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l. Introduction 

It- is widely accepted nowadays in the phy~ical community that new generation of 

linear electron~posi~ron colliders of TeV range should be a linear one [1-4]. To achieve a 

reasonable tength .and ~ost of sucha·collider, an ';1-ccel~~ating_gradient oftheorder ~f 100 

. M~V /m is needed~Ther~ exists a good COil Sent about the choice of accelerating stru"ture . ' - - -.. . 

for ·linear ~olliders, it is :a~c~pted now ,that it sl1ould be the trav~lli~g wave ~tru~ture. It 
' ' • ' • ' • • c .. 

was demonstrat-ed tha~ the required accelerating gradient can be achieved at the .present 

level of accelerati1;g R&D [5]. 

Nevertheless; there are·~ lot of probleins to be s~lved prior to ti{e constructing of a 
~ - -, ,_- - ' 

. full-si~e collider; One of th~·Inain probl~m~ unr~sol~eatill now is the problem-of a reliable 
' . . . - ' .-~ ,' ' ' ' - -

. 'kF flOWer source._There'are t~~ Ulain trends,to ~olve this problem. One of them assumes 
•. , ' __ , ·\. '. ' ••• - >' • ; . I' ·••• • • ' 

to use the traditionalapproach witl(klystron technique' to feed accelerating·struct~res 
\· ' -~ .• , .r_ / J • •• ' .,· • _.I '. ·--.. . ~ 

' (X-banf- proje_c~s 'developed 
1
at Protvino, SLAC_ and KEK [1,2] and $-band pr?ject at 

- DESY [3)).'Another approach exploits an idea of a two-beam ~c~e!t~rator (CLIC project 
• ' . \• <- l. . ·-:. •• •, .· ,' ~- •·• . 

.at CERN [4]). In this paper we pres~nt a novt;l concept of the -RF power supply for linear 
' \'· .· . ' 

:collider,s based;on the phased--array antenna ~echnique. ~; · · 

2; ; F<?nnulation of the l>roblem · 
' • ' o •- ' • 0 • ~ ' ' I 

.Th~ main coinmon feature o(almgst all the projects consists in the choice of short RF 
.•. / . , , . .- . 

~avelength in X-band for VLEPP, NLC and JLC proje~ts ~nd in /{.,-band for the CLIC 

project. Such ~ choiC~ of wa;elength is the ~onsequence of the faCt that the required peak 
' ' .. : •, '. ,• -- . ._-- ', ~. ,_ , -- - I • 

and averageRF' power.~re scaled with the RP wavelength a~ ,\112 and '..\2, respectively. 
•. .: I ~· • , - _; . -' ~ • . .: 

-To provide hi.e;h average accelerating gradient, the length of accelerating section is usually 
" . . 

·chosen equarto l ~ l.j4, wliere~l. is th~l:lamphig length corresponding to the ·attenuation 
- . .. ' . - ' 

of the RF. field a~plitude by factor e ( e ;; 2. 71828 :: . ). The damping length z. is connected 

with. the other pa~am~ter~ ~f the accelerating section by the re}ati?n z. = ..\Qv9 /trc, where 

v
9 

is the 'group velocity of the wave in the 'waveguid~ and Q is the quality factor. 

;.·~ •. ~.*"' ............. --.:.,., ..... ~ ~, ................ "_ ..... ~ 
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To achieve the required level of the accelerating field strength in the accelerating 

structure, the RF.pulse. duration.should no~be shorter than the fil!ii{g timer~ 4lfv9 ~ 

>.Qf'rrc. For example, forJLC projeCt we have the length ~f acceleiatings~ctim1 l;, 0.7 

m and the requir~d RF pulse duration r ~ 90 n·s: Accelerating gradient d£/dz = 100 

MeV /m is achieved at the peak RF power P ~.120 MW (I]. For the CLIC project these 

parameters are equal to: 1 = 0.27t~i, r ~ 35 ns, 4£/dz = 80.MeV /m aiJd p ~ 15 MW [4]. 
' : • < • )·,.i ·, . < < < ·, 

The analysis of the collider projects shows that ii1 all' cases the filling time of the· single 

accelerati1;g section T ~ 30,-;- 100 us is ~uc\l'iess 'thau.acceleration duty cycle T'= L/c, 
. ' . . . , 

where L is' the half-length ofthe collider. For example,-~t L ~ 10 kn~:we get T ~ 30J.Ls 
' • , . ~ ' . /. ·"" .. ,_ . , . I • ; , 

and T /r ~ 300--;- 1000. 

, · Le_t · ~s· consider iii_ detail. the operation .of acce.lerator .. e:cploiting. klystrm1. techni'que. · 

Each klystron feeds its own -~cc~lerati~g secti~n', the· total nu~nber of klystrons is equal . \• . . ' . 
to Ljl and is of th~ order of lSOOO fo~ X-band accelerat~r. ~ith· the length L ~ lOkm~ 

. The klystron pulse duration is ass~med to,he as ,'shor~ as possible, (e. of the ~rdero.f 
~ ·' ' ' : • •• ' •• " --.. •• '· ' ·, • 1-- ' ' ./ -:./· 

the filling time r. Each klystron .is switched on with the prescribed delay,. pumps the 
-- ,·. . \,' . ' . 

I \_ • . ' . . ' / 

accelerating section during the·.timeintervalr ai1d is switched off just after the passage-

of electr~n beaii~ through ihe accelerati'ng se~tion. 
1

Fo; ,til~ d~epei: ;.e~li~ing o; the· linear 

collider operation it is conve1iient' to in1agihe tl;e follo~ing visual picture. At ai1y moment . 
·' . - . .·., ': . ' . \~~ .' ,, \ . . 

of acceleration cycle, the length.of the accelcrato: sectioi1, com~nutated to the switched on 

klystrons, is equal to cr and is'usually of the order of3+30 m. The spot of RF e~citation 
. '• . . ' ·, .. 

moves along the accelerator with tlie :velocity Of light c and the electron (posit;'on) beam 
' . ·- ' . ' . . . ~ - . ' . 

moves near tl1e back front of this spot. 
. . . 

This simple picture reveals that maxim~i peak RF.power necessai·y fur aco.ileratio'n, 

is equal to Per /land it is by T fr "times le~s than th~ int~gral peak p~wer of alll<(ystrons. _ 
, . I . , . 

Rememberii1g that factor T fr is rather larg~ for all the projects, -T /r ":' 103 ,, one can 
f ., •• 

conciude that traditionai klystron technique is. not optimal for Te V linear. colliders .. So, 

there is .a necessity to desigtr such an RF supply whic:h gives tl~e JlOssibi!ify to corrlnmta~e 
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the fulloutput ... RF power to the section of length cr. and commutate this power along the 
' _., >. • . . • • •• - ., :'• ' • ' ' 

·accelerator ":ith the velocity of light c;: 
/ 

,/ 
::<;·} .•. 

3. Phased array antenna as a.~Fsource for linear collider 

Omi ~(the p6s.sible ~ays to design ai1 op!i~nal RFsupply is ba.Se~ on the con~ept 

of a t\V~-beam accelerator. A variant of this sche~~~ is being studi~d theoretically and 

-experiment all;. at CE~N-(CLIC p;oje~t (4]). In 'this scheme RF. power is. generated by 
. . ·. J \ ,· ...... - . ' : 

drive beain in .the travelling wave structures. Another variant of two-beam accelerator . ' . ·;- ,. < < ·- -_ • 

scheme based on a free electroi1laser techniqu;;, is. developed by Ses~ler with co-authors 
' - ' .. . ' . . : ~ 

. [6,7'].:' . 

It .should, be iwted 'that designers of powe~ful· ~ad~r· syst~ms face similar problems as 
# '·- ' • • 

~ . ' ' 

designe~s ?f the future generation linear ~olliders.: rai~ely, they all rteed a reliable and 
~ . . . ·< --- ,' . ·. . -.... · ." . 

pow~rful RF.~ourcewith short"i.avelength, high peakRF p,ower and highrepetition rat~; 
. .. . . . ··. 

To. solve the radar problems, a unique -~echnique based on the c~ncept:of phased array 
·. . ' 

a~ten'na h~s· be~Ii developed (8]. In this paper we propose. to use these techni'que for 'the · 
• ·-' - • ' )I,' -. , • ~- • •• ' . 

linear collider design. Vje propdse to replace the "iin?ginary" spot ?fRF excitation moving 

. along the actelerator by means of the ~eal spot from a Ini~rowave r~diator. The microwave 
• ·• < • • ' ' • ••• • •• '. > • ' .\' •• ... • ' • 

·. radiator is ~ssumed t6 'be a· multiel~~ent ph~sed ~rray ant~nna.-wl;ich focuses and scans 

the RF beam il.1~ng tl1e a:cce!er~toi ~ith the.speed of light c. 'rlie phased ~rra:Y antenna 
\ ._ ~ '.... :· ' . . - . ' '·· .. ·. ' ' / . . ' / ' ' 

consi~ts' of 'a. lar~e 'num~e;. of r~~liating. ~l~ments' pl.iced in the_ node~ of rectangular grid 

with ~ stet> >.;2. Eacl; ~~diating elem~nt is assuined to be ~n open \vaveguide end. signai . 
.. ~ . '. 

-·amplitu-des and phases· of elements· ~recontr~IIed indepeild~ntly. From .the radiote~hnical 

point ofvi~w the phased array antenn": is adevi~~ matching sepa'r~ted RF sources_ with' 

an ~pen space which plays. the role of a .feeder in the ~~e under ~onsicleraiion. There 
, ' ,. •• > .-

are three evident adva_ntages of usi~g the phased ar~ay antenna. First, it enable~ on~ to 

sum up the power of I,nany small RF sources-in, the slngle·powerful RF beam. Second, 

· the use of the· open space as a feeder makes·it possible to, pro~ide i1igh RF power flux 

'3 



' - .. . . ; . ' ~ . / . 
unachievable in usual feeders. And third, the systends extr.emely reliabl~ with respect 

to the breakdown of eleme_~tts. · E~en a break~ge of_ a large nuinber of eleJnents do~s i10t 

inte;fere drastically with the operation of the ~h~le-~ystem. 

;..} 

. i 

~ 

.. ,.. 

\,-

~ 

.\J .. ·····\_J···.·· ... ·.•·· .... ~· 

~.·· ... -· ... I'' l '~ . 
,~ · r .-1 

·.···.·m: ... ·.? __ 
. ·,· . ·-.· 

···w··.···· .. · . . . ' 
' ,· •• j. 

'1- ;· .. ·)·: 

' ~ t. 
·, (_ 

Fig: 1. T~ansmitting phased array. Her~: (1).: niatching horn; .(2). • ral'liating element; 
(3)- pl~ase shifter; (4)- w~veguide; (5) ~RF amplifier; (6)- tnaster oscillator·, 

The phased array antenna is-.;_rranged as follows (s~e Fig.1 ). RFpower is produced 
," . , , - - I'- -- ·,_ -~ . , -: l • •. ;: • ~-- : - - . .. - , .. - . . ~ 

by a large number of RF. atbplifiers _controll_e~ by a co1~nion tn<ister oscillator.,The RF 

power from each atnplifier is fed to so)ne' numbe~ of antenna radiati{Jg elements: To divide 
. w ' ' • • 

. the RF power 

used, but at a 

among the' radiatin'g' ·elements, n~any types of power dividers. may, be 

laq!;e Iiumber . of. a6tenna . ~j~nJet1t: the . divider· of- quasi~~ptical type. i~ . 
the most appropriate .. The transmitting array is as·s~~ited to be ~ feed through one. S~ch 

' ~ . . . "• 

an array consists ·of input and output radiators coi!nected by m~a.ns of phase shifteJ:s. 

To provide a compact arrat~gemmt of the array, eacl~ ph.:S~ shifter transv~rse ditnensi~n 
, • - - • .• , _I • ' •• • :· -. : •· ·: -~ • • 

should not be larger than >-./2 x >-./'Lin this· case it c~n be ·placed immediate!ybehind the 
" -· . /' 

radiating array elemen.t.' For instanc~, a typi~'af X ~band phase. shifte~ ha.S the follo~ing 
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charactt;ristics:_ traJis1~1itting peak RF vower "' I kW; transmitting 'average RF power 

"'10 W;conunul.ation.ti-me"' 100 ns; RF powe·r losses"' 0.3 dB; weight"' 10 g:. · 

To provid~' the optimal RF beam focusing on the receiving antennas, the latter should. 

b~ placed. in the. Fresnel diffraction zone, i.e. at R ~ S2 I>-., where·S ·.is the maximal 

transvers~ di;IH.'J{sion of the iransmitti~g ~rray: W~ as~ume in t_he further COJisideration the 

FresJ~el JmmberNp= S~f(>-..R) to,b,e rather farge, NF >> L In this cas~ the feedthrough 
' ·.. . ' ' - ."' . -, ,._ ·. . l 

array works as a rnicrowavc adaptive lens dirs_cting the RF l:ieam to remote receivers. The 

wave' front on the transmitting array is controlledby ~he steering parameters (amplitudes ' 

a;lf phases) of its radia"ting .elen;t,jik As a result, a;~~-{ scan of theJocuse~ ~F focal spot 
·• • ': • • ' ':', - • • I • •. ; 

along tile itccelerator is perfoi·nwd . 
·'' 

t, ,_ ~/ 

,, 

., ........ _ ..... 
2 

·:-'--·.,-.--
Ct" 

L 

, Fig:2. Sch!,m<:' of RF l)ow~i- supply f01;a linear'collider·u~ing the phased a1:ray antenna 
'technique ' . . . . . . , . . '·· . . . 

One o[ the simplest configurations· of the pnipost~d Rf' pow,er supply schcmt' is 

presented in Fig.2:0f course, this schen~e is not optimal,'Imt it allows one to understand 
. - ' - '; . . . -- ' ' . ' 

' th~ main ft,atun~s of the proposal. Electrons (positrons) are aecdc~ated along the._.:- axis. 

The accelei·ation begii1s at 1ioi1it A and ends at' the intnaction poin.t H. Tlw lialf-length 

o; the accelerator is equal Jo AB ·= L'. Thetransmit~ing a::ray is p;::ct>d at point C, 
. . .. - ' -. - -.·. . 

symme~ri<:ally t~J the accelerator ends at ;tlw di'stann· (~ D = R from the a'ccdcrator. 

"' 5. 
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Angle LA CD ='· LBCD- is the scannir{g angle 00 and usually does n~t exceed 60° for flat , 

arrays. 

. 

,. ~- . ' 
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Fig.3. Receiving phased-array. Here:· (1)·- rnatching iwrn; (2) c re~eiving ~ler~e'~i; (3),. 
-phase shifter; (4)- wav~guide; '(5) - commutating element; (6) - <iccel;rating 
section: ' . 

Focused RF radiati~r) of thetransmitting array is received· by the receiving array. The 

latter has the form of a strip located' near. and aJong:the linea~ collider .. It consists of· 
. .,._ .· .' ,_., . '- ' ,_-_\ 

L/ I separated rectang~lar antennas, each connected ·withjts own ac.cel~ratiu'{ secti~n 
' ' :- ' . • - \ • t . -~ . ' ·.' - _. ' ~: . -

(see Fig.3). The 'receiving ar{tenna 'is a self-phased array. orie. The. techhique of ~elf-
. ' ' /. ·:· ' ' ·' •'. ' ': ' . 

phased antennas. is widely used now for rad~r appli~ations. Theprinciple of it~ operatio~ . 
~ ~ ' .. - " . . 

consi~ts in correction of th~ ~ec~ivjng s!g~1al phase in such a way that su~mati~n of 

the signals recei~ed b; different ant~m1~ ~leme;1ts is pe;formed i~ phase._ It sh~uld · b~ 
noted that the usage oftl~e .self-phased antenn~· tecluiique enabl~s one to ()rganiz~ the 

opti~al matcliing of the ~pen spac~ and ll;~cel~ratingsection. F~~the~mor~, it makes it 
- ' . ' ~ ' ·, \ ' -. ~ . ~ 

possible to diminish significantly the influence of such. harmful factors as atmospheric 

inhomog~neities, precipi~ati;~, vibrations, etc: 
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· To estimate the tr":nsverse dimensions_ of the transmitting. and receiving antennas, ' 

we shall use the methods of physical optics and approximation of continu~us antenna 
. r • . -

' ' ' 

·aperture (which is valid at a large number of antenna elements), We assume the phase 
- - • • ' • -~ • • ' : - ._ • • • • • -<- ' -~ • • ' -. • •• 

front of: the focal spot at the receiving antenna to be a plane one. The RYfield amplitude 
,.. I- . • • • ~ ' ::-. . . ~ • ; •. ' ' • . '' •' ' ' ' - . ' 

distdbuti9n or~ the receiving antenna along. the transverse. ~oordinate has the Gaussian 
• • ·, • '- • • .•. • " ' I • 

. . . 
profile .t/J =Aexp(-x2/w~)~ Along the longit!ldinal direction z the focal spot has the size . --....- . .·.; ' .. · .- .. 

.CT' which is much more than the tl:allsverse Olle, i.e. Wo <'CT. As a ~esult, the maximal 
• • .,__ • • • ; ' • ' '< • ' - .. • ~ • • ' •• '. ' : • • • • • 

linear dimension of the transmitting antenna depends only on the. choice of the RF focus 
. , . . . I. .. - . . ·.. .. .... . . , . .· . . , . , 

spot srze W 0 •. . ' 

It is well knowr{ frorri thetheory ofGaus~ian b~ams that ~t the distatii:e R from 

the ~ocal ;po(the fie;da~plitude. ~i~t~ibuti~n re~~in~: Gau~s;an, ·a-nd it~ width w and 

wavefront curvatuie b are:given with the expressions (9): 

· .. ,b = R ( l+(1rw~/ -XR)2
), ·w.~ w~[I+ t>.R/~[v~)2]i12 ... 

s~; the focal spot oft he slze ~0 and plane wavefr~nt at the r~ceiving antenna take place 
;----; ~ ·. . . . ·- . ., -·:·. ..- \. . _-/ ,. 

~hen fi~ld distribution at th~ tninsmitting~~nt~nna obe;s ~he Gaussiim distrib~tion law 
. ' - . . ' . . ~ ' . 

; wjth 'the width wand phase front cu~vature b (remembering that the transverse dimensions 
. · ... ·- - ; .·"' ,_ -· .' . ' .·. . -

of thetrari~mitting'and receiving antennai must be greater than 2w and 2wo' respectively). 
' . . . -..::_ . . . .' .· . . . -- _. ~ 

So, the choice of the va~ue w0 arid the distari~e R gives the value ~fliriear dimension S 

... of the tntns~nitting anteni1a.The tr~nsverse dimer;sioi1. ~f.the receiving ·antenria·is'defined 

by/the ~alue'~f !.Vo. AU he s~me time,' the distan~e R shouldnotbe too small obeying .. 

the coiiditf6n ~h~t the sca~ni~g an~le 0~ must be iess than 60°,· i.e. R sh~uld b~ chosen 
' ' . - ' ' ·. -· ·. . . - . / . 

R ~ o:3L ~see Fig.2). 

It should be no~ed thatthe influence of such effects as RF field absorption, dispersion 

andattenuation in the,mediumbetween thetran'smitting and receiving antennas, should 
. ~ \ .. 

be taken. into account. The detailed analysis. has. shown that. these eff~cts ·influence 

insignificantly the ope~ati~n .. of the proposed RF power ~upply ·system if the distance 

b~t~~n the transmitting and receiving antenh~ I does not exceed several kilometers. 

· Another helpfurfacto~ is that the chosen RF frequency b~nds (10 GHz for NLC and 

.:: 
7 



-, 

JLC "and 30 6Hz fo~ · CLIC) 'are pl~ced insid~ the 'so~call~d · atmospl;eric ~indows' and __ 

atte~u~ti~ri .pe~ ~ne kilo'In~ter is-ofUie o~i:ler o((J.OI dB and 0.05dB; ~es])~ctively [8]. 

-· h~ conclusio{l of this ~ection we ~hould ·emph.;,;,i~e th~t the scheii;e pre~e1it~d in Fig.2 
• c • ' •• • \ 

aims to lll~st;ate the prop~sal, and, of c~urs~, 'it 'may be i1on~ptimalfroin the practical 
-· . - ·. : - . 

p~i~t' of view:- We realize that· there ~re- i10 hniversal solu'tiOii; of. the pi:obleiii of the 

RF power. supply fo~ T~V linear colliders: Otir. pr~p~s~l.solves the l)roblem ;f tlie RF 
• < < , < / _.} < < ~- ' 

supply 'it;~lf but s~me nov~! p~oblen;s should be sol~ed, namely the probleill of r~diati~n 
' -- : - ~ . .-

safety 'a;id tl~~ probl~In of ~()i}lpact ~rrangenient oft he system. A ci:llil.preheii;ive analysi~ 
, , 

of these problems is the su'bJ~ct of a special study .bt;t as for' the latter one, it' 1iiay be 
''-. - .• ,- . ' . . . . ~ . '- - ' - - .. 

easil/'solv~d by ~~~e~ns 'ofhlstallation (){ <idditi~nai ~ed}rective ari·ays, tln;s reducing the 

tr~nsvers~ dim~n~ions: of tl1e sy~t~ni':- ' 

4. · Numerical~~ailll;le · 

'··.' '!' > _,· .• 

To illustrate the proposed Rf'supply scllep1e,\ve choo~e the parametersof the lineal: 
• '" ·- ' • ' •. :·.- ,·' ;_ ' • • ' ·' • • • ' . " ~ ~ •• •• ,. l 

~ollider.which ar<(;los'e tothe. CLIC paramete~s[4].:We a~sume'theRF w~~ele1ig~h to 

be_A c= 1 em ,the ~<;>llider ha!f-ki1gth L ;= 10km,-CT =:' '_ 10 m; the acceleratiJ}g section 
' -·· - •• --.: ' • ": \ < ·: •• ' ,- • .' • • < < • '.• _. ' •• •• ' <, _. 

Jengt_h ~ :==.0125 m, the ,acceleratil1g gradientdt'/dz.,~ 80 MeV /rn; the distti.Jce between 

the trallsmittiiigaiT~Y-~nd.accel~r~tor·R = 3 k1;1; and the wi:lth of the Gauiisia;1beam 
' • • ' • -. • ' , .1 ~ , • • , c • , • •• ' , • • , • ,. • • • • • ' 

at the receiving array w 0 = 1 m. The d~ty cycle of this accelerator is equal to .T ~:30ps - . . ' . . ~ . ' . ' .. ) . '' < '.. . " . .. : : . . : ·_ ' 

at the repetition ~:ate J ~ 3 kH~'(duty'factor 10)-; To achieve the required accelerating 
< <. • •• ' : ' , • :'· < • ••• < / 

gradient in the single accelerating section, the peak RF power P = 15,MW is Jieeded·and, 
• c • ' • • • :.~ • • -.-

consequently, the peak RF power 600 MW is necessary to feed the accelerating secti01~ 
~ - • .. • ' ,. • > ' - • • ' • " • '. • • • • • • 

of length CT. 

The. transmitting phased. array is a plane Qlle with tni:I1sverse dimen~ions 40 X 4o .Ill. 
, • • ' •• < • , • ;; ' -:_.. < , ••• , 

It consistsof6 ·107 waveguide radiators which are placed in the nodes of rectangular grid 

with the st~p 0.5 em. Each radi~tor isc~ntrolled by.it~ ~~n phase shifter. providiiig the 
. . . ' . . -'. - . --

transmission of the peak RF power,__' 1,5 Wand average RF power":' 1.5 W. 

8 
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The receiving antenna is of the form of a strip with transverse dimensions 4 m X· 

10 km. It consists of 40000 separate modules with dimensions 4 x 0.25 m, each feeding 
-. c • - _/. • \. '--- • • • - •• 

its' own accelerating section: The receiving ~odule represents a horn:with a phas~d array 

·antenna ai its .entrance. The number of receiving elements in the module is equal to 40000._ 

Each receiving el~ment consists of input and output radiators connected with the phase. ' . , 

'shifter providing the transmissimi of.the peak RP power~ 500 Wand average·RF power 

' ~ Q.04 w. 
_,_. 

There are 15000 RF amplifiers (peak power 40 kW, average power4 kW; duty factor. 
i • • r ( ' ., • 

IO) commutated into the transmitting ph~ed array ~ntenna: E~ch amplifler feeds 4000 
•• /' :.;. ·_ l,_ - • ' ,· - : ' ./ - • ; / • • 

radiators located at the area 30 X 30 em: The matching of the amplifier waveguide with the 
' . / -- . . . 

radiators is ~erfor1ned by IlJeai;s of ahorn. Ifthe transverse dimei1sions of th~ amplifiers 
. ' . ' - . · .. 

are rat he~ small, (less th~n 30 x 30 cm),-they may be placed iminediately behind the 
. /: ., . . " . . ' ~ :- ,.. -

. . . . . \ 
antenna to reduce the lengthof matching waveguides. -

- ,, ( . ~- . 
It sho~ld be ;wt.ed that thei:~.is no need to deielop-principally new types of amplifiers . ... . ' -- . . . ~ ". . ; \ . 

fci~ th~ proposed RF pow~r supply sche1ne, devices with close parameters are ~idely used 
. ; :· ' ' . ' ,, -

_.' elst:whe;e. For example, the travelling wave:t~be•\.r'TA-5700 designed by''Va~ian''. has an 
- . - I ' . i '. • . ; . '-, 

otitput peak RF Rower 30.kW and an a'\'erage power 9 kW (duty factor 3) at a frequency 

~£,35 'GHz. Tl~e tube~eight(~ith s?lenoid) is equal til 160kG, l~ia1p~ter 37 em, lehgth 
, ' , 'i , , • .- ' , 

· 63 ~m, amphfi,cation coefficient 50dB, and accelerating voltage 47 kV. 

---
. , . 

5. . Conclusio'n 

In the present paper we have proposed a novel scheme of the RF powe~ supply for 
- ~. " . ., . . ,, / . . - .. . ' . -~ 

TeVcrange linear colliders based on the phased array ai1tenna technique. The RF power 

of a large number of a1~1plifiers is. conunutated by a multielement d~ctronically scanned 

array. Then R~ ;o~er feeds ~hrough ·the air-~e~der to tl;e receiving ~rrays of the collider 

l~cated in:the F~esnel diffraction zone. Finally, th~receiving ar;aystrai~SI~~it the received 
. . . 

RF power to the accelerating sections of the accelerato~. The adva;1tages of the proposed 
. ,_ . . •' . 

9· 



) ' '~ i ~ 

scheme are as follows.: Fi~st, the,required peak RF. power is diminished by .thr.ee orders of 

magnitude. Second,there is no need tl;) develop principallyt~ew RF sources, well-develop~d 
' •• ' ' • < < • ' 

. ·- ' / /) 

reliable serial amplifiers may be us~d. And third, the systeiuis extre~ely 'reliable with 

·respect. to. th~ breakdown of elemt;nts. Even breakage of a large. number 9f elements does 
. . . . ' -· . . ' -:.-' .-- . - \• . 

not interfere diastically,.with the operation,·of,the.whole system, · - . - ·.. •.· ' . ., . 
In conclusion we'sh~uldnote that. the phased array technique was developed.intensively 

' . ',..; . ' .. ' . .. . ., . 

for needs of .radar applications.\ In some way designers' of radar devices m_Id future 
. . 

generation linear' coilider~ face ,many c~mmon problems,' namely' they eneed. a. reliab-le 
.-~. • 1 I . ,. ' • -

RF devices with a: short RF w~~elerigth, ahign peak power and a high repetition rate. 

A lot of ,work has·. been don_e .to sol~~ tl:i~ ~robleJ.Il. for r~dar ·· applicatio~s .. ·As. a. result, 
. '\ .. 

very powerful t~ch~Jique 'O(the phased array_anteri~a was ~eyelope'd.'A~d we; hope that .. 

application of t'his t~chnique for the R&D ~f th~ future linear collidersis quite possible. 
• - '• ' ' v, •,_.._, '• I; 

,_. 
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