch popul at ion, f the repe- 
titlori rate, K = u /7 
and Ii (Ii 
the f:ar$ lotial er,erg)’ loss ‘> due to bean-beam 
radiation one ran repress the repetitinn rate 
as 

-2 9 
f = 1.4’10 HTT 

4 RHxH , 

cm’ (T’ ’ (Hx+RHy) ’ L (2) 

where H is the reduction factor 
cffects7dependinn on C’ 

for quantum 

only. T is t.hr ratlo 
of average crItica pi-oton energy “LJifT par- 
t,iclP CrlE?rCjy. The produrt PTT has a “f%i-Y 
flat ma~~m~j71, aro.lilil 0.2, for 311 rFaR:lrlatl Ir 
\!nliies . Therefore. with the naximum tolrr- 
nbl? Lal,,r ($zO.!, O,,P qrl!; ‘i/H,Tz’.6 i211ri thp 

1 repetition rate, eqr~.(2), tii=rclmPs 

f = 5*103s-1 
4RHxHI 

(Hx+RHy)’ 
(3) 

for i I 103~crn2 5:. For r o .I II ij 3 e a /I\ :j the 
rrpet It ion rate h :I s t C’ b E a ho u t. 5kHr t. 0 
proi; Id? t, h P rcrluirrd luminosl ty. r 01‘ r1a: 
beams, R a l? the radiation I[~ss is il(~Cniip Ird 
f r c:’ m t he ! coin I 11c 5 i t b* p P 1 bunrtl ;1 n d t ‘Jr 
reprt it iol7 I‘ a t C: c ~4 ,I t I P I’ I’ d u c P tl a r c 0 r tl i n 9 t 0 
f r R 1 . ,A :; p r c t r 3 t i (1 :i 0 f ;,t,out 1On IH 2 I, 

Ii 5s 2) ill-(? ~ncec!c~l to hr i,,o f down to 4,. or- 
d$r r1f lrlrl t1/. 

1 t,t, TrlhllbP :lI’q,,n,f?,lts 1 /II/! I > , t t1at 
1r1 hlqh rep-rate mactllnPs beams w1tt1 s IT, a 1 1 
11 :irr prefr~r;~h le, nrl;i that. 11, low ro,,-rat r 
,” ii c h , I, r :i ( f:-1 0 U 11 7 ) f< ii II d h / U I~il”P to t, P 
il t) ou t two 0 I- d P r s of rrrnqnitu$e hlqhrr. The 
rr>sllii in(l l:rnm hciqilt I ;I T P in ttlc, ordrr of ,171 
3t roll talon. 

Ttir: sr(.oild (Ii ff\rk,lt pr-~,bICfll i:; thP 
f? ii, , t. t a n I ~ c preserval I”1 dur i rug ~rccl ernt 7 on , 
m ” d transr)7rt. Thr r;ut)-urn b P n m d 1 ITI TV n s 1 o n s 
:)l-escL ihI i’er) !S”i’i 1 I c m i ! l R n ‘. (1 :; . lhr :: - li’3 1~iPS 

ni c-0 11 i:;, 01‘ rar rlot rcdurcrl uncfrr 

;itll,! I! -’ -- (4) 
P 

w ! t. I I t, I1 e i: f rF’t’ :i (1 a r c t1c t WI’P,, t hr’ 1 ast <IliD - 
drupnlc and the int.rrsect ion point and A P/P 
the ;,articlc momentum sprrnd. Additioilal ly, 
ill the aase of \iery strong forusinc], t.t1r fl- 
nal beam spot is radiatlnn limited? to 

u iw 3 .j(j” t15/7 
ny (5) 

Y 

to lo+ m for the different ronrepts. This 
IS several orders of magnitude smaller than 
t I1 e value achieved in SLC and requires PX- 
treme carp in t.he transport. channel. 

Apart from concerns wit’1 emittance 
preserbatlon, people were troubled about the 
generation of such low emittances, but since 
recently progress with damping rings, E. in 3*10-‘m 
has been achieved, confidence that less than 
10.’ n is not an unsurmountable obstacle has 
risen. Today, all study groups have paper 
solutions for an adequate damping ring. 

The third big problerr is the genera- 
Lion of the necessary RF peak power. Although 
it is not primarily a basic problem, It is 
nevertheless very severe in terms of money, 
reliability and space available. Following 
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the different ains, 250 GeW or 1 TeV per 
beam, and different philosophies. RF power 
tuocs or distributed pow~“r sources (TBA devi- 
res), the envisaged solution:; c”vcr a large 
area of fi + D work. Tl~c choi CPS made are a 
L-PSlJlt Of "la"y interconnected and partially 
rntlfliri iny reqlJiremPnts 35 wrll as feelings 
horn from a certain well establishrd spirit 
anti rxprrience. 

unt I I rPCCntly, belief in h 1 ‘J ‘I yradirnts, 
L CY R 0 

acr 
M V / m , and ronseq(rPntly into Rr fre- 

qurrlc 1PR hiqtlr-r tharl 3 GHc was comnor~ 3 I rlrr 
the RF peak powrr scales with the square of 
1. /lP ‘1 r ;1 II I P ,I t :I I, 1 wlttl the squ3rc rnnt of 
t hr WriilP I enrJt II for =I f?hPrl qra~.licnt . Tllir 
belief required the development of new RF 
powr,r :i~,,rrc~i;. A laryr, rffort was out t llrrt- 
fore into the dcvelcpment of power tubes 
tnqethrr with pulse compression devices, aim- 
inq nt n t(~be in t.he 9 to 12 Gtir range and a 
power outpI-t of a few lfln PI’IU _ Much work was 
alsn in\lpstpd into thr ronntrr~rtion of an In- 
duct irn 11nnr dr lb?: FFL. I.0 Glni nf 
radiation at 35 Gtlz have been obtained’ but 
PhRSP statilit) was poor. Another approach 

s t L, rl i c s -in GHr radiation from a bunched 
h r ii m p :I F 7 i n g a trnvr?11inq WaVP str!JcturP. 

None of t.hcsr rfforir; li;1vr ket p r ci d 1 I r P d 7 
satisfhinq result . 

Recently Di s‘r (ref. %,VOSS> in a 

<, r, 1 II t Pff-or: with the University of Darrrstsdt 
G r r m 2 r I L , started to tl~irik of 3 convent ional 
10~ gradicr-t ION frpqucncy RF systcm.Assumlng 
;J :; CI ml c ~11 a I 1 rrw P r F: rl P r g y , 2 5 f~ G F V p r - h P am , a 
t 1 r ia cd i P n 1 c,f lpss t.tlafl 20 NV,‘m wa:.i irlentlf’lcd 
nr; thp cost mrnimum when tradinq-off RF cqulp- 
m i’ I, t 3 n ti civil engin~erlnq c0st.s. Thr 

handirnp is a lorry ma,-hl nix wit11 many b u I, - 
Cllt=S. This marhinr is nearly ~drrltlral to 
t Ilt’ p r n F-1 II : e :I scprrro dcrrt i ~‘q (S’Z) I irlnc:; 
ii p a I‘ t front tIlc gradlent whiri; is lower hy a 
faclrlr2. t;qnce c-r-machines hn\]c c) fill-factors 

of I1 . 5 , tire efferti\ yrndlrnt Ls atloUt I. t1c 

si am r with the ndvnni.aqe of a cheaper a n d 

s I m p I P r t i? i‘ll II ~7 1 0 q y . 

1 t:c boundary contiit i on8 fnr the study 
prij~ip:; dlffpr In terms 0: the desired mnrhlnc 

Prnerqy, t, t-1 e site aiiailable and t IIt: planned 

t imr :irlled~~l~. They influence, toqether LU 1 tt1 
the [.j,adit icrns and rxp~rience Of the lobcrato- 

TY, t. 11 6’ envisaged technical solutions and 

t h P I‘ C’ f-o r I’ the marhlne paramrters. Table 1 
st,ow:; it-it? r;pecific paramr;crs of the dlffercni 
stud LCS. 

lab1 1. -entative para:ne!.pr list of .Ilncar 
collider studiPs 

DESY 
___~---.-- -- --- 
c.m.encrqi eV a.5 

ltJml”OSlt, 1a33c,-2 *-: I.9 

scc.qradlPrll N’/;m 17 

act. freqLen:y 

:--- 

c H L : 

re,et,t1on ca’? HI 5” 

“0. 0’ b”“ches:p”lse 172 

bunch pcpulatlon ICC 7 

bL,“?h length a.2 

nom.vert.emitta7ce 10 ,*m 

: olllalon~ mm 

6 

beam height (colllsioni nm 7.8 

jasFect rallo LIy_- 1 25 

--I- :::” \ ::: I ;rp:YJ:::e- 
0.5 1 I 2 
1.7 /5/l !l 

9? 10” 83 80 
I 

ii.0 11.4 IQ.3 30 

36U ZC” 1on ,,a[1 

10 ID 1 1 

10 ‘100 5 

o.ns a.09 3.7 a.2 

2 I 6 

iL--L-L 

3 1.4 10 i rt 
100 l&O 100 5 

Acceleratinq Structure -- --- 

The most efficient accelpratiny 
struc1ure is still the familiar disc-!nndPd 
waveguide. I t. is a travellinq-wave structcirr 
with the advantage of a common, matr+ed frcd- 
pc lnt for rnary cells. ll:c power IS p r rr i* 1 d F d 
reflprtion-free In form of short pirIses wtrosc 
duratini: is given b) tOp ienqt ‘1 of I t1r: st rue- 
turr a 1-l ri the fill inq speed, cant rrlllrd by 
the disc holes. Lenqth and aperture a I‘ P 
r~?lrL11atPrl b! tracing off dic.sipat ihrl (JCII inil 
fllllng time and ef fectivr qrndlent fnr a 
qlvpn peak pc’wrr. 

Ii I ‘Jili’,’ r~r;~tl~cirls :‘rirl trc acliir u~(J nt :i/IIiJ t Cl’ 
wavelPnqth,slnrc Chc power is assentla!l\ fo- 
r !, s P d in+r, :I smnllcr vulumc. IllP srsllrlrt f 0 I 
peak- and averaqc power is 

,< 1: 7 

l? RF ‘-’ ‘\ I FRF *. A’ (6) 

f II r B f I xP(l qr:rtl1t~rll . i:utucvr~r, henm IliliLir~r’ll 
fields (wakPfi?lds! Per unit length 
increase with the nrr,nnd and third powrr of- 
the frcqtrency for longitudinal and transvr=rsr 
component rrspertively. That means thp ~nrrq), 
spread intr~asrr: (h;rcl for final rOrL1H! :i I? (I 
t t1c t rans\‘pr:ir st;iiJilit!, rapldl) dctiar-lo- 
ratrs. Sinrr ?.hP trnnr;\.crnp w a kc f i e 1 tf i; ais0 
dt-sperltl on t he oprrt ilrc Wlih rouqtll) : hr 
third power, nt ructurcs with frrqurncieo 
h i (1 h P I‘ ? ii an 3 G ii i ml !I 113~~ two t irres I nr~j<‘r 
rat 10 of aprrtilrv to wavrxlrnqth in OI‘lif- 1. t 0 
r~ompensate, at 1 F a D ! port:;~Ilv,thr wnkp- 
f:rld’s f-scali,>y. 

ltlr stucly of rl~ffrrrnt I a b r i c a t i 0 n 
mrt ?ld:; t-1 a s y 1 c I tl P d , that tire tbc::l 1~ r; t 1 I t 
vacuclm braring of a stark cf rlar’i1rir~tl c 11 p p P r 
f II p :i . Thp reql,ircd tnlcranccs ii n ti f;,lrf:lre 
f1rli::lj rln not e*rf~rsl tilv pr~;‘;rI111ttir! 01 mn- 
~l:~rn mnchlne tool:;. Tt,:s appl ips P \f c II for 
the !I1 Gllz CERN s! ruct urn, whirh i:: mart1 .rir-i 
to I ii” tolrr;,r,c-Pr; nr~li Vl surfart- flni:;h 0 ‘I 
a special ti i ii m 0 I, d - t 0 0 I I 4 t. h r . M i c r 0 w ii v c 
mrasurcmr,nts on n test-stark StlnwPcl ‘I ri is- 
persior) diagram in ngrrcnrnt w i Ltl c c: li, p (1 t 6’ r 
,values to withina few %.andrell-to-cell phasr 
e l- r 0 r ii t-1 c I C’ w 1 o . 

The hig’l nrrelrratlnq gradlrnts corr- 
sidercd for most marhInes may cause i;urfarr 
dctrriorat iorl by arrinq or by lhermal s:rtas- 
scs due to the pulsed cperatlon. Verb scriucls 
problems rrny also ar isf’ Sy f1el:l P m 1 s s 1 0 rr 
currents. Thry can destroy surfare, the 
affect field symmetry and. t’?us generat? ran- 
dom deflections which blow-up the emittance. 
Therefore, the efferis related to hiqh 
gradients are studied at SLAC, KEK and LAL- 
Orsay. 

Single bunctl linear colliders arr “Cl-) 
ineff i cent:. The mains to RF conversion effl- 
ciency is typically 20 E. Only a few “6 0 f 
t’le energy stored in the accelerating st ruc- 
ture can be extracted by the bunch, the limit 
being tCle tolerable energy spread, r~sul tinq 
in an overall efficiency of about D.5E. 
Nearly one order of magnitude increase 
m i gh t be obtained by multibunch operation, 
since, the extracted energy is multiplled by 
the numSer of bunches? while the dissipatiorl 
is increased by the ratio of beam pulse 
duration to filling time only. The problem 
is avoiding hunch-to-bunch deflection (beam 
hreak-up). With higher frequency machinrs 
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this mcnns heavily de-queucing of higher 
modrs h: radial slots in every disc, Fig.1. 
Ths slots arc coupled to wavequides whirl1 
dirprt any ?igher mode power Into loads. 

t , (1. I Corceptual dpsiqn of a stack of fo~rr 
arcelernt inq cells with radial 
da II p L n CJ 1 i il R s . 

t or I~WPI. freqtrenc! machines damned cavities 
rr a ) n:it IIF. ncrrssary. Iristcad, bunches roul d 
t, t’ pl;~rrd nt tbp field minImum of t w c bea- 
: 111<, t riiln:1vcri;r 11, 0 cl P 5 I‘ r’ r, Cl 1 t I ri rj from LW3 
:i I I q t1 t. I ) dl f i‘rrrnt i; t. r ,, C‘ t i, r tl s 

RF Power Generation 

A:-art from the DCSY design all ma- 
rtll,lt’-i use Crrq~~~~nrirs h:gher than 3 Ctiz a II d 
ii 1 q t, gradients. P’OWPI. rrqulrPmc,‘ts vary be - 
t w i’ r i, 1 0 0 :i I-1 11 i; r ii P 1 a 1 l(l[C I’lW,‘m. Tl~t=i;t> BO,,~CP:? 
n r P r, c-1 t a L ;J I 1 a b 1 c . ltlrcc rli rrrt inn:; of dE\,P- 
1npmP~t arf t)Pinq pursued: DinrrrtP snllrrc.ci, 
tl, st rlblltrr- ‘;ll,,r~‘f’~; iir-cl t t1r IRA. 

I)isrret C’ ‘~~~ii:.rc:i 

w 1 t I1 (Ii srrrt P SnIIrces UZ’P rle.a- indi- 
~1 idual power ronvert.ers, typically an PlPr- 
t.rcjil-ttt~;iw t LII)P~ t nqrt ttci,, ri:c~rltukll) , ‘wit t1 ‘4 
pti 1 !ii‘ onm~pr~ss~1or devirc. Tl,r “workl,or~;t~” i .I 

arrclrr;rt <IT trrhrnloq~ i:; st I I I t t1c olri kl)- 
StIm,,. I SSFiiL l”ll~, 1t rcuirsLr;li; llf 3 g:s,> Il,l-- 
rred hy a rathodr aild ai, atlu(:i~ tn ganera1.c ant! 
arrrlrratr~ t hr t)eami,nrt ~r-ip”t rarity to imposr- 
3 L r 1 <I :: 1 I y 0 CI cl 1.1 1 ii t i n n , :t drift sparp to al lo:? 
f o r b u il r h i TI g , an o u t p u t r a L’ I t y w h P r e t he b u n - 
ctrcd bear- r ndi at rc; r c i h ia r P n t m L r r o w a v e s a n d ii 
collector ar; a bpnm dunp. ihe bearr energy 1s 
1 irnItcJ:l hv voltage breakdnwr in the gur aria, 
t I>C bC3l’i ( urrsnt. b” S:IRCP chnrqe and cattloilc 
a:eu athicti tends tn sralp w1t.t) X2 . The peak 
p 0 w s? r 0 il t F’ II t ) t hP produrt of rurrcnt t imec 
volt aqe irlr,,rcrl 1 t-1 t ilP 0 ” i. p il t cavity, 
st-ales, tt,r,rei‘orP,rni~rl’ll~ with h and it seems 
u 17 I i C F’ I i t hat ronvpnt Ional klyrjt roriu c 0 II I i I 
sup~ll y hi gt; peak power at. shor 1. wavelength * 
5 e t, r I_ ii 1 itlpnr; t r) t 0 oticrcome t he c3t,hndp 
-II-Pa I 1 111 i t ii t i n ii , e . q . b :, cattlodc clclstrrr;, 
r 1 tlllc,rl I>F’anlS or by usirq n snmrwtlat ti i fferent 
[:rlrn(,iplP like a qyro- klystron or a crossed- 
fir.ti generator. tart1 onlut ion Ihas its proper 
tl~ff ~ct.lt~vr silrh as ur~c;~rffir~r,nt henm sLabi- 
1it.y or fif phase stabilit). 

f’robably, thP hpst IV h a t could h r 
e x p I’ r t e (i in the near fut,urp is a workinq X- 
bxnd klystron with R power rat inq bct,ween 50 
and lilfl MCI. This power wi II have to t1 t in- 
CrCaSCd b) a pulse compression device. The 
d cv i I: P LISF‘d rout incly today is t ti c St AC 
enerqy dout11er (51 ED), based on tt1e obser- 

vat ion that power radiated from a heavily 
overcoupled ravit), is scvcral times the 
incident pOWPI- imTediatcly after having 
switched off the incident wa\‘e. A further 
tncrease by two car be gained If incident 

radiation is reversed in phase rather than 
simply switched off. In practice, the device 
reaches a power muitiplicatlon of about 3. 
Anot.her ty;hnique, called binary pulse 
compression CEPC!, can theoretically g 1ve 
arbitrary gain in steps of a factor two. Two 
RF sources, Fig. Za, feed lonq pUlSeS into 
a hybrid coupler. The SOllrCeS ’ phases are 
such that. they combine at the first coupler 
output which is connected to a low-loss 
delay line. ti a 1 f w a y t h r 0 u g h t.he pulse, the 

phases are changed and the comb ined power 
exits the second Output of the coupler. B 0 t. t1 

prompt and delayed pulses have half-length 
with twice power and can be directed to a 
subsequent stage. The device has passed 
low power tests successfully and high power 
test wi Ii be done. Rccentlyz SI-AC :P *El. 
Wilson, ref.21 and Protvino CtiLEPP) have 
picked up an tdea published elsewhere”. In 
this srhene, called SLLD-TJ, the SLCD storage 
ravit ies are replaced by stlort-rirculted de- 
I cay I IrIPS, Fiq.2 b. T hv nd\;ant aqr i r, ii 
c: t 3 i r - c a :i P - 1 1 k c 0 il i p j I t p (i 1 5 f’ w i t h a f 1 a t t 0 p . 

al 

P 2 
.I.n_ 

fdP’l)llrF-.- ..I&;, , 
5&zz-..--~ 1. -- -.- y output 2 

P 

L- 

P 2 

-- 
I * t in t 1 1 

b! SbCit 1 y- q- short 2 

0”tp”t 

Flq. 2 Diaqrams of RF pulse conpressors: 
a) sinqle-staqr binary pulse com- 
prcsso, :tlPI‘), t,: SLt-D-II covprrssor. 

DisCrlbuted 5o11rces 

To OVOIC-I iili excessive number of 
discrete sOurccs, reusing the hiqh intensity 
R ” t I 1‘ (‘ P b P a /, in a prriorlic multi-stage device 
running parallel to the mairl linac, has been 
proposed, Fig. 3. 

1 he LBI. ,‘I.1 NI. group “studies an alternatinq 
arranqement of FFt and induct,ion linar units. 
lhe RF is generated by F El. radiation, of 
whirh a large frart.ion is extracted and fed 
to the main llnac. The left-over RF serves as 



p h a D e re’erencP 1 I, the next FFl II n i t . 
Between the FEI units, the beam is reaccele- 

ratPrY by indurtion units fed vi3 magr3etlr 
p I!, 1 s e compressors. Rmorg other reasons, the 
relation betwrpr RF wave lenqttr and beam pncr- 

SV, limits thn nun>bor cf subsequent St ages. 
The elertro~ energy has to b E 0 f t. h P ” r d t? 1 
cf 10 Me\: whrre phasr: slip Pfferts nncc trar~:;- 
UPI-SP heam stabi ity do n 0 : al 1Oh more* 
t. h il n R han3 ful 0 f StagP”. T tie ma 1 II 

prohlFm a I‘ P ii R to br stadirti nrr 5 1 dcbar1C 
ir~:;I;il~il it ips, RF phase s-nnt rol, rt i 
rrt rnrtion anti stable parlmrtpr rl~p~-i~dr~~i‘e. 

DECELERATION - REACCELERATION UNITS WITH FEEDS 
RF GENERATING UNITS 

hbh I,lowE DRIVE BEAM 

high I 

INJECTOR 

- RF TRANSFER “’ 

-,---- __ 
1 b 

MAIN ACCELERbTING UNITS tow I, high E MAIN BEAM 

i i(J. 3 5 c ti P r, H t I c ti I‘ a w 1 ri r] r f il t m* 0 - t> P ii /,, 
ii c c e I c r a t. 0 r . 

Two-Rram Accelerators -.____ .- -..... .-.- _- 

rPsslrr’ 
lat tvist 
the mai rl 
i 1 0 ,I I-1 r 
sc ttlf% <i 
state. 

In 3 tr.jr lRA, a:5 p I‘ 0 p n ‘3 e rl 1,y A. 

i ,the drive-hea has to hr highly rc- 
I (’ , 60 that it can stretch all Rl011(1 

11na-. DerrlPration and rcnrrr lcra- 
tilt- drlvp-bean are ilonr :id~~hntiralI~ 
I r;tri hlltpd Rf so~~rri‘ 1 cc in a StPati), 

In a solution, w t 1 : c h is Selnq c;tLi- 

died at CFH~‘, Fly. h, ttlc, RF 1s generatpd by 
a trwr1 ” r b 1. n r h 51 s paur i lllj thrnuqh 30 Gil: 

travcllinq-wace (Tl+J, structures. Four tr;:;;; 
srpnrat PI‘ h) the st rtlrtI)rP qrwl~ de 13) 

timr to enpty tllr, t;trilrtcirr 1. makr up for r11‘1p 
RF p t I 1 R F . 1 IIP 1)~ r c t t r ii i r, 7: a r c : i’ R c c r 1 r r n t p ti 

In cr-ca~ltiC5, !‘I nq1nq at 3 5 0 r: ti 7 , ‘A, h i r h 1 r r 
fed. by Ck, 1 0 ir przk-powpi-, trlyh-rffirirnc:2 

klystrons. 

-109m 

BUNCHLETS SC REACCELERATION 

UNIT 
- f. GeV e’ 

/I 
HAIN !:NAC 
s-1000 GeV 

Fiq. 4 Two-beam accelerator wit11 supcrcon- 
ducting cw drive linac and a micro- 

\ wave main linac. 

PJTOblCifi i~reas arc the wakeflrld rffects in- 
duced by the intense dribe bean in the sur- 
r 0 u n d i :I q VJ a 1 1 5 and qeneration and preacc~le- 
r a t I 0 n 0 1‘ thP multi bunrh hpam containlnq 
ahollt 10': electrons in mm-long bunches. To 
study t. h c se problems a test. facility is 
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being bulli a t CEAh, consisting of a 
laser-driven phntoczthodr in a~ Rf- g.jn ii li c! 

magnetic bunrtr conpressars. 

Wakefirld; and I~.ans~er~;c Al~,n,:,,i1’ ~._... ..______.. 

A !j ‘iI c /I I 1 0 -, P d 3 II II I: e , a m it 1 n I‘ il 11 c c I‘ n 
is the preservation of the smal I Fmitl iinces 
durinq ncc~lrrol~~crn. 
the emlttnnce 

Thr rra:;ons tar !;i~oi J inri 
are manifold. Jlttrr notion, 

i . c . u r7 c 0 r r F r : ii 0 1 c Prr’lr’; r I- ” m ,, I / ; ‘: r to 
pLil:it’, !A I 1 I CICCL.I‘ at i II I, r r: ! i o t , il IIt1 illI 
Ii 1 f f c r e I? t mnrtll no componrclt 5. As ;a r P r, ,, I ; . 
the brain el 1ipsP .]-imps arou(ld iri phasp spncc:. 
.Thr emittanrp hccxmcs 
mot 1111, 

dillrtpd. 51nrr ,~~tic~, 
itrl? .IlnrOrrer t ob I P t II’-‘\ /lalP tc1 

below certain values which are dlr?Ctly 
zln) 
co,,- 

netted to tthc beam dlmenslclns. On the (1 t llL’3. 
hand, static alignment Prrcrs can, at least 
in principle, bc mt=asLirP(I :~nr: cor-~~prtp~l. I 11 - 
lernnres on thrsr crri’rs foll~lw f I‘0111 t tic 
allowably rhromatic Lnrlatiorl of t he pari L- 
clcs t rajcrtory end are typicall) mnr~‘ 1 l-1 a I, 
an order of magnitud? looser than for Jitter 
mot 1011. Aniither r e n 3 0 II for rnli t t :~I)cc’ 
dilution is the Inevitable PnPrqy sprrarl 1 II 
t l1e hLllrct1 ger,cratPri il) 1 0 n q i t 0 ci 1 n a I w :i h t’ - 
fields. Alihougir this cl rcct cn,, hi? rmLn,rri?Pll 

h Y making thn I)ur-lctl stl3rt arid t jlC p h ? s i c ;i 1 
;i p c r t ci r P 1 a r cg c: , i t I:: r3UritrI~-/)ro~i 1ct l\i’ f n I- 
high f r P q u P n c y ma c t-1 i rl c s . Thtis~ ma c t I i II F 5 
r P P d ai, npprerii)blr rnrrqy :.pread 10 rlrdrr 
t o r on t r (1 1 t h P t r a n ii i, I: r :i c w a k c f : r 1 c-1 (’ / I c I: i ii . 
Any bunch with il n accldel,tal ! rar,Iivci‘sc 
cffsrl. induces trnnsvt-rsr fleltis wllirti ienll 
to d?f lprt t IIP bunrh C-Or-f HllCl tall I’ \I c I I 
furtt!Pr away. The field’s strenqt /I ‘: c ‘3 1 C’ :; 
‘2: i t 11 i j and 15 therrfr’rr p n r t i r :1 1 ;i /’ I 1 
cumhrrsomc ,2! t1 1 (1 t1 frrqu?nr,P’. 1 II t I1 3 t 
rasc, t. h i’ ‘. :!‘::fields hR”i’ t ‘1 Iii’ i.Plilil -(I I)) 
c tl 0 (3 s i n q a i 0 1, ‘-1 P r hl :a l: i’ I (2 , / ‘/ i I I i 11 ;i,“‘,‘t ,,I‘C’ 
rat io and lli3VP to hP rnnt ro I I PC t1 y H Y ‘; 

‘, d a m p i II 9. . , a mcthoti wh P r P d r f o r II c, : n c-1 w a k R - 
11c:cIs a r t’ ~~o~int.er-hn 1 ancpzl II)’ n foct1s ,,I(1 
lncrei.siny from bunrh head to tall ~IIIF to a 
Icyat ivc crrcrrjy sprcacl. lnsieari of p r 0 L: i rl I II q 
URIS cl 8 ill p 1 r 1 y v i 2 0 ra c I‘ cj ,’ :;pI.cad, G n, II r C’ 
n”wC?rfill mrt hocl w il :i 1: I_ 0 p 0 s c d bask-C !I I1 I! / 
qli;iLlr11,>lilc’::. 5,,,.t1 ;1 /‘L!C”‘~ i,ILJ :;yr;t 1’11, ii,. t I: 0 ii 
t h P b il n c I1 s 7 3 I t? ii I, li r a II irllrrlducv a l;lrgVi 
7prpad I,, f’lrusiiwj I~I:III 0 _I( t~r-irrc_i~’ :;l)i ~>;irl. 

C:,mput cr sl3ulnt ions :1,1d 5 i m 11 1 f. 
t.wo-part~lrlp model rnlrcl1atlnns h n v f’ li t , 0 L”, r I 
tllat trarisvi?rs~ jitter motion of quadrupo! PC‘ 
has to be in the order of U.1 pm r.m.s. value 
SloV~ly varyin!J errors with larger amp 1 i t II d <’ 
hatic to bc corrected on-line. feast sertio-con- 
trolled beam stecrinq and servo-controlled 
alignment rema!r, a neccsslty even though U N :I 
(1 a m p i n g is applied. The requirrri t olc rar,cco 
differ very much brt.ween tl iqtrcr 3 n tl 1OWCl 

frequrnty mnrhines anti the rit’ccsi;i,r) s p r c a ti 
in focl,slng in order to probide optimal danp- 
ing. Two damping situations, weak and strong, 
can be dlstinguished. at lower frequency only 
weak damping, a n d therefore a small 
energy spread, is req:Jired. The buncll per- 
forms relstively large amplitude betatrorl 
motions over many wavelengths. Transverse 
alignment. toleranrps for qu”ClrupolPs RI-P 
typically in the IO urn range and con be as 
high as 50 L,rTl provided thr machinr ic 
correrted chromat irally. At hlqher frpquen- 
ties strong damping 1s necessary within a 
few betatron wavelengths. Head and tail 
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part irlrs follow pssentialiy incoherent 
trajectories whi1.e the honrh core oscillates 
cohrrrntl) within t.he same limits. I n this 

case mlsaligrim~lt errors have to bc kept 
hrlow the t.eam hciqht everywhere, about a felnl 
mirrnr1.4. 

W’1ilc multibunrhing is a II obvi “US 
wa> tc> in(~rca:;r ttle rffirrrlc>, it has also R 
SCSI iec; of drawbacks. The huncll-1 o-bunch prier- 
9 >” !i/)r”;ld l’i75 tu bc smaller than in a s i n g I e 
tlu,I,:tr wllll TN!; dempl!,g,n diff‘irt~lt task undri 
hPnm lond1nq a n tl non-flat RF palses. TllC 
t I‘i,,,!i\‘i~r:;c d>,l”rnlCS arc d n m 1 r‘ :3 t r d b y t h r t) i’il m 
i nrluf~rc’ first t rar,s,‘rri;r TCldP in t t1e Ii / 
StructIarr’. 1 !. I, a :i t o b e P I t h e r d a m p e d d o w ,n 
to rJ-\‘:-ilIlr~ 1 I, t h f Cl r d <‘ r 0 f t 0 and /or t ,I li c d 
:i w t t1:it I)lil-li.llc!; ,‘a”” -at 7F’TO firld Cl-OS- 
G i II q s . Anrlt 9P-r idea” 1 .s t. 0 b II 1 1 d t “JO 
tlifff*rFnt r>t rllr‘t urr:‘, , idrnt irai for ttlr fkin- 
damrm1t al ar,rrlcratir,y mvdr hut sliqhtl) dif- 
f t> 1. C’ I I t fr1r ttlc f irsl t [‘iinsvrrse modr, Fill 
ttlc t r;+ ISVPI z-r i~cl~lr, a( v hrnt iil(j. Bv t i,iiinq 
t tie ti i’ :, t I requerlcy proprrly, drst rtlr- 
f 1 ‘Li C’ ,ritri~lt~rcr,rt L‘ar, hF’ rrratcrl at l)llllCi P”- 
:i 1 t I i, I1 Ii . 

rll-2i Fnrkis Sjstem 3nj_lc?t larll* ._____ --. 

Al i’l? collison point ttic, beans must 
11 :/ fI,,-,,~‘Pd t (1 , iny spnt n in thr ordrr nf 1 nm 
(,I 111 ,,,n dvt>c’ dir,q nn the di ffrrelct tfrsicns. 
Tt (‘:‘r 3l.r :;r\rral rrstrlrtinns Ior ttic m 1 n- 
“, / , I, :, I‘ )I I c i ;a II I /’ t?-f-lrnrt ,nn nt (‘“1 : i!:i”ll 

C ,J, = r ;. (7) 

wit tl lirr ant othehcanl dimcnr; i not:; h? fz rr t t\tj 
[il. t Pi ‘?f’ ilWi at ml I i:;,,,,1 nn,.l a t hi’ f II C‘ :I I 
lE.r,lJtfi. 1.1’. I /II, I rcr $ p i I :- P I, II i’ittlcyr :,1(it\ of 
I /II) ~rit~rilrti:li, (,C 1 Irt . 4 t. f i i‘ s i. , [i m (.I ? t h r 
,l,lLiI IiiI.C]P’ t t,;1i, t t1t. t,lJnr!. Lcliqth ffz ii1 or:ir1. 
I 0 I 1 a \. r ‘_ t1 L’ d101 ts hlirlrh wit lii.1 t hr w i-1 i R t . 
T!l i r I I,,,, t ;ai : (II 17 ii-:binlly f-u1 r i Ili*rl. C;prox~i- 

l!, il, ;i ,,‘I ic,,, m, tti ,,c, ~~tl[.IJ,,i,li I(‘ i’nrrrrt ILlI, 
pa I‘t I C~ I c‘:, WI t ti a d il f crcrit 71i)mentum have 
<I I / f i’1.Plli :‘ il r ;i I 1’ (1 1 ri t ij ) (1 I- I I I Iit her b” 0 I‘ d I; , 
t llf, S[“li li i’f nt tllr i‘ 1 I I I i: I 0 n p:11nt i 13 
“l‘~riir!~l C’ It /I. lilt, rest! I t iliq Ij-function 1s 
larqcr i /h111 t llf’ rclatlv? mnmFnt,lm s r-1 r e 0 d 
t:m(yi: ?l,i, for;-31 lcnqttl, uc’i’ rqo. (4). WiLti 3 
C‘ /I I’ li Ii, H 1 ! i r il r 1‘ t= r t 1 0 n , 2 f;1r-tnr f,f B “1 8 > il r 
i,ii i llf’il i II a tfPs,c]n sl!r,,l;,r to t.hF SLC, s il 

Vi P, ’ 0. l:! c!p/ p b II d dF-mnqnif lratinrl far- 
tnrr; nf ItI- oidcr r1f lo-’ St1011 Id bc pnssihlr 

ror [\ p,‘p 19.. Thlrcll), ir* c a s <’ II f c*rP::- 
siuplb st rr~ncj focusing, t tin flnal spot size 
J :, 1) 1 i:wr~ -top dur t 0 quant i if-cl :-ad i at Inn , P Cl II . 
( 5 ) * 

ltl? rvcl11i rr~j tlrm3yril f’lrnt inn 1s one 0 v e r ii 
f VVJ tI.JlltirPd. iolluwinr: the 511’ schcnc, thi 5 
1 i; Clli,,.~ l,i i t !I ii trlesccopc~. TII~ chrr;mniiclt) ic 
r 0 r I- e r i c (1 , fo:- I~orlinntnl and vert irnl plan?5 
srporatr i)‘, I,!’ sevtilpc~lcs placed I” regions 
(1 r f’i (1 11 c’ ;1ls~‘rrsion. I trc rlispersirn i 5 
rceatrc1 b) wrak and very loriy h P n (1 1 n g see‘- 
t i 0 II s Lw 1 iT ii pmit t.ance yrowtti thy synchro- 
t ran radlat ir-itb. 

itIc% final qundrupole can in princlp- 
1 Cl hr :lf rrlrlvenl.ional dcslgn, prohnhly pcr- 
mnncnl mngncts i 7 conjunction with s w r t 
stcr\1 i>oleS. To achirbe t. h P required qrn- 
dLCilts w1tt1 p*tPLlp fields nf llL!lC IT, 0 I‘ P 
than 1 Tesla, the aperture has to be “cl-y 
i; m a I I , ?at1‘-mllltmrtrr ri]dLtls nr less. Al igrn- 

ment prprision and vlbrat ion amplitudes have 
t0 be a fraction of the beam spot. size at 
cclllslJl1. The rorresponding technlquos ha\je 
yet to be decelopsd. BeaTI-beam deflection and 
beamstrahlung ma) be the appropriate dia- 
gnostic tow1s, and micromovers and passive 
“!C P”t?P active vibration isolations would 
steer thr magnet and keep it in plar~. 

lhcrr: is a prljert under wa> at Sl AT (rpf.2, 
Rurkc) 1-r) build a scaled dotvrl \:tr:;ion of thP 
next. I irlcur c:ll I ider cut rr) ::ria1 focu’;? (-al- 
IPd 1. i n a 1 fnctrs test fai-ilIt (FIEF!. This 
r*nt?rimrr,! ‘5 goal is to product% a focal point 
of lYll.Ob ‘Jrn adith a hurlrtl (If 10’9 P 1 rc-t r”nr;. 
It will be necessary to dcvclop new alignment 
I rr hiI lijU!?!j ;~rnd beam d iagrnst lc insi rllmrn! a- 
I i r:n lo achieve this goal. Thr p*pprlmpnt ir 
a \jolnt effort between SLAC, KKK, Prot.vlno, 
tili-orony and DFSY. 
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