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BEAM DYNAMICS SIMULATIONS OF THE RF-GUN, 

OF THE CLIC TEST FACILITY 

Il.t<r~gtcr, A.l’iscrlt, A..l.flirhr, J.S~,r&lr 

CEIW, ISDivision, CII-1211 Genrva 23 

PARTICLE SOURCE 

‘t‘hr (:I RN l.irlc~ir (‘l,ttidvr ‘lr~l ipacilil? 1~111 I!SC* 8 3 (Zti:, 

rf-gun with a Inscr dri\c>rl plic~lcrcal hotir producing a Ii-air1 of 

illloIer ttlrc.tr4>rl I~uuchrs. ‘I‘tic~ vtinr;lctc*ris(irs of lhis l)citr!l lltl 

dcr I.llC inftrlrr!cr or. spacw:hargr and \\akr-firltts ilrc v~etui~~c~i. 

Sinllllalions arc> ~tori~ witti rhrl 11vip of ‘l’li(‘i SF itnd t’t~i.Abl. 

Introduclion 

l’ht dri:,r linar (If tht, (‘KILN t,incwr (:oltitlrr (Cl,l(.:) vxtuircs 

vrry higtl ImIlrl c~llrrrrlts [I]. A n cxpvrirlwlihl (:l,t(: I’rSl I’ilCil 
it) ((“1’1’) c,crle.isl.irlg 4)f an rf-aurl. a ir;irlifvr I~IIC with il rnag- 
nctic sprrt~r~~rrlc~trr, ii p11s1 ;ic.crlrr;ltor an(l il t)utw rorr~prms~br is 

in prrtmratioil [Y]. ‘1 lir tiirrl is 10 stlldy fhc% gPl~rl-iilio[l of \c*r! 

shcirt, high-illlcwiit) I)r~nc%r~ ( som<s F’S: mow 1tlar1 IO II{: ) :IIICI 
of %I C‘;tiz 1-f pb~\~r t),y dwrt~~rillioll <If t11r t~un~hrs in ii 30 (:I17 

acwlrral jI,g slrud uw. ‘I tin \rr) ntlvancctl dcsigrl of a 1 I /2 dt 

S-hntl rf-gui1 aI HNI, [:I], Vi,<. I, arltt lllr iu ti~~uic a\;Gl;lt)lr 

3 (:I17 pctxver facilitirs Id 10 1 hc rt)ns1 rllv( ill11 of a tih I. 1~ p(, 

gcln (0 spwtl up 111~ f;lrlliliilrir;lli(,ri evil h II,I, t:v[l(~riilioti 01’ 1 /i(w 

Lunrhrs and t.llc,lr rtmgllcrers. 

I”rbr txarn sirrllllati~ln tl\o prc’grarrl~, I’iit,\hl [,i) ijrld ‘I‘HCZI Si’ 
[;I, wrw iit. O’II‘ disposed. As 1~11 II l>rc,grarr,s sl~owrd it g~~r,ti 
agrwrnr~rll 111 il~cair rvsulls (hr writs of hililuti~tious cclvc%rirlg il 
wide r;lllgcb <jr c-hargw, curwrit ttvrlsitir5 aibd ficlrt sl.rrr~glt~s iii 

(Iic calhodc~ wrr rcsiric-ltd to ‘l‘t1(:1 SI: runs. c,r<)ss-chvr.kirIg 
ccartain rwlills xvii11 1’111.\?1. I:or a charpr. of 1 n( ‘% rc511lLs 01) 

(aintvl a~ (‘EHN ww (.~)rrllxlrvd io those c~atrrrt;~lrtt at HNI. 11~ 
irlg i’:\iiRl I:1 .I, Ijrirlgirlg irlt”rt rr>llrlitiivlii v;irt~futI~~ jilt<8 I!IIP. 

Sirrlulat ior15 

‘I’hr j~~~~ltr,c~t~!c-lroIlS nrw silrlulil(c(l wit ti ilII initial Imral)c,lic 

rnrrg> di51 rihut ioll c,cxli(c*rcvt at 1 .5r\., a rollil;lrrl illilint ~~urr~~~il 

drr~sily ~bxcr lhc C ill /I(ldv, arld il rwlallglrli~r or tmr;llr<lliv sh;,pv of 
ttlr I)unc-h ill i irllr. As i tiv 1 hc~rrrlal c~~rlii,!aric.c~ frolrl 111~ c;~i hrlctc 

is stlli~ll coIi1ttiir(vl (0 r.lir, c~l~iill;~i~w gl’~b\\ 1.h tllrririg 01,~ pilshiigv 
of l,tlr parLic.1c.s ttlrclrlgh I hct strucl llrv. sirllllli\l iorls should bc- rf’- 

siric.tcrt lo p;lr(icdvs with axial \~t~t<viiy iit LIIc, biarl. i\i Itlv 0111lri. 

of lhr, gun ihr lllfiirt irttc~ulirb!l was tmitt lo (hr ctmrgc lr;trislrlil. 
Lrd, ~II!W lrngll~ ir:ins\c,rw vrlli((illlc,T. Ircanr dij c~rp~r~v<’ :io~l 

errclrgy tlispcrsioli. 

\\‘hc,rrns HNI, is ctrnccrrlcd 54 ifti vvr,v loiv c~lrli(l;rrlrc*s, Ilir 

(~‘t‘t~ rcq1Iircs high c~tinrg~h; rrrliit;~~~ccs Rrc (of a rrlirlor wr,ccr*l 

proviricvt (hry fit thr adrniItnnw ,,f tttr d0~r1 sl rrnm oplics. llc 

sul/.s frrbrrl f~)ur ciixv sLurtic iiw rcpor[.d hr,w: 

ii) vfry high rhargw, 
b) dlargw, whist. **la:; tw rslraclwl wi( 110111, ti)~ws, 

c) lhc JIoTllillat ctulrgc: OT 9.4 Jl(:. A rrasoni~htr aim for thr* 
lirsl c~xpcriflwrris. 

(1) low c.harg:c;, lwv vrbittili~w for corrl]mrisI~n wi1.h wsutls 
ohl.ailld ni, HUI,. 

‘I’lw cnsr of vq high dmrgrs -. 

‘I‘hr ritqwr lirllil for the charge rrtrmd fro111 ihcx Ci\l.tlOtt( 
is Q,=i5n(,T obtain& by assuming maxima for 

i) Ltir radius of the taspr pritst~ ( r-l Onlmerndius of (hc i1.i:. j, 

ii) t hr rurrrrri dvrrsily ( j=HAjmm2, [Cl ) and 
iii) the puts~ Irngth ( t=3Ops =: 30’ of rf-phaw ), 

Il~,\vr~vrr , sirrrulirli(irrs for rlrilrgcx Irigtrr‘r (t~;ir~ 20 rr(: slrc,i\~d 

sl,rong partictr tossw rtuc 1,o rrnil tawr gr~~1lltl. ‘l‘hc sur\ i\;rt ra(r 

( c-hargc a1 orr(tr~r 12, / inil1at charge (2; ) l)~~i~rrrc :I irrrrjrir (‘e)ir 
crrrl. Fig. 2 pwwrrls a 1) t>ic.at f;~rriil) <,f srrrvivirl wows \;rr> irig 

LJ; and thr rf ;7lraw (I). 4 is giwrr \vith wi;pw( (0 ttrr slirrt of 

tht: lasrr putsc. Q,,,,,,,,-. -79 n(: rould bc ol)(;rirrw. hut (Iris a( a 

sacrifiw of crrrill.irrrcw. t’ncrgy distwrsirrrr iilld srrrvi\itt ralv. 

I’ig. 2 shows 1 hit( ctlargw of 20 II(: c’ilri lw ru(ra~~iwt 51 i(ll<kiir 

tosses. i’ior 0” < il) < ,50” silrrrrlat irbrrs gir,c an rrnilli~nvc~ grow1 h 
I:(: ( sw l;rl)tr I for rlc~finiii~~rr ), au r’rrc’rp disIwr.=ion ttK/t’:, iin 
anyzr~tat. ~livr~rgc*rrcc~ I). il ild il ]“ltst~lrrlgl )I % ( I cr ) or 

150 rrtrrr rrrrirel e: I<(; c: 1711 rrrrrr rrrrird, 
0.7% ,::. ,tt~:/l’ <.: (I.1 ‘j;,, 

!i!t rrrratt c; I) c. 7 t nrrirrl, and 
I.3 111111 j’ 7 ,,” :‘.I$ ~iilli 

pro\ idd 1 ha1 it rrr rrr,rrl ctr~nsil) ,i-)i Ajrnrrr r‘ari Ix’ <b!1liliricrI 

ot”‘r~ltir,rr;rll~. .I’iris swrrrs i~bd;l\~ <Iill tr’r\ ~~~)‘irrridic. 

‘I Irr nolrrinal r‘ilhv of !I. 1 II<’ 

‘l-trr*rr~l;)rr II nw drt~iticd (0 ~orr~(~rr1 rills err ir rriorc wnlislic 
‘2, w1lic.h i~~~uld. rrr~~~rlllt~trv.~. b<iic’ snfisfa~~lor\. t~r~rf~~rrriirrrw ilnd 

rvc~utri allo\\. f.0 fill 111~ (:I,I(’ rf-h(i.rrc(rrrr’ ( rririlii-i)rrrrr,lr xhvrrrc ). 
;r(-tr;vvirrg Ihr fir~ld g~;~tlic~irls ilirrrwt ill. t~~~rrlt~ I~fsirlillldi+~ir~ b8r 

LhiS (‘asr ( CJ,=L+!,. 1 II!:. r=5 mrrr. I.==30 ps ) lrrc.airrc. tlic* iriprrl 
prarnctc~rh fair I hr ctcsigrr of thr stwclrornrl;!r anti l.hr 1 r;lrrsfrr 

Iin, ctoanslrrarn. ‘1’11~ \ariatiorr of 1.11~ rnosl importnnl I~rrrrc~t~ 

pnrslrrc%tvr5 wilh cl; is Rivcxn in fig. 3. I:$. I tlc~rrr~~rrslr;rlr5 I~i~rrc~l~ 

r<l(atir)lr in t trc> AT/7 spirrr’. ‘i’llis r.~rlir( iorr c.orrlrr~t;ll)t(~ lli rli rrr;r> 

hrron~r irnporinrrt for lalcr l,unc,ti crirnprrssiorr. ‘1‘11~ t>.t)ic;rt, 

highly c~l~~~~g;rtcd, (rerrrvcrsr ptrnw spr,vr awn ic sl~oa~r~ in fig ,T, 

‘1‘1 II: raw low ctrnrgr ( 1 nC )? toi\, rrrriitarrcck 

Hoi h ‘l‘l~(~i St’ aricl l’t~i:~~l Ri-v I’arlic~lr~ ii1 (‘VII CI)IICY Ifrr~~ 
pro\ irlv ii hdf r.0rr5ii(vnf solwi~rr of \I;~s\+~~tt’s i~lrrni i,1115 ilrrd ,I:” 

ticif! rrioLiorr unrtrr t,hcl t,orcn(7 forw l;r\v, irrc.lucting 5par.c~(hnrg!t~ 

:~rrd Tva kc,-tirltls. ‘1’11~ rrrairr rlilfc*wlrw tw~ww~r~ I’;\ ii ?I i:I. 1. ~rwrl 
al i\N I,, rr~r(l rhcw~ progrrrrrrs is 11r;il rlrr lal(rr irrvlrr,l(, lv;Ikv 

firIds. ‘I‘trrwf~brt~ il was irr(vrrslirrg 10 c~~,rrrprrrc~ wsrrlt~ rbl)lilirre(l 

:II RNI, wiih ttr,w rl( C15111\; ‘I III’ rrrrlil irrrporlant parirrrrr~lrrs 

of ttrr sirnutntir~rls arr silrnrnnrizrd in lal)lv 1. ‘i’trr high rili io 
( 1 .3,1 ) of Ihc pcwk fictltt (1) IhtT firltl at 1 /I(% ~~al~llr~~lc~ for ‘l‘I3C ‘I Sk 
is dur~ 1.0 its rcstric/.ion 10 quar1ral.i~: gritts (,f large rrrcsh si7v, 

triLrrrp(\rinp a pb4vl shalw ;tt)proxirrri~r il)rr. Apart frorrr ltrai far1 

g(wd agrrmwnt, d 111~ c.alr11hlior15 (‘an ho ttcrr~~,rt~(r;l(rri. ‘i’tiis 
incticarvs fhat in such 3C;ilz struc(urrs ni peak crtrrrlrrls of thr* 

or&r (,f 100 i\, spacr-charge a1~1 rf cffccts still doininnlr vrrril 

lhnrc growlh. 
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Table I : Parameters of a 1nC bunch ( cathode spot radius 3 mm, p111se length 8 ps, field at cathode 100 Il\‘/m ) 

RF parameters PARMELA/BNL TBCI-SFjCXRX PRl.GU/CEHN -- 
f1.F &qucancj, 2856 2855 28.S!) RlHz - 
ft~qwncy ( T-IUO&) - frc~c~u~~~~ ( O-mode) 1.9 1.6 1.7 11Hz 
ihvil:vr Q 12000 11964 
Cavilv pcit.k power 3.9 6.02 Rl\\. 
I’mk field ,’ field itt, c-athotic’ 1 .I)6 I.34 -I 

lunch paramrtrrs at, the oxit of the gxn ( RF phase 61 degrees ) -. ..-.. ------- 
\fean rilor:lCiltllll: 4.60 .I.63 .i .6.5 hV/t 

f’:nc:rgy dispersion ( Jr) 2 .:I 2.i 1.6 % 
.\nplar diqyncr 36 ( 2iT ) 3; (Illax. ;I 38 ( ma Y. ) rrirad 

I+.rr~iltm~rc gruivt h 22 
‘ ‘> 
1 4 J :I? mm mrad 

I3llrlctl dills 3.3 (2~) 5.s [ m&s. ) 5.3 (max. ) mrr1 

hnch length ( lni 2.8.4 2.84 2.43 mm _____~.. --_- ..- - .___- --~ __-... 

- HSI. RF parametrrs from j3]; HNI. beam parsmrtcrs by kI.Kirk ( l/30/9fl ); 
c!!li’.tar!c~r Lrt,!‘.’ tb is calcll!ate~! For ii!acr<)particles ( ring? ) as: .__-. -.-.-.- 

. .----- 1:c = 2 31 \/< r2 >< 7’2 > - < rr’ >2 = J(totai Eniltancr)2 - (f<miltnnce at cathode)“; r’ = dr,/dr: 

rlrrtric fiflti al cathvdt: / prak firid in 2nd cell equals 1: 

‘I tic* sirrrul;rli~blls tlr~~rio~~+ir;~l~~ 111al t.hr (‘l’lz pariiclc sollrvr 

wiilloili ;tri:, rtl;lKnriic c~4~11fi11(~i~w111 can gi;,f c~iitpul chnrgrs c1T1 tlr 

Id(~r iIT I 0 i,, 21) ilc-. ;$i I~ll~schK~hs d 31) Ils or I(-~~, kt~illl~(~7 
ii1 111~ r;l~~gr of llln 10 Ii0 n~ni rn~.i~d ;III~ crlcrgy distlc:rsiclris of 

trs< 1 ti;lrl 1, 1% (, I iT ) 

\\-r ;v4,uld 11hr IO fll;lnk I’.Schurtf, ‘I’.L\~c~iland and tllcsir ~.CRIII 
f,,r 1)r01 it1111g 111~ pu,grntt~ I‘fS(‘l-SV, \\‘.-I{. No\c~ndcr ikrl(l I’roli 

f’;rigirlwrillg Ts,r jlrovidir:g 1’1~01~1. ilTl(l \\‘.fl.r~rllrncr for I ttc* ill 
hlillIiijii)ll r&f rhtw’ (.odw a (‘I’~l{N. Our I hailks nrr gi:c*ri also ((1 

(i.1.r hIcur fg9r t~~‘obidirlg I’I1lAhl. .\: 5 wtl \vr t‘xprws r,i,r tllailks 

for 1 tlr frry~rnl ilcl\ il.c‘ OF Ihc a111 hors of I tlr progr;lli,s and 6&l 

tllr 1’!2l~\It~ I.,\ ru11 ct~111c 1,~ Il.Kirk ( Hlil. ) wllict: c~;lsc*cl clltlc 

r[tllil)ariiiln c~or,sitlrrat)l\‘. 

[I] \\‘.Srl~rlc-It; “:\ ‘I ~v~-Sl;lgr It Is l,irlc;\r (hllitlcr using a 

,Sllil(~r’.~~ll(lliciill~ I!ri\-(7 I,iriac”, (‘I’:t~N-(ll.J(:-Nolr 13. 

I‘rh1rar,v l!IRfj. 
[2] jYfin(-r,n:lic%r. li.(:~isslcr. K.lliibnrr, .1.II.H.hladsc~1~, 

“.\ (‘I,I(,’ tr~,jrctor ‘1’wi l:acility“, ~I~~I~.N~~.‘I.I~.~~No~~~ fi!‘), 

.111nr IWK. 
[3] ti.‘l’.2l~~l~,rrl;llrt. ” I)csigrr of t hc* l,ilsrr-drivcll Ii I‘ 

I’,lrci ror, (;ur: for tllc Hh I, Acwlvrator ‘I‘c~l IJnc.ilily“, 

tP:l;I<: ‘l’r;llrsarii(tns 011 I’:lrc,tron I)c~vicw. \~ot.35, 

),.2lKL I !)W. 
[ 11 (;.l,c \Irur, “,\ ~lixrd Finilr I.:lc~rwril I\lrl,hotl fi~r 

I’i\rtiC!P Sirnlilnii~,n ib I,;lscrl,rr~l~“, 1 I<;[511 I’rorWdiIlgS 

of l’.il.(‘. Xlarch 1087. \Vash.t!C:., t>,t201. 
[5] I~.I~:lwlirlg. I’.S(:lrllc*tt, entl ‘l’.\!‘rilnnd, “‘;c.l~~ollsistr,r11 

Si~~lllti4tio~i of ttigll t’oivc~r. ‘I‘rilws wil h ‘I‘l!(:I Sl”‘. 
[mwl1.(4 ill t11r 1st b:l’.2(: (‘olrfrwnc~r~. I~rlrllc, 

IlSl>. Jll1,v I!)XQ. 
\I;] .I.s.l’ril’-~‘r. I{.]. Shr~tIic~lcl. ” Iligi’ Ilrigl~!rlws Ir!jrt I+)wh 

rtlr 11 f”-dribcn I’rw I’:Irctr~r~ l,i~rs~~. II~,I~ ~~~~~~~~~~~ d 
(.JII~II~ ~1’1 1“l~~~t rol1in, I 01. (11-23, No.!), pp.1 18!)-I 196, 

Srptrrrhr I!Iiii. 
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fig, 1. Fleid patterns ~H$Q *r = const., E’! of the 
3 GHz I T/2 cd/ rf -gun osciiiolfng li, 
T- mode j /he cafhode 15 iocafed On fk 
left side 
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