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Abstract 

A two-cavity RF gun basic design is presented. The elec- 
tric field itist :,i?,utinn along the beam axis is chosen to minitnize 
mtittance growtl~. Iudcpenttmt phasing of the cavities allows to 
Iniriilrlize rwr~rgy spww 1 Simulation!: with the codes PARMELA 
[ij a.~ld t’RIA,hl [2] :LI~ prevented. According to this desigi~, a 
tow-level tno~l?l cavity >vas 1aullrl:rtl. 

Irrt rottuction 

As part of the LAL/Orsay R gi D prOgram 011 future e+c- 
linear collider-5 [3], an RF b run design \vas st.arted at the heginning 
of 1’~‘ll.l. j / 

OriginalVy proposed by G ..4. lVpstr:lkow and J.M.J. Mndey 
:A!, I hr RF gun concrpt is now witlelj studied and expcrirncrtl. 
Both thrrtuitrl~ic~ [&6\ a:iti laser-driv<w [7-l?] RF guns are now 
uitdrr cunstr.~c-iiort: teal a)r lipcratiilll aroi1nd ttle r?ortd. 

1%~ call10<tc l)c,ing located in a high-gractiellt RF cavit,y, the 
elrdrons ex~wrir~nce a high accelrfatitlg field and arc t.hus less 
sensitive lo 51)ace chargt, forces. In case of laser-drivrn RF guns, 
vc’rg stit,r t, pl~l~cs can bca produced by illuminating high-current. 
t1r11hit.y ph~~lornt ttdrs with pic~~srcontl tascrs. Ttlwc prol)f:rlir.i 
rrsutt in high-brightnrss elrctron sources wr!l suited for e+e-- 
linc*ar cotlidrrs, FEI, injrctors anti sgnchrot.rotl radiation st,orage 
ring liwar injwt,ors. 

At Orsay, ttle goal of rhis dr\~vlop~t~vnt on RF gun is to gaill 
5on.f vxperivnre ill j IS *h’ field while providing a possible high- 
trrip,lltnws glen f<,r tlic accclrrator test-facility NEPAT, [16]. Thcx 
cho~n opcratilkg fre(l~~tv~cy is l,hus 3 Cltz. A dispenser rathod<~ 
will bc used, tht%rrfore allowing bot.h thcrmionic and laser-driven 
operation [I :‘j. 

Tllwrt~tical invwtigations show& that. two-cavities inriq)Pn- 
tltntt ly pow~~~wl and phas~~d would nlto~v to minimize both emit- 
1.~1~ and eliergy spread. Longitudinal ctrct.ric field profile with 
RF focllsing WRY chown for the firit cavity. 

Beam dynamic simulafiolts were conducted using hoth PAR- 
hll;‘l,~l and PRIAM cc~des. hlany paramctrrs can be varied: ar- 
celerating field in both cavit.ies, RF pllasr for laser pulse, phasing 
of the ca:itiw, pulw lrngth, currwlt , lawr spot size, lawr prci- 
file. Resutis pwsontcd here are partial and do not cover all t,he 
~~ossil~l~~ rangy of itlvt,~t,igatinrls. 

Theoret,icat investigation 

In an RF gun, electron beam is subject to several effects that 
contribute t:, cnetgy q)wad and emit tatrce growth [l8]: space 
charge force:; both linear and nonlinear, nonlinear time-indepcw 
drnt field effects and linear time-dependent RF field effects whicll 
are characteristic of RF guns wbm compared to DC guns. To 
nnlinillli7v erllittanrr gr~owth, thwc are at Ifast, two criteria: one 

is to minimize nonlinear field effects [19,9] (by designing a cavity 
with linear radial fields and by taking a beam diameter small 
enough), the other is to minimize linear time-dependent RF field 
effects [20]. 

Assuming that a c.a.vit,y has a cylindrical sgmmetry, the 
electric field E,(T,z,(F,~) can 1~ writt,rn E,(r,z)sin(wt -t 40). 
hlaxwclt equations itltow Ltirn to express thp clrctromagrietic 
fields off axis (l’l;(r,z), E,(T,z), Il,(r, z)) as a function of t.hc 
longitudinal on axis electric field EL(O) i). The transverse force 
F TPf applied to a particle of charge q and vr1ocit.y u, is expressed 
by FT,f = qE, - q/~v~~Ii,. It can t.hen be writ,ten as: 
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Wllere W - kc. If Si,ilCC chnr.gtA f(l:i.?S E:,,. are ct)llsiderrtl, tlietl 

1,:. -- F:.,, t I*T..,, (21 

Tlrr two vritcria n~cwt~iq~nc~tt al)~m: can lw rrl;tiheIll~tticatt~ 
cqmswd as foitows: 

[JTF,jl,,, ii,,i,,~<,r il,rTl 0 (3) 

i, 
---I 

II 
iid,,, . (, 

PJf 0 (‘1) 

r:,tlert, If i:, I t:r titrw ~vlir\11 Ill? l)artic.il* (xxits thr cavity iif length I. 
antI 4,” n-presrtlt,s t hr phav of the I< lg wticw it leaves the cathodf~ 
ai, 1 0. Whicll criterion t,o chosr tlqxnds 011 which eifrd is 

tiolllilmlt In 01lr CHSP, brcausc of re!ativrty lonp, hunches, wc 
t:sed ttir second crlterlir t.0 d~~~i~~~ ~III~ <-;iYlt !<‘s. We cmisidrr 11ti1.v 
the linear term in equation (2) which is dominant and regard the 

At‘ tmrtiat dcrivat,ivrs $. +q:, xld i,i;g, itc r~c~~lig:ilLlr~. 7‘11~a followirlg 
boundary coilditions are assumvt: 

Jk,io,o~ --E,,, E,(O>l,j 0: ii,, z 0, &Sff .. &J :- 7r (5) 

\I:lim trying to st>tvc c’quatiou (.I), 17 ib ~latur;rl 10 irki :‘wtuc~C~ 50111r 

T{F focusing near thus cathotlr ta, help rr,lLtrol the st~acc chargr 
c,ftwts. This cm 1,~ cst~reswtl Illittl~(‘I~:i~li~iltly 1)s wail i:~p,: 

d&(0, z) 2mo c’ k cos cd0 7.f E’,,, 
dz (0) 

L-U J -- fzrl?,, sin” ~$0 1 x-d’ 

A suffcicnt condition to satisfy eq3alion (4) ii t.ll~~I~: 

d3J:,10, 2) k 
dz? 

d(wf * dQ,) c ~~E_(O,rl-+ ;YL .? 
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gi InuP c 0 E J 

Equat,iorl (71 togrthrr with conditions (5) and (6) can hi 
s~~lr~rci numerically for givrn & ) 00, 6 cltrrrnt, and cathode ri~dius, 
pwvidetl that a simple linrar exprrscion is assumeii for I;,,, 
I-or the parameters of illti’i.(*hf in ijllr cup, the res1lltirlg field 
rlistril~iltiorl is shown in figure 1. 

In the Ibrevioua &ii-ussio:l, loilgit,li~liiial t~:ilit,timcv nriiic.ll ii 
tllle to ellerrjy ~p~%d ca~lS!?d 1,~ tittl? ttcJ~~:IldPllt RF f0KW Wilh 
110; niii~iuize~l. By usin, cr R bc~c~ond cavity, it is possihlc to rt~tiu~~i~ 
er~rrgy 5pwad Trllilr prtw-rvirig rixittanre. For almr~ht rrlativi5tic 
c~l?ctrOns, a ca:~it y of lcnp h I - ,\ I:! having a field tiistrihution 
E,(U, z) =- k,‘1 siil(i;z) siLt.isliCs l~,ott~ criteria [1(11. It, is then possi- 
I)IP tr, atruost carie.et thr energ>- hprrad 1)~ adjllst illg the niaxilnnni 
field E: and/or t ht. pl’asc hhifi, bet wwn t,hcx two <.;iirities dai2. If 
iI:: ?r Ad,/‘2. t,tlrtl t11r firId stmgt11 ,l,~ws,saly to r;incd (Ii<* 

t-ner~;y spread All7 is: 

If for other rcitm*is; El is hrt t.0 a $vvn value, t.hen: 

c 2L!irt. $12 - 2n G/j,,,,, arciin __.... .- ..-- 
EIXsimiQj ) 

!lO) 
j 2 

whrrr ~$8~~~ is thv awmge J)tms* of tllr J~al~tirlr5 al ihts uit of thr 
first cavity an,1 X is thr RF WZIT-elangth. 

Silnnlations. 

The two cavities st~~mm 011 fguw 2 ~vrrc’ designed wit11 SU- 
PERFTSII [21 1. nving dccr,uplrvl~ rv~11 ccl1 was c;tlculated sf.1, 
aratrly. Tlw field profile i,s uwd fvl, 1’.1RlblET,A simulationi is 
~~LC)WI~ ol* figurrl I. After a sli:Lht. Illodifjcati,>ll IIf tllc P~YR~IELA 
particle g:rlLrr;btic,l,. it was s;hs,v;ll thi~t ~vsullh c,?,t air:crl fm-r IOii 
J’“&lfS were r~~tial,le whcr1 C<,i!lJ”l”” 1 10 tt1<,5r- (.OI.I.f’hJl,lll(liIlg :< 
a In1lclI higher IlulnlXr. l’llrwforc~. all thl- aimnlatii~rls J)wseIltvi 
11mY~ ,C?W donr with 1 or) J’“rt iclt:s. A+ tli3, hunch is <iuitv lolif 
;31ul t!lt, c-urrmt 1101 too hirrll, thr, rwsli r. srr,irl inrt IIOI! is IIS~YI fol 
space charge CiilCU~atiOIlS ill OrdCr 10 SilY? rclIl1Jlut~~~r tirl?. ‘ItIt 

r,l?cct of inlagv vh;irgf~s in ttlv rhthotli* pt;rrl~ is r.~)i inrtl~ticrt in 
thcsc siinulatioris. A few pararnrt far5 aw not varied and their 
v~luc aw conlpitrti in t i~lilr I, l4rc1r<,1is al‘? iESsllIIlCd t.0 1riivt. 
the rz:t.hdr wit,h I~O enmgy and lie rLrr!it tanw. The lasw pls~~ is 
takr~u mifo:Irt ill tioth translc~rsf~ iin, -I Io:Igit1l~till:ll tlirrctir,riO. 

It+‘m givcll wcelerat.in# field md chrlrge in tllr hunch the up 
rinli7ation procc thaw i5 35 fi,ll<,~,s. ‘The> RF ;,haw for lasm pulw 
is varirvl to fitill the ~matlrst einil:arlcr~ aI the first cell rxit. This 
plmse is then frvzfw and tllr phaw shift hrt \vpcn the two cavities 
is vaiird to minililize ihc energy spwatl at tiw gun exit.. 

Figuws 3 and 4 show tll+ c>lliittimv at. the exit of ttic first. 
cavity. as a fiirction of I$” for clifferrnt fic-ld tevcls, wit11 anti 
v:ilhout spim~ chai.gr forms rrsprctivc$p. &, is thr nnitting R.I’ 
J&X of t11c “IYf(w11cr J”lrtictr” which ii t:Lkcn at thr ccrntrr of 
the hllrrch. Thaw pictures show tlla! un I < I’k- for short, tIl1Ilclles 

/22]. the 1ninin1711u of enljttance is ohtainrd for low do due t,cl :I 
stro~ig hunrhitlg, of the part,iclrs as s11r~wn on fig11rP 5. 

Figure: 6 showh the de~)endrnw of rmii tance on peak acwlri 
sting gradient while figure 7 shows that the Illirlimrlm rmittancr 
is quasi-linear with thP !>rlnch chargr. 

IG‘ctr a maxirrlur~~ cteciric firltt of 70 >l\‘!rn iii both cavitici;, 
iieurc 8 shows t!lr varintiou of both Prrlittancr and energy spread 
i3s a furlction of the nhast shift t~clween the two cavities. 
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A complete set, of paralnet,ers for a typical run is given in ta- 
hle 2. Figure 1 shows the launch evolution in this case as obtained 
from PRIAM. Both programs give consistent results. 

In all these simulations, the emittance is taken as the 1101’. 
realized r.m.s. emittance defined rts EN = 4[< x2 >< (pz,‘m.~)2 > 
- i z(p,/mc) >2]1’2 where s is the cooldinate of a particle in 
t11r beam, p, is the particle’s Inommtum ion~J~onent in the J 
rlirrct,icm and .:- Z, indicates averaeine: i~vr’r thq- PntiT? l)r:1111. 

Started ilk R~i)rt~a~~y I !1!JO, tll(, si:llul;~tioll+ :vji 11 PARhl b:T,.A 
ii11(1 PIIMM will be ci)lltiliu<.,l. Diffcwl:t paral~~~‘tr~l~s Will Iv. 
scanned (sllodrr bmrh lcngt.h, ruap~etic field,...). Simlllationi 
,!1 the CXXt Of 3. thcrlXlll:,lllC c,!i t,WtC iii‘? atE0 111 JIi’O&WaS. 

III urd~t. to check RF J~roperties of t,hc cavities ;t~~d deter- 

nliirc the two cllrlpling lidri, thcil, iliilurwi~r oil filxtd iynlil~c~tl-~ 
and to check that cavities arr &ectivcsly decoupled, a Io~v-~~vPI 
~i:od,-l ravily was la~~~~cliril. h,lc~as~i~.~~~~lcnts v;ili l;r, rlt>rlv ililrilli’ 
l,hP Sl,ll,Illrr 1900. 
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