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Abstract 

Fnr an mwgy-e+licirnt acwlerator system to be used for 
a. free-electroll laser, t IIC stability of an rnuyyrrrowry system 
rlt ilizing a ))Grlgr rncll)lvr ~)lacrtl Ix~twwn t hr accelwatr~r al:<1 
t Ile tlrcrlrrator is stllcliwl n~~~twrically. I’llcrgy is rrcoverul 1)) 
rvcirculat ing tllr accelrriitctl rlcct ran lwiuu t~lhrorlgl~ thr tlrccl- 
water; the I.m-ovrwd energ>- is 1 li(w I ranspded t.hrollgll the 
britlgt. crn,plrr to tlw accrlFTator. ‘l’hr calcrdatiuu sl~ows that a 
lar.gv t 1~al~hicllt volt i~gta oscillatimi is i~~tlrlcetl in tllr systtml. 7’llis 
t ralrsit,nl oscillatinn can he retlncrd significantly by slowly ap 
I)lyinc: I)oi 11 the clwtrm-t,eanl CIITVII~ alltl the klystron pmv:cr at 
tile Iwgiilliillg. ‘I’wo lypcs of iIIstal)ilitim art‘ plwlictetl accortl- 
ing ttr the scraping of tlic ~lertron bc-alil Iwtnwn the arwlcratfu 
and 1 Il? tlrcflc*rat<,r. ~Vhrn 1 he t’l,rrgy spwt r1111, of t IIC r~Lcctlo!l 

)wam is srrapd al the hi& entl, the systeln intllm9 al) oscilla- 
t iou. Ilowrvw. WIICIL the low-awrgy mrl is scraped. the ~~lectrou 
1~t~circ!llatir,r1 ulay sto]) ~ulless the klysi KW pov.~~r is lmostecl I)? 
a I’twllx\ck sysim,. 

Iutroductioli 

To inn-raw tllc, energy cffiriellcy ill the free-elertroll la.Srr 
svsttvtl. a tlewlrrat~,r is atldetl to collect tlte r*lt*rgy of thr elec- 
t&,ii lea111 alrtl to wcirrlil;ltr ii lo an acct+rator. ‘L’llr s,vslel~I 
consists of I~ridy-c0~~~~l~r. cavitir5, accrlwator cavitim. all lulclll- 

later, a~ltl riezelerilt~,r cayitim. ‘1’11~ ),ritlgr cmlph‘l. fwds t33tq.v 
11.0111 tlw klystrmk illto thr acwlc~ratrw mttl co~rples tile euerg.~ 
hw frolll i llc’ tltwlrr~ll~1,’ 10 t Iw accrl~wtr~r. ‘I’hr arrrlrvxtor is 
fc~llonwl I)y a drift qmce alltl ai) ullrllllntrw. ‘l’llv clavtroll Jwillll 
illtcrad$ wii II lhr 111i(l111alor li(,lcl iltl~l lasrr. tratlsferrillg r1ll’rg.v 
to tllr law1.. Tn silljt>lif~ tllr arglItn~Y11, \vC‘ ifiIu)rc. tllr tYlCl&v I(ISS 
(if t Ilr dcctroll Iwiml i1; t Ilt* Illldillatcw. Aftrr the Rlert~roll l~t~i1111 
~)ahw’:, a 180” Ijt:lltl. it is p,l~i(lul to t I,(. clycelt,rator. ‘I’llc tlcYX~l- 
rrat or takes t Ile al~rgy froltL t 11~ t,lld roll ])cwn nlttl wcircrdate 
it lo thr arcc~lrratnr tI1rnl1gll tlw I,ritlg~~ coril)lu. 

!I-(, silrlltlatc tilt- hystt’lll iituiivrira IIF I0 ~x])kw tlir slaliilii,v 
;,f lllr, rf vc~ltagc~ iI) 1aac11 cavity atttl IO cy~l0w tllr stw.llilitF of 
1~11 II t 11e clm.1 ro1i-Oeiu11 cnrwrit alld t Ilr t~lrwgy. IZ’r also c~val- 
II;,~P ill<, syhtylii st;il)ility wht~tl tile c.111~rt.1115 arc’ er,ral)c-tl: t IIt‘ 
IK~alll-t rall~[““‘l systcn1 losrs c~llm~1l1, alltl t Iir scraper bet wtml 
tllr accrl~r;~l,,r. iuld the ruldlllator rcdllcrs thr r~circ1llaicvi c111’- 

r(.llts. ‘4.5 t 11~ clr~t rt)*ls arv ac.cvlcrat vtl. i 11t. wrr.gy qwct t’lllii 
of t 11~ elt-ct IWIS cllangc~ its peak cr~cqy rcllil? nlalntainillg t 11~ 
Sillllf‘ S[)1’< t I~?11 hllapt~. ‘1’1 2~ atlltrlkllt of I~al11 srrillhlg is tlrt.rl~- 

111iilf~l t,y tlic frarfioll (11’ tile sl~tTtrrlr,l rllt nltt wllilc Inssing 
t I~tor~gl~ it fixul cnrrg,,v windmv. ‘l’llr tl<d ailrd analytic descrip 
t ioll c>t t llis w,>rk is Ijrrsc*lltrd ill a umlpallion patwr.l 

System Represerdat ion wit.11 
Parallel Resonallt Circuits 

‘1’11~ ‘iinllllatc(l syht cl11 cnnsixtc of f’lulicllt 5 fru all RwClwa- 
tor, ii d<~c.t~I<~rator. a,;<1 il 111 iclge cotil~l~~r. 1’<w the vlcct ml1 Iwalt~ 
tllill ,vlsscs t llrrw~ll i II? spstrll~. t I,e t.lt.(-t I~Oll-Jwillll ~~llr,‘gy atIc 
(‘111 rrllt iin t illIt> rlqwt~<l~~tlt: ‘I’hr <,l<Ti roll-l,(.illll r’,lrrF;? ill t IIt. 
accc-ic,rntr)r (lt.tw~i~~l:, OII t IIV ])lii~~t- i,il(l atlij~liill(l[~ of tile rf. ;III~I 
ll1r. ~~lf~(~l1.~111 I)<‘;1111 1.111~1.t~11t at 1111~ ~l<YY~lr~r;~l~~r d”p~YIds (‘,I t 111’1 
iilllolillt of r~~rrc’~ll sc.rnl)illg. wlli(.lI. itI t 111.11. tl(,lwl~(ls nn t Ilr 
?I<.(.1 rr,ll-Jw’irlll ,‘,rcrg,v at tilt. aux+~l~at 111’. 

\\-it11 a11 ;r~~alrqy tq, rlt~ctric al c-ir,r.liils, we f~~rtnlllatr~ tllr 
svst(,ril will1 cf1111~1~~(1 ~r~ii~t;tll~c~-iticlll~.i;~licr-c-;ll~;l~it:rllcc~ (it I,(‘) 
clrcllit s. 111 011r sy<l ~‘III. 1 llr ;~vcw~~:c- mll.rr’nt r>f the c-Id 1’011 lwiat~l 
ii~lfl 111,. qli1vid~~i~t kIy.5tu,l1 c11r1.t.111 (ll.ivc- ill<, voltage for <‘a< Ii 
c~lr~1u~~111, IlsiIbF: l\l~ ;~n;~lcqg 01 l~i~rallr,l ltl,(’ cit.cliithy iw call iC,t 
111’ circllit qll;ctinlls I’m tllc. llt.anl cti~.rw~ts illf(l 1’~1r tlw ilidllw<l 
v,,lI i3qr.i. ‘I II<. i\w~l~.ri~lor ~a\ it im. c~rllsislitlp, of l;illks uf I3 cI.lls 
ilII<l I.5 1Y~ll5. SIX tIY‘;,t<Yl i18 <I,,t’T~t.hllllillll I( I,~‘t~lt~ill<~llf. /IlSCl. t1w 
rlew~lr~r.;lt~,r is i.r.t~r’.s’.nt~~~l wil II OI~C- I{ I.(’ (~l<~tllcllt. ‘1’11~3 l~rirlg~~ 
OPII~BIC~~ II:\. r;lviti(.b. itllrl it is rt.tji.t’i~~lli<~l Ily Il11f~~c~~rll)l~~l l1l.C’ 
C.IC.IIII,LI~~ IKT~LIISV t ILC vtllt a,qc3 ilr tIlta m~i~~c-clitlg cavilics c’w,I l~~.lt) 
cl;~~~ii~v 1 II<’ c>xcit(.(l 1!10(l~.s. 

“XV, II k ,>+,I irw ~n,~l ~lnclt,~- I110 ntL-pic-r,- II I,,,<. I..,. lh.,‘“‘111,1 11, <d r<nc-r~i RI,Cl 
w,,‘p>,t’.‘, ,>\ 11,. l.i; .\,,,, v ‘;,, n,..gi. Ikt-llzr~ (‘rl,lllllilllll 

The Equations Describing the Accelerator, 
the Decelerator, and the Bridge Coupler 

‘I’lie systrm is tlc3crih~l I)y liw itlflllrtiwl,v ctrlll>lm1 1(1X’ 
c-ircuits. ‘I’lir coIll)li~~g c~tl~stallls !i,, aw ~.c.l~~lc.~I to lillltllal ilitlllr~- 

tance Al,, I~dwtw~ the itli ali~l jlli ~I~IIICII~ givt-11 its k, t:ld, L,,. 

‘l’lir shlrnt rrsistanw It,. cavity c)., , alrd the cavity ralmcitallrr~ 
C3 fovnl an I<IK circttil for R ,jlll f~lullc~~t. ‘1’11~ rc~latil~lls IH- 
tweet t IICI~I fw au isc~lalcd ~~;~dlel circllil arc 

Rd 

l?,C, c2., 
LL’ 

i,,,c;- : c; (‘1 

Tile cllai73cttGst ic frrqItycy yl,) for- 1 II? ,;I II t’lr111~~111 llrllsi also 
sat isfv tllr f<lllowillg co11~111 MM~: Ai t11c. klvd I’OI, I’~~r~t~wncy w,, 
which is ~11131 to IJIMJ hlllz, all lhc rlt2ut*llls of the culItaI~.~I 
circuits lullst rmonate wllr~11 ilw int raclrnwnt c-ouplillg rc~tlllccs 
tn zero. ‘I’llis condilimi is forllllllatrtl as tile diiq>llnl r-l<-trlruts 
of the eigtmiimtrix fur H 8tidiuuitr.y syatrlii cqiial tu mit.v: 

ZyJf I 

(!/I ’ v2i.f; 1 

( !/? 4 !/:I !. ., ‘f” 1 

I !/.3 !/.I i.rf 1 

Lh,.1j,; I (2, 

‘1%~. xl ati0liar.y syht(.lll asslIIl,e 110 fIri\ illg l(~rlns nllrl a5811111m 
nulltlissilwt iw cslvitics. Lu I*:(]. (2), y,: is tl<,liilr<l as I,!?( I-k;). 
ai14 f, is (lrlinrrl as wJ /tin. 1%~ solviuq I..(]. (‘2)? t tic cl~nraclrristic 
I’rquenc-ies wJ arr cxpwss~‘(l as f1111cl iolls <)I ccbItpli,~t: cr)llstant s 
k,. 

‘T’lltx tlrivitlc tr~rtl~l; of t IIC COII~IWI (.inllits RW t 1~ klysi ro11- 
frcYpl”IK~y colIlpoIIIwl of I~w ~l~~rtI~~l1,-1,~~;11II ~‘lll’r~llt at flw ac- 
crlcrat or. t 11~9 nmc-llt wl1tiv:;rlc,lht II~ klhst LOU ~~~mw~ at~tl t IIP 
kl~stro,l-frrctl~~,ll~~ COIII~CIIICIII of tlw c.lc’(~t~~r~~t-l~r;t~~l c11rr~tlt at 
1 Iic d~wlt~rillor. I~.~IIsc~ I IWY is a tinrv ~lt,lity Iwt ~CT’~I t IIV 
t.xil r,f t lie ;Icc.yl~~r;rt,u iill~l 111~. C,II~ 13llw 01’ t Iic, rl~m~l~~~;d~11~. iIl~- 
t~lwl roi1-lwai11 l)llitsv varies a1 t IIV cvtl rillln nI t II<. (Ic.I.cI~~ atc)r. 
1’1~~ l~l~nsr variatir~~l. wit11 ws~~~-ct to tilt- rt,li,wl1( (’ klystroll, <II.- 
pe~~tls cm the rleclro~~-l~~~~ t‘~~txrgy at 1 Iic. t-xit of 1 Ile acct~hi~tor. 
‘I’lte ~)l~ase sliplmp,r ~)f ~4cctmlls III t/w wwlwatur or irl the (Ip- 
ccl~mtor is urgld ul. 

The oscillating 1.f voltages in eac.11 c.lrlrlrtlt ~‘2111 lye rq,rts- 
s.wtecl as a superposition of five dominant Inodes. ‘I’lwse n1c~Ic.s 
am ol)t ainrtl hy solving dgclicqllations in a stat inllary rollfii?\- 
uratinn: setting t lie 0 of t Ilr cavities ert11al 10 ?o a.nd ignor- 
ilq the driving 1cr11ts. ‘1’11~ vdtagc- profilr at mcl~ clt~lilcllt 1;)~ 

each stationary nmdc ip SIIOR.II in Fig. I. VIC I~IC& nit11 
thr Ilight frcrt1lrnc-y is sl10wt1 al llw t[np ~vV;tll llir~ tl4,ttml 0-L 

1305 14 MHz 
e c 0 

1300.92 MHZ 0 

ACWI Cl, [‘I Rridgr ClIpi Dm-. 

Fig I Voltage mode patterns at mc.11 ~lmnrnt. 
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rr4krrl1cr lillr; f It*% 1110rle with I~nves! frrq~~c~~c~y is sl10wi~ at. tllr 
Idtolll. Tlrr thin1 linr fro111 tllr top is Ihe n/2 n~otle with 
which tlL<- acc~It~atr)r or rlecrlcrat~ms are tlrsignrrl to operate 
at tllr 1300-ILItlz frwpe11cy. ‘rhis lllotle ha.7 Ilotl<~s at the cm- 
plillg culls ii\ the I,r,ittgc co~~plrr. I1si11g I hc lmran~c~trrs drscrilnl 
later. the t’requenry of eac11 ninde calculated fr0111 t.hr tigenanal- 
ysis arc 129.1.86 Mllz, 1299.OR MHz, 1300 lb1112, l3~0.9lci ILllIz, 
a11tl 1:305.14 MHZ. 

The Equations Describing a Transient State 

TLC, rt~i burn c~l~ct rem IXTI.I~~ acts as a I ilrle-tlt~la~etl fmdlmck 
to ill<> syhtf.lti. ‘I’hr sysienl I,rllnvir,l~ for hllch a ccbirligImiil~ll is 
IICJ~ w~II kliuwll. ‘1;~ U~SW~I IIv- (lllestinns of WIICII 1 hr- slotirln- 
ary 5Ialr is estahlislic~l~ how stal3ilil,y tit-pctlds on t,llra mrrgy- 
srr.alGl~g wiII<Icni’. nr I10w sInt>iliIy (i~~p*31(1~ 01) ~~lt~cIrc~n-Ilrai11 
cllrrrnt,e lve ol)taill t.lir qlmtimls R)r lh(* lrallsicltl slate of Ille 
S~S~CYII. wllicll I3cgills wl~ei~ 111~ clccI~~u*~ leant cntt~rs Il~ta rxcitetl .- 
nccr~lr~al~ br‘ cal~itirs. 

13~ srtl,tracting tl,r rtlllaliculs for t.11~ statimtary syst~‘tn 
frnni I Ilr eqI1aIimls Illat tlesc-riljr i IR- g~t~9al sysI.rn, tlle eqlm- 
Iicms liar Iraiisirril stat** can IN oljl ailirtl. I)cfiliillg tij,, as the 

cc.~~~l)lex lransi~~i~! voltage liicJ”’ multiplied by JT,! I lie tran- 
sit-llt state qtialioiih are 

acrrptalice window whe11 I,lltx scraping occurs at tile low-~rlergy 
er1tl of the? lwalll. 

Whrli 1 IIP hiF;lI-enmP;v cn(l of tile l)calll is srraprtl, tllfa rim-- ._. 
t~ron lnnlsrs arriving latrr al Ihe accclrraInr arr IrsR arrelrmt&. 
More drcf l’~l11s 11,a.v ,mss lllc c~l~crgy acccl~la~~ce will&m, aiicl 
the sysIe~u regaim the energy by &c&rating inore &cIruns. 

As a reslllt , thr transient. state ran oscillni c wit ImuI rcacllillg a 
shit iona.ry state. 

‘YIN* t‘ncrgy tlisl ril)llt iofl of 1 IIC rlc~-I rot1 Imi~n as sllnwn ill 
Fig. 2 is used IO calcul;~I.e I IKZ pm+ of CIII.IY~II scral~~l in t.lre 

1m.o 

-20.0 4 I 
16.0 11.0 18.0 19.0 al.0 21.0 22.0 

Energy (McV) 

Fig. 2. The electron energy distribution. 

t61 i J"kly1(~)(~)tit2 = j7f+f,, - I,o)eJwl 

v~,y,(wJ)(~)~, t ~[t:(~)+~2,]~~ +[(~,+~2)(~)‘-1-tj~?]lb~-ik*~~(~)(~)lh,=o 

k2yz(~)(~)& t A [fi(z) +2.,]&3 -i- [(Y+w)(~)‘- 1 -t jr’~l~,+kry,(J)(~)li.r = +j&(b[)h$fa 

k,yj(~)(~)~3+~[1:(~)+23]~, +[(,+,)(:‘)‘-~+jp,]~~t~~y,(~)(~)~~=~ 

c3) 

whcare P,, is &fined as l/C?, , (11~ ~- I~o)cj*~ is the ramlml 
clm-troil-l~-i~~~i c.rirreilt t 11aI rllters tllc acrrlerator will1 allll)li- 
i rltlr I l,f. antI (AT) sin rl,,* iq tile ecIrlivalF111 c1II.rent of the klgst.rrm 
power rlitcriug the hritlgr c011l)I~r. ‘I’lie klyst ran p~bwer rainping 
is illcllldml ill 3.1. ‘I’1 1r trll~GrlbI vnltagc allrl l)llasc~ at the &VY- t .’ 
c~r~;tlor arc drivcali l,y a tlifTrwnce IKI w~01 ret Ilrll-Clt’rt roll c.rlrte~~I 
a114 t Iw rrfurllce stnti~nary cr1rrr711. ‘1‘11~ rt~furtlrr phase QsX 
a11tl a111plii11& 13,X, of the sl al ioitary cti~.~.znl ass~lmrs 110 scrap- 

ing;. Also. Ilte trarrsirllt voltagr antI plmsr at the decelerator arc 
drlvrlt ljv a tic-Gvat i\,ts oft 11~ arrival l)hase of lli~ rc.t urt1 rlrct rolls. 
‘I’cJ inrlllrle tile Iinle rltslay of 111~ I.~~~III.II-c’~cc~~~JI~ Iwa111, 1 his de- 
crlrmtnr tlrivinrr Ierun is rv;tluaIrd at a I inic whu~ the electron // 
ImIlll IrY3vrs tllV accrlrrator. 

111 ~f~it~~~~al. Illr trarlsiml slate tlrfiltrtl as N v~t.or of co1111~1t~x 
-I 

voll it#c’s c1r rRcI1 &VllCV,l C-it,, IIC’ cx[~,'csx~'~ I ah it sul>~.rtmsitioll of 
1111, livt, 51 ill imlar~ rip~~~v~~ctors. I%ccalibr 1 IF sysIt711 resot~i~lt~ 
at t hr x/2 111ocl~ Iwl’c>rc t lie c~l<~I u~-l~ralii Irm~ling, I.hr tllixI.rlrt, 
uf the 0tl~9 foi1r ~i~o~lf~s occclrrill,q iti tlte trnnsirrlt slat,r call t,r 
ill1uprr.t (~1 its a result of the illtcmctiotl I~ctwt~~i thr elecI.rol~ 
Iwalrt allcl tile cavity systelu. 

Beam Loading and Init ial Transient RF Voltages. 

t3rforr t hr elrri ran bram Inarls illt 0 1 he arrt~lrrat nr. nnly 
Il~r- kI,vsl ro*1 pwcr &ivrs I Ilr s,vstc~~~t. ‘I‘lie systt91 is ill a sta- 
tir)ilary slats. \Vl~~an all t+ct,rolr I)tal~~ gains cliergy in I Ile ac- 
cclcrator. cirvitv, t Ike slat ionary st aIe is nlodilied IXTR~I~C of 1 he 
l~,arn Im(ling.‘Tltt- tlilfrru1c.c~ l,rtwt,ru tltt- staliollary sIat.rs, mlr 
I~canl loatlctl ant1 Ihc olllt~ no1 lm~rli loaded, is th?‘iuit.ial 1 I‘~III- 
sirllt vnltagr. If the magllil II& of tllr transit-nt voli.age is larg<zr 
that~ Ill? rllergy accc~l)lal~ce wiiidow of lhr scraper, a. lmrt r,f 
t Ire clc~.l rot1 I~aitl is scr-ap~l alltl f~wt~r &c.t rons t.llt~r 1 IF tlr- 
rc~lrra~or. ‘1’11~ rt‘c.overc<l rltrrgy at 1 hr clccrlr~rator cI~crcascs, 
au(l IlIt. c~~rr’gy recircrllatt~rl to t.lrr accrlcrator tlecrcas~3. If tile 
Pcral>ing 0cc1in~~I at IIF I~nv-~iwng wd rd tlr~ elrc~tron l~tn~. 
1 llr R~~IcI.R~~~~I mcrg,v of tile followi~~g ~lr*ctroll IHXLIII is umrc 
relit of 111~ rrirrgy anqt ancc wintlow and frwrr rlectml1s pass 
tllc wilttlow. ‘I’llr st~mrl riwr~y iii the sysIru~ is rcdl~etl, autl 
IIOU~ uf I he ckt rons arriving lat,rr at t hc accrl;ura.t.or pass tile 

nltn1crica.l sinn&tinn. ‘l’llc rnrrgy of I IF ),c.ak of rlistril>\ltiol> is 
set. eq’lal to II,? fmcTgy 01 llw a.rccllTz*led dc~trol1 ha111. 

Accelerator and Electron-Beam Parameters’ 

IVe i3.ss~1~~w 15 qttivalr~lll wlls fnr tlir ac-c~~lwatcbr 01’ for tllr 
dm75lrrator to siinplify tile utII11crical ralrltlatiotl. Dcsiqlatillq 
(A) for acc,rlmator strllcttirt-. (I)) for tlc~elrrator stn~rt~lre, alltl 
(I3 l for I)ritlge coriplcr, Ille parainet~~s for tlir~ rtl1iivalerlt lmrallrl 
crr.c.uil are 

Sllrmt iinpecletlcr: 

Qtlality Factor: 

I,cligth of C’aviiy: 

C’oriplillg Constants: 

Capacit itnce 

and hductance: 

HA = I?n : 86.4 (AIf2), 

Rn =- 5.76(,lfn), 

(),I ~- (2LJ 1x * 101, 
(i)B :-- 2 4: 10" 

I,4 ~ IL, z 11.5"qm) v 15 172.91 (cm). 

ID = 11.52F(C?,7), 

k, ~= 2 * ior". I;, -. 1.1 ji lo-". 

kJ = 1.1 x IV', k4 = 2 x lo--3, 

fa Cp := ;yfi r 2.55 x lo-‘“(Iq. 

La = LP = &5.878 x 10-7(H), 

C’B = “+H = i25 x lly’4(F), 

LB = ;& = 3.52'7 x lW’(1-1). 0 
wlwre 2 = 1.3GM2 

?‘Ile ?I~Y-~ rm-1x3311~ rrlrwllt rm~po~~~i~i for the rf frrqlvwcy 
is approxiltlait-ly t~tual IO 111~ ~lt*c.t1.1~11-l)~ii1l1 cilrrrtlt avt~ragetl 
over a llmroprlls~. M ‘e aSSlIme Ill? averagr hall1 cnrr~llt. of 
115.G n1.4 or 46.2 mA. 

An Instability of Scraping Beam at Low Energy 
and an Instability of Scraping at High Energy 

J%:e gratllially ramp 1 he average elrcl ran-heam current to 
the tnaxin~unl Il.5 IUA during t lie tirst, 4 ps. ‘1‘1~~ slow rampitlg 
of the clectro~~ Iwain rrctuces t Ilr lrailsit~it oscillation of 11~~ Volta 
ages. 7’1~ electron-l,eanl window is assru~wtl to Ix 21 & 1.68 MV. 
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This is a*~ 8% e~lergy wiudow. As seeu ill Fig. 3, the electrolt 
heam scraped as much as 239% at 4 ps inmlediat~elg loses its 
currrnt when 1 lie low-entxrgy rntl of t Ilr beans starts scmpitlg 
at 12 ps; no elrct,ron currrllt is arriviltg at the decelerator at. 
15 ps. ‘Ilie beam-loaded voltage at the accelerator is sllown ill 
Fig. 4. For thr first 15 p, it droops a few megavolts and droops 
down to &out 17 MV after 25 ,m. flowever, with he bealn 
crux-rnt at 46.2 IIIA, t11e drooping is 111uc1~ slower and the beans 
still recirculates at 3tl ,ts. 

Fig. 3. Drooping of recirculat.rd current. 

Fig. 4. Drooping of acccleraior volt.age 

‘Yo co~~~~it~~~saie for f Ike rnrrgy drooping or the s.vst011 
because of t.lre beam scraping, we ralnp t hr klgstron IIOU’~Y 
linearly by 4% at Ille first 4 ps. The systrnl oc(.ollIPs sta- 
ble, aud tllr irlilial t,ransietlt oscillation tla~nps, as sllc~wth ilr 

Fig. 5, for the arcclmat or-volt age an~plit~t~le. Tlowrvc~, l11e sys- 
trm sta1Glit.y is violatzcl homily wiill a s11lal1 cllange of kl.vst ran 
,l”Wt?C. ,I llm~sh~lcl where t.lle illstability btuts (rccircllliLit.d 
t~lectron c11rrt.llt tlim) is searcIted by raisilqq t.lle low end of tlle 
rnrrgy window. ‘1’11e tl~rrsl~old, in tertns oi a ratio of elrctrotl- 
Iwatn curr-wtt sua~d to il~e total I)f-alll cllrrrllt, was almcct 2!rJ%. 
flowever, fork a srt III> wit 11 a total I~am current of 46.2 mA, the 
tl~resl~oltl is hiql~cr; it is almIlt 5tl?G. 

lmwrring 111~ rucrg.v willtlow so tllat tllr Iligh rlltl of 111~ 
enugy (list I,iljrtl irnt is srra]~rtl, llle syst t-n, rxibit s a puiotlic 
osrillatimi; tllr recirculated ~~lc~ct~.o~~-l~ca~~~ rllrrrllt is partially 
scr:q~~l mltl restnrcs prrioclicall~ (Fig. (j). ‘I’llr voltage anlt>li- 
tll(les at i II? arcc~lcmt0t. an(l dt~-tl~~~tr~r are sl~own in b’igs. ‘i 
alltl 8, rrspwl ivc-ly. At 1 Ilr j~eak of lllr acc&~lat ing voltage*, t IIC 
crurc-nt is at its Il;ininlum. Al 1 llr nlillinllknl of the acrelvrat it16 
voltagr, tltr cr~rrw~i is at t IW Ilbaxinlllln. ‘I’llt- t)l~asc cliffcrcmce 
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Fip~. ri. The accelerator voltage hecomes stable when klystroll 
p&x is t,oosted. 

l,rtwern the tlrcrlerntor voltage, as shown in Fig. 8. arttl lilt’ 
accelerator voltage is m; 1 his slrows that 1 Ile seco~lrl or follrt 11 
uode in Fig. 1 is excitrd. T11e oscillat.ioll I’r.q~~m~cy of the ac- 
celerator voltage is ahout O.!) h1112, as ohlaincd from Vig. 7. 
This is consistent wit 11 the frequt‘tq uf the seco~ltl or fuurth 
tilotlc old ainul front tllp rijirnalmlyhis. 

Fig. 6. The I~am scraping at the high-energy end induces 
oscillation in recirculated currenl. 
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Fig. 7. The accelrralor v&age oscillnlrs at 0.9 MHz from 
the 7r,‘2 mode. 

LIS 

Fig. A. Tile &=cdrr;ltor voltagts oscillates with a lmlf period 
tlis~hcrtl irom the accclemtor volt.agc,. 

‘I’llr tI,reslJrJll nf ill<lllc.ilrg 1 llis i~~sial~ilit); ill t+mlls rlf III< 
frartinl~ ofcIIrI.C.nt lost is allout i..5%. l~or tilt, s,vstc,!11 settIll will1 
tuta I,CYIlll c-rtlm~llt of .IG.:! 111!4, tltca tllreslloltl is almltd 5.0%‘. 

l%v vrtrj,illg the I)r;llll-tlr,iff tlist m~cf I)etwtml i Ilc ilccrlr~rator 
~11~1 111~ cl~c~~l~~ral~~r~, 1 IL? c,lt,~t~r,ll-;lri-ivaI ~)II:Is<* IO t II<, rlrc.<~lrr.alr~l 
call IIC cl~allgetl. IVltrli tllis is silrllllat~~tl, tile voltage I~thitvior at 
the acrrl~rator al~tl tlcmh-ator are i(lcntical, whet Ilcr t Ile I~aln 
is a.rrivillg cn.rlier or fait-r at tlie tlecelc~rat~br wil Ii I Ilr q.alne *nag- 
Ilitllcle of tihase-all& ofhct from t lie valley of the tlrccleratilig 
vokage. 
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