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IiEIi PLASMA WAKEFIELD ACCELERATOR EXPERIMENTS 

I\. Etmttoto, I1 tiobayashi, K. Nakajinla, II. Nakanishi, Y. Nishitla”, 

A. Ogala, s. otl?weL. <I’. oogo?, Y. SurlslIglL and T. lllatlo 

iv~tfio,itrl LobrwdoFy for Nzyh Ent yl,y Phy.szcs, Tsdxbn, YO.5 .iCi~"WI 

*17t~ur~om~yc~ i:niu rsity, I~f.~~~r~m~~iyn. Et .JU~MIL 

[‘!I? I\[,.]< jpl,r,~~~;~ u ,rl\clirlil ai cr~lvriltmm vspcri11kr~ill5 u5c’ a kitin of -v’l’- 

f.~;,\ ‘;l)OR[t V ~~It~~~r~~ii ljwc-l~rs uitll total dbnrgr of 5 lOn(‘. A plnslnd Will1 

<]ib,,qily of 10” {(i’ ‘NISI-’ i5 yrodum rd tmy pUlW diachaigc5 lI?taCcTl c’irtllOd?S 

a,,d ;L f-tl,irhkt,t,r. ‘31~ ii* diaflii~lrr and Irll 1x1 li~N/il h vitll it niultidiplf~ Ci)ll- 

fijlf.ll)t 111 fjf,lcl. ] I,,, t Xlb<.‘.iltl<~l!t\ 1lItb\ tY1 111 L( I II? fii Id Of th? ~~1~3.*llI;L WrlVL’ CX- 

<iti ,I I,? l,~(,i vilillg t,ur~t-hvs ii< cr*lrr;~tr7 or d~~~~~~l~~rl~lf5 lxiriling tirllIch?S. Tlli’ 

,,.‘,<l,lrrlll ~r/llJi:/~m le ~!W.,~,, I),<. I> l,,, < I,,., rullo f,,.i,‘i“‘\‘j ;wl r1rc ~‘l.lwrn 

f,<lll,,‘,,l’, ,.il,,Q% ts.t,,vr< ,,,(., iiiifl IllOl.’ Llh:t~t I ?lLfs,V ill Ltbc <‘IIG rgj diitrilw 

tic,ll ,,I ~, trmlillj: I~I~IIc-]~. ‘l‘lbi5 ;in~iiu~tt ,,f +IJC rgy ihill. i5 linlclt 1itTgi.r ttldn 

prccli< 1~4 l,y 111~. litrc,,ir IhcOry 

1. Tilt rm1ilc.t itm 

1\ l,la,lll;t jr;tI\f-firltl ;1cccli~l-;rtcir( f’\\‘f:f\) I’: oII(’ of l)lilzlllR- 

lli,‘i~Cl a:‘, i4l~l ;Itr!ri ;,r<bil!i4llg ull~;t-l~i,~I~ :~c~ccli~Iatirl~ grailieIit5 

In I/,~’ l’\\.b,\. :+ lligll-irltcsn.it) I-~dati\-i5tii~ (lrivirlg Iwalt c5cilc.5 
;, lit1 i;v ,~1]~[,lit ,hfjt> 1 Il;~y~~~i~ w:ivt’ whi,.tl iii (tir L1 ar<.i’tc’ritIci it IiIW 

inlvclrit~ ttaklirlq l><,iill~’ 

()III i’slt~~~i~lli~j~(i iill ItIt> f’\\‘t‘,\ ivc’li’ c’ut1(c~i\.~‘c I Iq thv ,I.i’O f 

ii lii,:h illti~n\it\ msl,,i trot1 I (‘ill11 1111 ttlf* j iilGtr<rrk I~[wtlbdir~rl ill itlsl 

I\[, 1,. 1’1,’ 1111 (I’ ‘t’llgl til,a(. t I J ,,i.ltlih ,I> wit11 ii .d ~ju<‘rq’:’ 0 f 1tlt:lti 

pti’ l,ll11(.11~‘~ \VIIl~~h ‘4’ ~~~riiti\ ~i;tCc~fidci5 ill it I)l;i5lrl;i lo Itc.(.l~l”rilt? 

0, <l,i.id,‘l.ittI’ I ,:111111~ ll11!1i~lli~. (\~r;rl! 7iirLg Ihi* vut’rsg. :‘f r~ilclr 

t,,,,,,.t,, ,rc t.J11, ,r~l.cb,JC I tIr3 ,~r,crss ir~lli~ri~~ t,tTts~~3c31i th lj11d1(~5 
\vjtlis, 11 ;I ti%.( I),~;~~II. ~l‘l]i~ ttlr~c,I,l tdt> II5 tll;Lt I tlt’ I)lii>lllil \V>llit 

lit,ltl- i1~0 i,nllitwm i ;jt k~<.~t:ti~i ~,la~iliit flutu<~nciw vlii~,h ills’ I<‘yib 

na111 it.11 tl i tic, I’IG,(~II~ II<‘! I)!” ~t~n(~ill.2 0 f t II<’ IrII;l? t ~Ilil~~lll~h fiiY.;icl>l’ 

1 hc ~,li,,ll,;t rw~,,I”lw) i4 l,‘ti’iilllilivj 1,) tlit, plwwm ill?llGty, WC 

;,I) p~~,lw ,\I<, I~w,~;~IIc’~~ I)! ~~111111,:tlillg 1111, III;I-III~ (l~~tibily. 
.I h 

l’tb(a Ial(~liltliir;tlJ iciuli. LI RI-~’ ilvhcLiliivl in tjtcvi, ),I> ]mlwt5 

,?l,f,l,~ a,, “i,,““! Jiirt <>t” IhliS\‘ Il’iIC c;u121~1 ill a low ~lc~nsiig 

l'\;L,l,,n <,f tt,,s <>r,l{y i,l' t~l’-<~111 B I>)- a YI!)hli~\' ikc(I-<rll lI:'iilll 

-l‘l,,, pr~~~~t tlil,~i~~ r~l~t~t~ i, IIILI~C’ ~i~~~lit~j\iltJ(~ ~nc’rgy :fGft. ?*t)- 

I,L.~ISIIII~I~.~~! I’!llri’. itI i, ,li.ll.t‘l. p1;!>1,1;,. “1’ 11, lo’%~IlI-J, r~:Lllic~l 

I,] il hi~lwr “,l”,W! l),~RIll, ,J ‘00hI~,\’ \vittl a hip,hc~r ilvnhity In wi’- 

tl,,rr 2, 111,. f,slwt-iilr;Lnt al ‘(‘1 III) i? iiivril,< il. In .< <.tioll S, es*w‘r- 

illli’Iil;d r< \tIlt. illl( I t ticyir a~~itl! biz aw giv(,lt. Swti,lrl ,1 c~~ntains 

<livrl5~i~,ll. 

2. Espwimrntd Si’t,~~p 

‘1’1 1~’ e~slwiili~~v115 ld\c 1 9 txen lwrformrd at K Kl< using a high 

curr~~rlt ~ktr~,~~ IIII:IC~ for p’Gtl<ln production!A ,111~ Iwa~n puts<’ 

ixllrit td lq ;L : ri~,~lc gun is c(tn~~ireaw(l to I(5;h t.llitll 211s in ;i mt)- 

hzutuollic t>ouvher. I’hs ?85fiMTIz rf t,onchrr then separate the 

‘_)nh 1autw inlit a trmn of miirc than 6 t~unvhm wilh .3TOps spat- 

itig ‘I%~~~ ii,(’ t II<‘11 o(.,Y~l<T;~tf‘d 111’ 10 r~oCl\l~v. Hrlrlclws wilh 

t, ,lal i~lh;irg<~ <if 5 lon(-‘ air fO(~lihl’lf o,, a [hllla t’y a c~U”‘lrUpiitP 

t.rijdet at I hv ~~l~~ 1 iif the lilrac. Railiu~ im(l I~*ngllr c)f the maxi- 

~lii~tll I,iltrch AI<’ 1-l T)IIHII WILCI 3111in. Ii~5l~cctivrly. It was ft>urld 

that t II<% l”.w~di,,g l~iir~(~hok (‘i3uw tcl ;im-cltratc 1 h,: fidlorvilq> 

~~\PII in the idwi~ce of it Itl:~sl~la, esiiting wakdii+ib in lhr, lirlac 

,5trucl uw. ‘I‘hc (liffvrc~ncc~ of t hr Imrycentcr crlrrgy Iwtw~:c~rk l.h(a 

first and the, last liurkcllc9 illlhnl1lts to ITiSIeV wit liolll a p1aslll:l. 

‘1’11~ t~l:u~na is t~rodrlcc~l in it ~~hanllwr with Xl11 in tiizrluddcu 

;tnil 1111 irl li.IlgIh I>] pkll~a ~li5~.tlaIgv: l~<~iwwr, 1 IU111[‘4 <If I,aH,, 

(.;ljtl.>d<” ;111<1 I !I<, ~tl;rilllwr. ‘llhc I~alhc)~ll~> al‘? hwlw1 tq :L 1 II\? 

SOA rlirwt cnlrent source. ‘1‘11~ ilkhorgl~ l)dse has a \~oIt.agP of 

SO-lOO\‘, a currc~nt of 10.L’OA, a ilurat.ion of ‘Ltlls anti a rat,? of 

.511x quaI to the linx l~eatil rc~~~etit.ion ralr. ‘rhc rriulticfipolc 
fictd of the peri~rart~~it nkagnets. I k(G at the inncar surface of the 

M ;tt~~l-ccx,ltd cha~nl~rr, is aI~ldicd to c~~rtfinc ttlc plastt1a. Botlr 

Iwam witldowh of thr t~last~~a chalnlwr are ma& Iof 5Opm t.hich 

tit :tilium foils. Itlvirt ical foils iur uwd at the windows of the linac 

ilnci n~ci the ~pectroilld CL- itkitgilt’tb to wparat~c t hc, I-aruuni frolrl 

t 111. ptil>lllil ~~ha111lwr ‘1‘11~ lmw ~~~e,surv iif the chaullwr is ty]b- 

i(-all)- lPtr,lr 115 rlGllg a :X101/b trlr-t,(,lll,)lcc~lllar 1”1nl1’. ArgoIl 

gas iz f~tl t.hrc~ugh ii gas-11, w (~~)litr.(btlzr In Il~ainl.aill a I1Ptltrikl gas 

p,(‘s,,,“ <,f I x IO -atillr R,l R t’l:w~1 dtlk-it~ IIf 10”1~111-“. ‘I’ll(l 

1)l;r511r:1 cti~]l~ily I‘itr~ I,<’ 1~~,11~l,~ll1~Cl II01 11 I’> I t1v gi\., ,,11’Yhilri’ a1rtl 

r1,,, ‘112,~!l;ilg~~ ~‘Il,l~‘lil 

1‘11,~ IP~~I~III~~ (~Ic.~.~L~JIL il,blbit> IIIII I~,IIIJI~~I:I~III~‘ it~t’ in~w51iit~<l 

JJ :I I.~III:;::IIIIII I)I(~IH~. ‘t Iii, [)t;ihlllii ~l(aaitv ~HC IIIC~LSIIT~YI lo tif 

I ;1111;1llJ Ilillllogw< illih ~~I~~~IIJIII~ o\c*r ~&III. ‘l‘hi~rlgh wv tlilxc’ 

110 III~‘;~~~II~,III~,II~ of I hi. li)~igitil,li~ml (Ii-llil~utii,fl. 111(‘ ul~‘ibum- 

1r1i*i11 011 R 5iitlil;lr ~.~,llfint’lllvnt de‘7 iclv I+#\ ttlat it ih alii~ fairly 

J lir,lli,~‘.ll~.l,l,~i~ 

(‘~,]lljtill;iiib,rr ,)f it twti<tlrtg Ill;rsglt?l i~[ld a 5tlls;lk I-:+ifli’ril I’ll- 

;,t,tc> I,> I,, ,,,(‘&>,:l”~ It,:> ?,,i’,$) ~pKtIri,l, <If twh t~ullih. The 

q,l14Tt-gy ;],p,tllrtx <If tllc rtlafinvt is ~~rlly l.YhIcY, >o it is rltwwary 

(c, xjv(q) thr, ~~lli\ty7ilig fidd lo <il~liiin f tlr- s]w”tr:l iif ;\I1 I~llILc'!l~Li. 

HurIcllc~s aIIaty7ivl in the t, ,~‘IIC uIg II~a,~gn~t tra\d iii air owr a I’ 
lisrlg[t, (,f ;,l,c,rlt ..Y,III ICI ii iliirrlli, ~iviii~iing C’tli~ri~rlk~i\’ Ialliat.ic,rl. 

t’ig. 1. A typical streak pictuw. 
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The mirror wflvcts onI> the radiation, transmitting lhr electron 

team. The reflrctrd rattiation is finally focused un the slit uf 

the strvitk cnrttvr‘a. ,2 Dove !Jrism in frorlt of ih(~ slit rotates th,~ 

irtlagr so that, the rrwrgy riispcrsinn axis is perprnilicutar t.0 thC> 

time axis i~f thi, Cimll’r8 

A tyt5ic.d strv;tk !Gtrlrt~ ii ~I,IWII in t’ig. 1, It contains I hr<y(x 

di~~~t~rwictr~i~l inforrliation; the horizontal tliulcnsion givs th+ f’<rn- 

volutirbtl +)f t.hr cIIc,rgy sprcact ;in<t the: h~~ri7i~IIti31 td’i1rIl hi7P, t hP 

vcrlicd ~!iirr~ws~on show5 thr tilllc 3trw~t urv of lhv ~)uuvhw, a1141 

the piq.turc irttcwity indicate tll4, nu111lvr t~f c~t~~ctr~~n~. I)igitid- 

irig this htr~v\li IGvtrlr~~, I\‘(’ can i‘ill~~ll1ilt.l’ a 11,1’;111 ?(llil il \I arlrl;ir~t 

drvi;ltic8n of Lwqy of mch lilu1~11. Hccauu~ of 111(x high can+rgl 

of thp Fviirr~. r~fIccts (if nrrlltil,tc wattcrinsg on titaniunl will~liws 

art’ ncglipil~lr in tll<s t.ransvi~rw ~l>rca~l of tlrv dlmk picture 

3. Expc-rhtntal Rcsnlts 

!:irbt wv wIIIInaIi7e the prcG-~us rr5ritt*: \I I1ic.h will ;i‘grw 

with tttr tirivitr thv<,ly l’he t tlcol-y tdl5 ttl~tt ttlc rcw~nmit cxci- 

t;tic,rr of 111;isr11;r wakdidds ~Iriv(‘rI 11) it tl;iin (If I)llrlclls5 ii,:< ur3 

wlwrt tlic~ 1dn5111;i frcyuvncy coinci(tvb rvitll a ululiiplc ilf the fa 

rti~l fr~~~tut~u~~~ <pf the t~llrli~flcl. ,.( .,dI,, -7r 1,’ A/“,:. rvhrrv A i5 zln 

irltqm. E’is 2 shtnvs thv ‘ivakvficddh c~xpwt~~t al t hr ccntvr of 

1 h(> ractr I ~II 11 -11 tlavirl up, ;t ~~~IIIw\cI<~- I~ar;iln~lic iti5ll-il,lrti~~ll with 

I..;IIII~I 1111~ r:t<tius ar~il a t~~r~git~r~tir~i~l Callsian ilistrit~ulion with 

3rn11l rtn:, Ivrlgth. It is R~~IIIII~~ I hat the tt,tal rhargr of TII(’ is 

distril)utr~ll (,\vi six t~r~rrc~t~t~ in a Cialisian-likii i,nvc‘t<)!~v J’h? 

figurt, illrldl ;Itt 5 (11:’ vnvrgy g;lil~ uf Is,ri.h Ibrlnc.ll :~ci.i~lr~r:rli~il 01 

tlc~~4~~1-;tIi~t ill a 1111 l~ltig I)!~I>III~ ~~INIIII~ 2% a fbltls~tic)rt iif i’li’c- 

trc,rl itt,IIGt) IaIIgirI:; (L’ - I?) X lO”i~lit ” III I+‘v>ililll~‘~+. ;I!1 

tull~llf~~ it,<’ ,li’~~‘l~~1.~1,Y! t<, ,“.‘“lU~.Y tlw Ill,sill1ull1 ;1111]‘!‘1”‘1” of 

rcwkt~fit~t~l l~cl~i~i~l t hf, t)urich 1IiliIl. 2~. it Illittler 4~f’ ccb1irw. ilIr> 

litttvr i>IlIt~-lli~5 r-sil,ii tht- hisllc r c~nc~lq y;liir< 

‘l‘hc, i~ncqgj 51n-ct r;I of 11 h ;Inil -lt)i <ilIt wf (; 11un(.11~3 wvli 

nit2~ul-cxt ah R frl~ri.llibll of (hi> j~l;icli~~ i!vrlhit! ;11~~111~1 lx I~l”cl~r~” 

uhiriq it 25Ohlc~\’ 111(‘i~lf~i.t1-011 1,~ all1 iI1 ilit, I~Is~\i~iil~ ~~xlwriiIIl~lIl-. 

\I:(~ f01Incl tlri> Jw(~l( !;lti II c3F ~~l~t~i~~siItlatr~t!- :iklr\’ i111c1 IhIr\’ iIt 

this *It It ;rn~t 5th Our~rh4~s, r4~s!~wtivt~ly. I’lrtw 1al11~3 aq~t- \vil II 

tlrcs c;dr~ul;rti~-In gi\(,rr in Fig. 2 I’he till: I)IIII(.~I wits toi, \vc,;rk to 

Iw c~rll~rg)~;ir~;~l~“‘~‘1 

Is’ig. 2. ‘1‘11~ cxpwtrd longitudinal w;r!idir~lJ at 111~ lmrycimtr-r of r,dd~ 

hunch. Thr ~nirn~rals drnok chr or&r <,I lmrd~rs. 
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Fiq. :1. I’~pic;kl i.ni’rgy spwtr.t, .547\lr.\‘/ < , 11l11~~1. I r (ii) rho.‘.r of tlr? 

h~rr~c~h will, 11~ Illilhingunl intrlkaity. Sdid lint.: kin the prcici~cc of i* 

plaiilia bvich a rcsonmt drnsity. dcil Id: in tllc ;rlhrorc 01 a plnnla. 

(1,) those of tile bunch just irftcr the onr will1 tllr, IliikxiIlluIu inten5ilg. 

Solitl li~re in ~hc, prl~enrr of a ~~h.wr;r u,ith 1-rwr1,mt dcmGLy. do~~~~rl: 

iI, is plasIna xitli dcllnity OH t III- nwbni~nc~ 

III ttl<s pl+w~Iit vxlri~riIll(-Illt4 w* ti;l\(s t 11~81 t.cfiiiilirt:iti<)ri of :L 

wi,lcr ldabrllil clcrtsity r+?gioIi (IIp 10 10’2cIII -“) amI 2 !w:rtn with 3 

!ligh*<r c’tti’rfi~ (500P~t~~L’). ‘l’t~v lkigll+I ,c~1~~r:gy rllziintj i~or11 tililit(vt 

1~) the inlj)rovvIiI,~III <II ttlv t~xrir iiyia. ,t*v-liv*.ing ni~~lt~!Ai~ xnl- 

ti,rirlg <If i4v~tx~~n~ ;tt ttlc 11i’;uli winiton5 Tti<> rrcilwti~>n in tilt> 
IH~~III si7il ~8llltritbllti~h to in<.i(3w thi- i’lh-tlou iliwGty insi(til thr 

I,ilrictl. ‘l’lrrs Ilic;h(7 eni:1 p> 81~ ins.1 (~iw~il tllt~ ( ‘tit’rvIlko\ 1 P~rli;+ 

1ir,11 itrlp-tlGly 10 iltlIlIovi% tllv Gqrlat tr)-noiw rAlir> ~11’ t tw >lri,ak 

C’i,,ili~, R rrl~‘~r~rlI-~‘llrr~llt. 

\2‘v 111~~1 3 il(liv ;IS~IV‘~ irl a Iligtli,r twi-tln Ctiwslt> ti,qi,ln. l‘til, 

f;JI~rwi~r,q ~l;tla iirt: i3 If~i~ilc(l Ii> :I l>ls;~~~i will, il t,,tal i~hzrl-~~~ (~1 
-.r .1 4 .III( iili rnlh iii< I’ ,115 ~7; = Illlllr. ililll %l, IIll> I~lltlr~ll lt’rlql h n, 

~:JIJJI. Ni~ti~ tll;rt 11,(x I;~CIIU~ i: r~‘~Ili~f~+t 10 ?,/I{ fb~lrl (11~ [~1~~\.i~8ti~ 

t~s~~+rit~i~~~il~, orviri,q to I,~JIII tli~ irlllttipt<- s;rtlc,ririg I<~llll~.lioil ;\I 

thv uin~t~~~v~ x11,1 1 II/% illl!,i~x+vl o!~~*rntion of Fv~~uGriS l1i;lqri~ tb 

\Vc firl<i illat i hii 13tlnch fvitlk t ht, ~ii:~?r~~ll,illl irlt~~nGtj 5 rtr~~rigl! 

itiV’~~li~l.iit~Vl Rl t Ii<, I~‘hol1~lIt ~)l:ISlLli. 1 ~I~~llGliii irl Ill14 corl~!iii~iII 

I.ittlc ~!ro~li~I itl.i~)n. IPSS ittan 2hlsx\!. is fciui~tt at illi, r~w~nwr~ci3 

in tllc l)iIIIctI 1;rlli,rviIlg ,ju~l aflci Illi> IIIasii~~lIIii 01~~ IIlbtt,acl. 

the wqy htwctt:f of this I)ur~ch gt+ 1>10;1~1. Thr rrlclqq changc~~ 

of t hc filllCiruill# weak l~unclic+ a~tl ~01~1 raid) rriy$igit~tt~. 

Fig 3(a) shows cwrLgy spwtra of ttic, ~~arrrt~ with the irl;lsi- 

inun ilttensity. ‘I’hci rliffvrc~uw of the 1i~vi~11 cnvlg) twlwcv~rl thaw 

gi\.cII I-IV the solid and tt~ittc(t linm is af9!)rimilrlatcty 121lrV. 

whwr t hr solid tine gives t hf cncrgy q~<~ctruln irt t hr !~rfwnc~ 

of a plaw1ii with ttiv c!crlAly qf 9 x lO”c~d. the srco~ld ICSO 

rtant (timsity giv(bn in Fig. 2, white the tioltd give thr h!wrtruIn 

ill the i~t~~nr.+- of it !rl,asn1~. ‘I‘hr olmrvcd cnrrg! shift is niuch 

greater than !)ldictcil lq ttlc litl~al thm)ry gi\-cn in Fig. 2, ttlc 

3rtt or 4th I~unth of which has tit? nlitsinillni intprisity; it is ilc- 

rivrlt front I II{? lignrc, that t hc mergy shift. of the 3rd tlur1~~h at 

1 hc heconct Irhc’rtancr shoul~t be ahoul 5hlr\: f akin& acrtilint of 

thv dmhity incrcaw of in t,tic !)rwput ~~s!writnt=nts. 

‘l‘hr II;11 urv vf (Ill: rebiin:~n~~c is 4ritl \;&I, a5 slliiwu ill Fig. 1 

This olwerlw! rw~uance is, howrvrr, shar!jCr than the t ticorcti- 

c.al t~rwlicti~~~~ giwn in the curve r~ulnlwwl :J (or ,i of Fig 2. In 

Fig 4, t hr curve nnm~~rrcd ti in Pig. t’ ia rt-scalm! ant! cic,!Gctd. 

which funnily fits the rul)eliltiisnts, in h!)itP th:tt it 911~1111~1 11:iv(, 

no 11h) sical meaning. 
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I;ig. 24. Olwrv+~l f v~rlroi~l *‘l~t.rgy atrills of the tllit~it~luln lron~h ah a 

luni t ion of tl~c pl;rill~a dwiit> 

l:ig. :l(l~] >IIc~% i 4~ni~rg.y htii~lra of th(, l~urlch following .juht 

aftcir Ill<, III’LSLIIIIIIII. ‘I‘h<~ >[““‘t,U,,L at ItIc, I.w~I~itllt plasma d?ll- 

:ity ih 10% l~l~~;~~l~~l ttlZ%Il ttlilt 8jfT fll~’ I(‘hOLlrlllCi’. .l‘tl? StWCtrUlll 
wit IIS ,111 ii jila~ll~ii IIY c ~1 Grlrilal ~lizlril~ati~ill ah tti?> (ill<’ gi\r4ill 1%) 

ihi, ticltl~:cl Iill,> ill Fig. 3(t)). Fig. .5 <how> tlli, r1ns tncrgy wictlli 
of ttlih Irtlllt~h a~. it f\ltli.lloll of tthf, 11l35111a A~*rl~ily. wh:~~i~ ttlr, 

rwi~~~a~~~‘i+ axt I.lt~ili. I~II~ I~rOit~ll~r than in Fig 4. \Vc c;i~kuirt Cdl 

\vtlt~lllt~I I Iii. i-. <tlI,, 10 11113 c~L~c’I~> l)lira(l~~uiug or ~111~~ 10 tttt, d+ 

ftwc:~~ng if I hi v;1Lvlii4~1 :I> SII~IWU in I,i(; :{(a), ~80 Gsnificat11 

(.~IHII~;~, \vai f~iu11(1 iu Itlr, wi~lth of 111~ >jwrtrllltl cbf ttlr, Ill;ihilllltlll 

IIIIIICII HI (Iit~ ..YIII~III~ II~;:~III;~ il4,Clj.. 

1. Dismxsim 

Onk~ csl~l:~nati~ili of (IL<% i~~~i,~~~itlou:, ~lwdrrii(i~lrl of llli* miw 

iliiliili lr~ili~.h ~5 iulr<> Illcli~,rl of R rlclIlliu.vir ilbivtlanisilli. ‘l’hl~ 

1~vrtltit,c~cl g’lcv 11r11r sI-*j14il> i- qivcll t,gi 

v, -~ ~,,.2:(.‘.I’[---(k,,n.)‘/L’]/(L’Knj), 

\Vll1Y1’ k, : i./+ and .V is the nunltwr x)f Imrt.iclcs in t.llc l)ilnch. 

Itlw11i11~ c,ur SRIIIC~ a114 ;c.z~llrril~g !11at thca IlIasiululll t)unch ha< 

ttlr dlalgc~ 01 t’n(‘. \Vl’ t1alT vi = 3 O-1 x 10”c111-“. 01 111 /n,, :A :1 

ill t II?’ .,/c I ,Ii(l r<‘~~~,,i,I,~‘i’. \I’(, iii,‘ c vrtiii~~l\, in I tic, rc~,qion whi~~-~~ 

the lirlvar (hcory is rldt iIl~l>lical)lc. 

.I hi, Ililillin?ar r4f’wt also give ali i~sidaklntion to the fact 

lt1ai ttlts tail l1uuc.l1t‘s (1~) ukst c,sllil,il +ll”rg4’ c.har1g? ilf 1 he r<w 

ona~tcb,; Ihi* ~h;ibc~ c1ifj;~lc~llc.c~ ia plol~alde Ivtwcvn (he pli~il~la 

witvc x1111 ttlc 1)1111(.11 -tmcing, if tlrt: lil;rhllla wave tlws Iwl n- 

111:\11, illlll.trl~lill. It .\‘<‘I,lS t 0 ci!L.l.(‘h~lrmd ((1 1t1c ~~llencllll~~llcin 

of ll~e, ~iwrt II:LI~ I~~~~a~l:~ni~~g illowL in Fig. 5 !\nothrr plaw- 

l>lt’ t~xl~l;inati~~r, ix 111~ pwil)dit)- thal the tail Inln(~l1w arc ,)ff- 

I PII(VITVI I +f~,I is t 1~~ <xllter thaw plibk~lil. nis Ed ~CRI ~dlbt~ of tail 
b 

I)ullctii~h luitrr% than IIIII~ arc oftvrl ctlwrv(vl in this linac, whicti 

ii l)rongtkt nl)oul t)y 8 t rani’I,crhC walii~ ficlcl iriherwl. in the lime 

51 Iru~turr If ttli, ~~lticl is grmt~r than tlicx driving Gnnch 1x~at11 

5izc3, ils dkt 011 I tw trailing I,urlchc3 t,allil(,t be 4 rc>rlg en011gh 

to caubcs 1 hc iinwgl shift. 

Otlly Illr deceleration is rcularkat)lc at tlir re~;on;ml. dellsit.y 

IIf a plilhlllit. ;w long a5 t,hr hunch spacings are fiaed. and thct 

rnvalope of the buurh train is Gailsian, as in the experiments 

report,ed here. WC can, however, make acceleration possible, 

cent rolling Ihe envelope? It is known that a t.rain of M bunches 

with linearly ramping intensit.ies, given by the nth hunch inten- 

sity N,/NI = 2n - 1, can produce n~axirnuln transformer ratio 

2M, if t.he frequency of thr bunch spacing is resonant with Ihe 

plasnla frequency. A traceable amoul of test launch ran be accel- 

erated, benefittcd l)y 1 his transforlrlcr raLio, even if its (listance 

I~etwccti lliv last of driving t)~nches is also detcrlllined t.)y the 

I)unc~ticr radio frequency. 12’7 t van ulothfy I he ~a(horlc grid I,ulser 

c~f Ihe ICEI\ linac iu produce >uch a bunch (rain cv~vclopr. 

Ln suulinary, we obeervcd about 12MeV envgy shift in an 

eleci ran I~unch t.ravelling 1 hrough a 1 in long plaxma column. 

This 4ufl an~ount is more than the prediction of linear n~odcl. 

We are planning t.o asccrta.in the reproducibility and cause irl 

detail in the nearest fu(urr. 

2.3 L, -i-I ! I .., _i._. I” L--I.-L iA.A 
2 4 6 8 10 12 

TIP f li’!‘.xn-t) 

Fig. 5 JihlS e’nergy widti~ :)I’ the t~unch follm,wirtp, just :dtrr ttw 

mnxiluunl as ii funi.iinn of 1tlc plasma density. 
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