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BEHAVIOUR OF WARM ACCELERATING RF SRTRUCTURES UNDER HIGH GRADIENT 

C: BIENI’ENU 
LAL. IlnivrrsilP de Paris.Sud 

Al~stract, -This paper reports on first results of the going pro- 
gra~ii to study high gradient accelerator at LAL, which is a part 
of L,11, R&D program on acrrlrrator techll~~log~ The experi- 
Illcxflt a] se-11p is a realistic constant impdence I, hand travel- 
iI]g wave disk l<>a<ltd warltl ;~~eler~~t<~r fed by IOIIR RF ]~~~Iscs. 
f111 enrr~:p of !h hZV corresponding to an arcelt*rat ioIl gradient 
greater ttlan 110 &IV/III sits ;~~tu;tllp Irl~,;isllrrri.‘I’]lr dark (‘IIC- 
rcllt prc,tlucrti t,- field prni,sion Itas l)wn tneasurrd ill tc%rm of 
plwtric charge. Thea global field rld~ancel~rc~nt ?:’ has been calcu- 
l:it~.ri. ‘I’lie level of dose rate emitted ai‘ross thr staidr>s steel 
vessel has \IPPII rlet~rniinwl. 

INTRODL-C’TION 

Futur linear colliders require extrc~~wlp high accelerator field 

80 iXI\.‘,/nt fur C’LICI’I , 190 ~lV/‘m forSLC’~” For COI,VCII- 

tiolial accrlrrating structures recrnt works have shown that it is 

possible to reach surface fields of 300 bI\i’/m in S band,overstep- 

ping highly the tiillpat ric!3i predictions. Due t<-) the nCcr~m-epic 

electric field E’ ~~ !?F, ( J being the microscopic field enhance- 

ruerl: factf)r), elm-t rons are e1xiittrd.hy t.unnel effect,from crll in- 

ner walls.‘l’he Idtirnate field limit is hound to the dev?loperrlent 

of a plasma derived from thr srlblinmtiotl of rnicroprotusic,IiilsioIls 

under Joule aid Nottinghaln effect .Refore this limit elnitted 

elertrc,ns are captured by the acceleratins field and produce a 

dark currwt hr:nched on all thr crest5 of RF waw. 

WP rrport, here the first results of the hchaviollr of high accel- 

erating gratllrnt struc’tuwr c)I~c‘rating with 11>1lg III<‘ pulws. 

DESIGN (‘RITlXHIA 

Choice. -hIost of today RF accelerators work with a S band, 

2?r/:l,travelling waves structllres (TF%‘).‘rl~e same structure 

working in a standing mode (SW),for the sanw incident JtF 

[)o\\‘er. WOUI~] give a surface field trvo tirlles higher than with 

a 7 LV strllrt tire. Hut this fi?ltl valllc Will be reac]lv(i with thr 

rlra\rb;ick c)f a tirlle ilistributiolt of E and II fields (liffcrcnt of 

TN acc(alcrating mode anti consequently with a different tiis- 

t rii)rition of tli? c,ruit ted rlectroris. These considrrations and 

the, availability of 111gh p~bv,v~‘r long pulses RF wurw tlictatec] 

tllc. clloicr of an high constant i~nprdance TW structure.‘I’]lra 

;~~;ii!;illility r,f IOII~ 1~ J’ I>IIISCS( ,A.!) 1~‘;) at v;tri;tb]r rr,pet,itiorl 

rat{, give us tllr po>Ghility to ztrltly thl- proble~ris occllrririg 

l)f~f(lrr the hlil)liltia:ion of Illi~roi)rotll-;iolih and cI,nnPctr(j to 

t ht% a~f’rng~ va111e of tl(C J{f’ power. ]I( thih case,~~’ can writ+&: 

Ly,,t I<;;“, ,:-;-. \: II \\‘hrw I, and /; ) are two tliffertllt values of 

pulse Irn~h. J>or all anotl~rr frrque~~cy baled than 5 bmd WV 

(‘ill, rxt rapolat<* ilx Will” of I<;;i,,, front t hr r%xpc-rizll<‘nt al Ici~cl 

iri S ban(! if w<~ ~ibilli~c tl;at: 

0.5 1’111. .I. Lt. \l-ar,ql“ ;tncl 0 

C:ellj. -\Q’e USC the accelerating cells designed for LlL161. Their 

innu roundd shapes prevent the occurrrnce ~)f Illultipactor 

etfhrt ‘I’bry art‘ made of HI? 58 rtipprr anil nmchinecl wit Ii if 

dianloI1d tool givin r: a surfact, finish hrt t+r tllm Cl.1 /,m J{a.‘l‘hc~ 

t,uning of t hc rmonant vo1111ii~ is (1,1n1* by dinl;)lirlg t.iw WI1 ill 

four pdnts b%here the wall is ula8.h Illin. tjefore i~she~1~hlin1: b! 

rig dlKuslon 111 k’acuuln own at ?iO”C’.the c!*lls art- cl<~anc~d in 

a11 alkaline detergent (I’H -:X5), rinsed it, tlenlinerdized watrr 

itrld backed at 12O’C 

Section -It is a 0.5 111 (without roupleurs) srction,made of 15 

identical cells assembled between two magnrtic couplers. Thr 

leak tightness is provided by a stainlrss steel vessel. Punlping 

is done by a 2.50 l/s ionic pump giving a steady state vacuum 

of IO-” Torr. The on axis niaxima I fit-l<] strength is give,, hj 

the relationship : .@.,,.,. -- Ci.71v’z anti t lie average field by : 
- 

t;r,,, - 6.20~/P~, where P,, is the incident puwer in hI\V and 

E in h’I\,‘,‘m The follu\vilkg table gives the characteristics c)f tht- 

cell and strllcture. 

C:ells 

Iris diameter 2a 

Cavity diameter 21) 

Q 

r/Q 

“,y: ‘c 

Section L 

Resonance frrqllmcy 

Filling tixm 

Phaz shift 

AttenuatiuIl 

SU’R 

I * lllili 

SL?..<7ti 11mi 

14100 

-17Oll slI!Ill 

lib! III .I 

2998.500 Mhz 

0.2x p’s 

h/3 

0.19~ N]’ 

1.03 

Field on C’eIl Surfare Thr corllputcd surfacc field is report rd 

on fig.1 TOP nlaxinlull surfacr~ fiald h’: occurs at r I I .i 111111 

then: Ey=” “/E;;co ~ 1 .o 

1.5 

0.5 
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Sttuct urr (‘hecking -‘I‘l~ning \~:a:, ~lo11r l)k- !~ocial techxlique. 

A nlrt alic rlrwllr is p111leri along t ht. axis of t hc- wcti0lt.t hc- 

square of axial field (prop~~rtiollal to the rvflrrtetl firltl) is plot- 

ted as slio:vn iri fiqlutz 2 

b- , 
0.25 a5 

WJ 
mz 

rig.2 S(luar~ of rclatif axial field .-~- 

~:Sr’EHI1II’N’~Al, SET 1’1’ 

The sectiorl ii dricrn.at the present timr,with a 2.j RIW klystrorl 

providing 0.5 j’s to l..‘,(ls long pulws with a repetition rate of 

100 If71 or sul)ill:lltiples (If 100 11x. ‘I’lle puwrr injected in the 

section is r~lrasured wit11 calihratc-tl col~pl~~rs.The E2t: plnittrtl 

ham chargr is n~casurt~i with a Faraday cup folluwed by an 

integrator Ioc~atc~(l aI t lit, c*iltl of tlic> wet ion aftcsr a II.6 ,l,,,, 

t.hick alurzliriiurll wi~~~l~~w.‘I’hr c-rlvrgy rlic,asurulwrIt is made t)j 

a spectr~)Illc~tc~r :11~clcr 5-iic‘lllir~~ c o~l~brclc~i ;iT 111~~ accrlrriitirlg 

StriiCtllre. 7’llCa tllIir~ riisirit)lltir~ll oft jlP c lirr~~llt lh ;)r<,r-ideti 5vit,lj 

I)la.\tic hciritilliitorb t liroi~~li ttic light .igI,al :1 ti(J,:lOC] KV gu*l 

follorvPd II)- a :< h1r.V S\$’ t. ~1113cl1vr relay Iw ~~vvivhrtl 011 10 provide 

a I)I1IIchC(I elwtrom~ bviun. Ionization c~h;ti~il~crs parallel tu t hr 

Var’lIurrl r~tlarrlh*r allow t 11~ Iti(‘iLsi1r(‘llli’[It of ratliatioll pr~xlucr~ 

by brc~lll~st r;ililrlg irhlsn the- vlectrorls hit the cells wall. 

KESITLTS 

Hiah Power HI; ‘I’wt L The nlaxinntln kiystroll power 

(25 hlLv 1.5/t> ) wiltl it repetition rate id 100 11~ has l,eer~ 

injwtrd witllout lrrc~,lk~loK.rt ct~~rirlg !iInv iIlt<,rv;tl.i grF;itrl- tll;irl 

I II iI1 the strllc-fllw itftrr a cor.ditionillg tirl.ts ill’ ;il)i”‘““iill;rtc,l! 

of 200 II. f,‘clr I !I+<. I-,)Iitlltiorls tlic axial fi~~lrl i.cits:ht~h :$3 RI\:,‘111 

a1rd t Iw ~Ild~ll~~ flr’iti IiS hi\ ‘ill. ‘I‘llr prcssi01~ rist5 up tcl 2 

3 IO ’ Ton dllrill/z tlies tc5t. F;lr*ctr,lrlu hrattlb of 500 ~11.1 20 

[IS has lwt’11 i,(‘i‘<’ Il,l.;itr-l <it l’i 1\1f,\~ r<,lltiIlr~l~. .\flr,r ‘LO 11 (,f 

c)pc’rat iL)Ii tll<, ct,lli 112:~ I,~YII ir.sl)c~c-t~~d. :IO ~1~111lagt~ c)n 1 tic ,lisk> 

arc 1 isii,l~~. 

jh11” 1,ti.r; !UJj if 111, ~- 1.t f’ t’ IIIIP qi15t r11)11i ion. of stark <,11ryt1t is 

~llOM.~‘tl <I:1 tilrx j>ll~~ti~qr~ll,li :{ .t )rlr> will ~ii,( i(.rs ;I ci;.~.l.lilt~.Ii~l:~ 

I>\“‘r ;i ,‘llIlclt‘iIlt 111,1,. ,,,,0!1 ,AI f~lii~il tin t\\i~es tll(l fillbllr I!:~N. ,,f 

tllc bwtiol.. 

Photo 3 Time distribution of dark current 

Prak and Stt%atiy State Electric C!harge. The peak and steady 

state charge are plotted as a function of surface field on the fig- 

ure I. The pt-ak cl~arg:r~ wit!, plotted with a 0.5 ps ItF pulw: the 

steady state charge is given over a I,us time interval calculated 

from the difference betwen the 4 and 2~s RF pulses one.The 

corrrspondint: dark cllrrcrlt of tiles steady state is about 40pA 

for an accclerat.ing field of Xl hlV/n~ 
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,Fin 4 Peak and Steady Load 

a) Steady state pc/ps 

I>) Peak load in 0.5~~s head pulse 
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p Factor.- The study of the Fowler-Nordheim curve in 

AC condition allow the determination of /‘l from : 

d(log,,,lfjE,2.5) = -5.8 10’ @.5 

4ll-W P 

This gives for the section (fig.51 , with @.copprr = 4.65 eV and 

for steady state: @=140!5 

Dark Current Spectrum - The spectrum of dark current is re- 

ported in fig.6. It is a wide spectrum spreading from 2 to 18 

MeV.The picture 7 shows the time distribution of FE current 

for 18 MeV. 

AXIAL Field,,,=33 MV,f 

0.6 - 

0.6 - 

0.4 - 

0.2 - 

20 MeV 

Fig.6 Dark current spectrum 

Photo 7 Time distribution for 18 MeV 

Radiation Rate Dose. - For the radiation emitted around 

(the vacuum envelope we found a dose rate lower than 4 rad/H. 
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