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The NSLS at Brookhaven National Laboratory is proposing the construction of a UV-

FEL operating in 'the wavelength range from visible to 1000_. Nano-Coulomb electron pulses

will be generated at a laser photo-cathode RF gun at a repetition "r_te of 10 'KHz, The 6 ps ""

pulses will be accelerated to 250 MeV in a superconducting linac. The FEL consists of an

exponential growth section followed by a tapered section. The amplifier input is a harmonic

of a tunable visible laser generated either by nonlinear optical material or the _lon-linearity

of the FEL itself. The FEL output, in 10.4 bandwidth is 1 mJ per pulse, resulting in an

average power of 10 watts, The availability of radiation with these characteiqstics would

open up new opportunities in photochemistry, biology and rlonlinear optics, as discussed in

a recent workshop held at BNL
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Scientific Motivation

In thispaper, we describe an accelerator, based UV/VUV radiation source capable of

providing tunable, coherent radiation from3000_ to 1000_ at near gigawatt peak powers.

Unlike FEL's utilizing UV/\,'U\,' oscillator cavities, tile laser amplifier scheme proposed

here will provide lligh peak powc,r \'UN." radia.l, iorl with the mode sbru(;l,t.lre, bandwidt, li a,_d

frequency stability of an input seed laser. Such a VUS,' source with peak energies near

1 m J/pulse ISwell beyond conventional laser technology and could have an immediate impact

on experimental 'studies of photo-induced processes in chemistry and physics. In the following

section, we discuss applications of high intensity VUV radiation to ptloto-chemistry and

photo:i0nization fc,r which the proposed source is ideally suited. For specific applicat, ions of

Ft_t, s to biology and physics, particularly surface physics, we refer the reader to previous

\'UX!/FEL conference proceedings [1].

The ,studv of U\" andk'U\' (.1000,,_ -10{)0_\ ) indut:ed chemistry is largely drix'el_ by t,llv

fact t.hat such radi_ation is sut_icient, l\ ellergetic t,o break most, Chemical bonds ("-_-70, t<cal/mole

.-ks a result nlolecules, photc, exciLed t_\"..... l'\'/\."l:\." lig}Jt ofl,en unde'rgoe, t'ra.g_la.iltat, iolj iI_l._,

atOl]l.ic ai-ld/or smaller molecular species. Tl_e radiation-induced at.ores and n_olectllar t'ra,,-" ..'77,

ments are most often radical species wit.h open shells and rea,di l\ ul_der,_o i'eacl ioI_s wit.Ii sur-

rouIJ<:lirlg.molecllles a11d surt'ac<-.s. !)tlolc,-<tiss¢,ciai, i<_Iit,v e11t,r_c_i(' soiar radial i(,zl is 1;_re:,.-'ls

rc.-.'.t)o1_si})l<:for iilil iatizl:, IIi,, ,(,I1'1t,1,':: ,'il_'I_list i'V¢,f I tl,"at x_t,sI>i_:,rt,as ',v¢.'ll;ts mall\ lli_Itlrit}]\

_)CCl.lI"I'i!lg '11111,_'1lit)fiN 'II },io],,ei,.al sx'_l.¢,l_ls. I_,v<,st,ie:al i<,i!>(,i' Ill,. t_t_ol_,-_}iss(,ciz_li_,i_t.,l'_,c_,ssill
•

w}_i,:'t_1}_" i_lil,iat >;lgll,' ,.,f" 1}1_' I,ilI'_'}ll 111()],','11],' irl (I 1}1,' tiII;tl Hli_l{' ({ibll'i!',lllit,ll.q (_t' _ }1(' I'F;._'eI'II_'IIIN

gll'¢' _'i¢-'l('l'lllilll',] [)r(,vi(l_.' /-i ,l,'I;ti]e'fl 1)i('Iil1'(' ,,t 11(' ['F,_tKlllC'llt,illit._ll ,i{\'111:1ti1{('.'-'. ill Jill' ,.llli|llllllll

sl.al_' .ev_'l, t"tlol <,-,!i._;._,<,ciati_Ii .als<>l.>rc,x'ict(,> _ t,r(_l_, <,{t tl_, rcv,,rs<, "'tlalf-s'_,_.t<lit, li'" i_l \x'}_ 't_

t.ioil is itI'l _l,l'('h (.,t' illl,(:'llS(' illl.(?I(*st si_l((' il I.,,:;tI'S(,I1 ali itsI_('(:Is (.,f iIlt.(.'I'l_gtl('I_(.'rgy <lisle'ill,lily,li

wit,ltiI_ svst(_n_s wilt_ late.:(' _l,_,r._: (,t ¢'1('._'t ro_li(' ,:til(] Illl('](';.ll' ,](,...,t('('b(r' ¢)[' ['I'_'(*(1(_I11. =

_

_



e. g. Q-swiLched Nd:Y.A.(-_oi' excimer laser pun_l>ect systems, whicll t_rok'ide inteIlse, t,uIl_tl0h:

radiation from the near IR to the near UV (2000_.), For VUV radi_tion below '2000_ ,

upconversion of visible and near UV laser light is very inefficient, (typically < l0 -s ) with

peak energies (<__100 n,J) suitable for spectroscopic applications only. Consequently, very

few studies wil;h star, e-select, ire detection have bc_.n performed in tile \/1 \/, _lest-)il.e lh(, ii_l-

portance of this wavelengt}l region to _l.t,rnospheric pl_otocll(,mistr\'. ;';-_relicd l->l,t.sIll_t_.l\'llit.llll¢'S

and as_.rophysics.

Ir_vestigations of the primary photochemistry of sin_fll molecules generally require radii>

t,iou with energies greater than ,5 eV (._ < 2480_ ). In addition, l,he dissocial, ion laser inust be

very int,ense in order to produce large yields of photo-fragments which can be subsequenl, ly

probed bv other spec_,roscopic l,echniques such as laser induced fluorescence (L1F) or reson_ill.

multiphot, on ionization (REMPI). A VUV pulse intensity oI'_ 1-10 mJ is estimat, ed froIll

t,he m_lnirnum yield of photo-product, s needed for LJF or REMPI detectioll with convention_,l

I.T\"/\.;IS probe lasers (_ 101° per queml.unl st_.tte)[2], l;'ixed-frequellcv exciIner or N_I:'_'..\(-;

l_s(.'rs pI'oducing 10-40 M\V of pe_tk power are tS'pical]\" usc(l for sucli studies, }l_w(,\'(,l'. oil]v

lwo inteixse excimer lines ai 1930,.\ (.,Nrl:') aI_(l 1,")7[),.\ (lr.,) lie, [,_,low tl_(, '_'0()0..\ . ('l('it,'l\. ;t

tunable \'1_'\" source witl_ comt)gtrable i_owc!r is: i_(.(_d¢,d_,_e×l.¢:I_d l.}_(.,scsi,tidies iilt.c, I.}_(,\'I "\.

Given t,un_tbili_v down to .l{)f)()/\ i-tl_(] pl,Is(-' en(,rgies (,f _--_1 _,l, il will I,,(.,l,ossi},l( , I.<)iI_','( '

l ietile t}l<, p}_olo-disso(:i,-_lioi_ ,i\'l_an_i.cs _,t'slil;_ll IIIt)]{"('IIIgII'.SVSl¢"IIIS illll,¢,l'l./llll ill /11 IlI_*SI,II¢'I't¢

;_.l,d ,'C, lqqI,IlSI_iOII C}_<'l_li.ql rV. "l"}_(" IuI_rbilit', _>tl.t,,.,sota,c_, will _-tll,..,w>,,']¢',:1 i\'(' ,"<¢'il/,Ii, ,li ,.,t' ]'_v,i

},t:l'e _.11_¢i \';t.l(.'llC(.' sl._l.l,l:s W}l('I'/'i-ls t_I'<.'\'i_)llS.'sli_l,'-l'(-,.,,(_}\'('_{ _-;III(]i('s ,_I1 sv,ql_'lllS .'-; Ic}l ii.'< 11.() w,.,,,

l,,'_'l'or'I_J(_'d;-_lli::,'(l-l'I','(t_('_lci¢'s ,l('t.,.'I'_il_,',i },x' I}_,' I;_.s('I'i I!):I()..\ _trt,l 1.',7()..\ ) _._It(t1_,I },\' IJ_,

>',I_"CII'()S('()]'_' OI' l_lt _ lll,._[OClll_.'. [_%' lll('_l_;_ll'ill_ I,)1_' illl_-'l'll_.! i111(1 lI'_lII.qJi-_l,i_ll_t] ('llt_l',it'._ .'_'_1/(11

r.'¢I'l,'l_-_l.iol-is)_t_(.l t.}__ Sl-_a.l.iad(tist, ri},ulioll:_ I _,_c/r,._'corl'(,]_t, io_lsl _t' 1}_(,l_}lol.<,-tr_,e:r_,l_t>:, ii

wilt },(, l)(,ssit,l, , 1<.,(le,_._-:ri_i,_(.,11_, dx'_;t._nics of lh¢' rliss(,('ii, I,i(,l_ ,'x'_,l_l /til('] l,l'()Vi(],' II('\V [(',_;I.",

!",I' it('('lll'i-t.l.(' I,OI.cl-_l,i_-t] sllrI';tC(_S {:II. II_ i_tclil,i(_,I_,1]l_!s,:' l_l(';_slll'e'_rl_,llls ('_tll l)I'(,\'i_l_' ¢l_t_lllili_-

l,ivc \'ields of _t]t,er'll_lt.i\'o i,l'(.,(]tlc.l c}l_._lll_(.']s, _. ,r/. ()(II). :;P)itrld ()ll(."_, :\, }_I) t'l'onl 11.2().

I<llc,\v](,¢l{:;_-, c,[' w}lic'}_ is illlt>ol'l._lll for tllo¢{(.]il_t_ I,}_<,t¢,c}lenticall\'._l_.i\,_,Ii I'('_tctio_ls.



FEL Design

i

We shall describe two approaches using an FEL amplifier to produce a,tunable source

of high intensity' radiation in the wavelength range from 1000 Lo .3000 _, The first, scheme

utilizes a UV-seed at; the operating wavelength. The second .sctmme uses a seed al,. three

.times t.he operal, ing wavelength [4]" Tile harmonic general, io_ of 1()00 ,.k racliatio_ from tl_e
,

3000 ]\ seed is carried out in t,he beginning of the la'EL, The two schemes are shown in Fig,

1,

For bot, h schemes, we assume an input electron pulse of 256 MeV and length 2cr=6 ps

from a superconducting linac, with a laser driven photocathode RF' gun. The electron beam
, , ,

has a peak current, of 100 amp, normalized rms emittance 6 mm-mrad, _ti"ldenergy Sl)read

0,1% F'WHM,

The calculai, ions rel)ort, ed in this paper tiave been carried out using tile :313collliJut.er code

TD:\ [5], \'\"e":av_, modified [6] this code t,o ena.l_le calculat, ions for t.l_:, l_arrno_ic scl_:,_ne,

l:urt, hermore, the numerical calculations _.... cIl_:,.ck_:,dap.:aiilst, a variat, ioila] calclllai, ioll ,,f(.'1 (: ,. . . .

,the t:EL gain in the ext)onei_t,.ial regime. [7] whicil incorl_or'at, es t,l_<:,_:'rl(ergvsl)read, c,Illil, l,a,lic'c.

and focussing ot'ttlo electron beam, and t,he diffra.ct, ioil and _uiding of i.he radiat.i<,il. 'l"li_,

harmonic generat, ion and t,apered section numerical calculations were checked aga.insl ()Ii_.,-

¢ti,ii¢'ilsional ailai\'l.ical m(_tels,

l._,.t ij!a tirst ('ollsidcr t.ll_, c'as_' <_t'a (:\ ._!-u,,:lat l(l()(I ..N,I'IJ__ l"liLI, a,ii,lJlilicr i,_<,'t,lill,l:i,_,,_t _,

1)1_-,la.sl l(1 ill,

( )171_.=: /)'_l'_,[l -- '/ 1 I e!
1(I i ;

iii t.tl._'_'Xl)Ol_,_,_.ials<:ct,ioii i.,-;l)'l_'o = 1.197', al_d t.l_' wiggler l._,ri,:,(l l,lirO_lgt_o_ll 1,1_(,l"]i;l, is

.\_' = 1.7,'5 chi

Iii _,llr ,i_.'St!li c_,lisi<l_'rilti<,ll<-,,W_'_,liiillii;,._'_l lli_' I,_,siii_,II _,1'lilt' I,l',"illllill_... <,l'i I_' llll,_'i'_'<t



,i

section, emd lsJle,tapering coelt:icient, 7/b\' individuedly \'al'yiilg t}lesc qllant, itics I,o fincI tl_.

maximum ou,tput power. ,,

We envision the wiggler magnet t,o l,e a superconduct, ing device, with provision mtxde

for adjusting the strengt, h of individual poles in the t,apered sect.ion. The wiggler poles are

shaped t,o give equ_ll focusing ill t,lle horizoilt, al _til(l vertical plalles, Tile i111._tltse_d pulsc.

_a,t1000 _'\ has a. pulse lengt, tl of '2.0 = (; ps alld _LIlcI_erg'y _,[',1 II,] ,"orresl_oil(li1_g Io_ l,v_k

power of 70(I w_tt, s, iu a b_mdw'idt]_ ',SX/,_ = 10-4 , _In the exponent, ial sectioIl, t.lle l_ower

gain leugl, ti is 1,1 m, _md the a,mplified power a,fter 11 m ha,s reaclled '2.5 MW, wllicl_.is nea_r,

but before saI,_iration of t,he e×ponential process. In t,he 10 mt, aoered section, the power is

increased from the initial valueof 2.5 M\¥ to _m output w-flue of 160 MW. Give_ a pulse

length of (; f)s t.his correspoI_ds to at}out. I mJ energy in the pulse. The e.',:t)one_lial growtt]

iii. t.he unl,,_.pered sect, ion _md t,he nearly qua,dr_t, ic g!'owt.h ii._t.he t_l)ered sectioI_ are sliown

i_ Fig, 2,

t,,'tw,:_'_ l.'lls(!s ('i_._ ].,t' t<('l)t well i,_,]ow (I. l_/ l:\\'l-I:Xl. 'If iIls_t,;_¢],,f llsi_e +_._lt,,,I.coll,_l_lctia_,.,

l]lt;_(', \v,, ise.'d _, c(:,ll\'(:l_t, iollit] lil_a( ',vit.}l _tl, _:'I_;l'.g;3' sl, al,ilit.\' ,,1' (),7,*,:; l"\Vt[£1 1.}_(.'_1l.tl(' (,111])111

• ,)

<'lI(?l'_2__V , ;t ],I.IISO _,','_,_I]CI (lilt.tribal.,' will, i._tl i-tv,'l';qg._, \'_t]ll(' _.,[' i_},(,llt !.).,:, '11,}. ,'-:ill('_' oi: ;t\','l';t,2_"

i,lllv it},_',lli ]/':'] (,f t]l_' _'Je'('l.l'{,li t,uls_: will i,_, wit l_i_ lt_. e_til_ I,at_,lwi(lt 1_. [" !'._111'_'ii s}loWs 111{' ,

I._,__.-.,li.'-._'_ls:-.;, lilli,, t_lll }_,.,I I}1,. ,_.,11_',,1,1 ,,t' }_,_'it] ,'1_,'i',- 3 .-:t,l',,/_,i v,}._ . ,I,'l,'rlilill,,>. Ii1_, t!;_ill

tl_"-:liI,l_i_e,' ,ii.'-:l;_r_,_.i.'-:,,l_]', {_.i I.itll. it.-,,'_tll!,i_I'_',l wiltl IIi,, i,_lIl_'ti i,'_l,..:lil _,f'2 l_ll_. \\{' ii,l]

::t,t't'gtd (,_i' tJl_.' ,:lt'¢'t l'_,tt grill iS i+.t,t+tll 2() I'Ve'\', +t.tlt] \V_' <l_., ll(,I ('.',:1,<'¢'1 't }_is t.o l,_, sitsl_ifi('a,tlt Ix'

IICI"'/tS,'_i {1t 1}1(' litta{', v,'_' I>('1i_",'¢'(J.l 7+ is, ;, ,',,t_s<'l'v ,t iv,' +':'_lilll;ll,' ti,l 11,,' l_:,(';t] <'I_'l'e;3' ,<l,I'_'_,,i

i_t 2F,(). Nl_'\' . '..('J k_'\' _.'II_'l'"V._.,,._l_l'_!/-_t '..',l\'_'s' lll_' ['t'/_(:l.i_ll_t] _'I1(?I'_,3' sl,t'_'i_.._j (I,()(J£%)

L,,[ llS ll(._\v ('OllSi(t{,l It1(.. c_:l.s_, o!' LlSill[2 btll i_ait,ial r_','_lt,tlls_, t,f ;/()(l(I .-\ ',vltv_'l_"l_gt 1i, l'l_ir,I

l/tl'lll(,lli_' _'ll{'l';tli_,ll _,!' l{)()(I . l';t{li;_l.i(.,I_l/t)'¢{'._ I,I _:_ il_ l]_,, t t'_1. i_,_w,, ._l,;tll I,_,w ,i_,s_'_'il,,'

1t.,' l"l'il __,I_:-:i.,l: ,', ,_, i_ilii_J ".7_ I_ I_,ll,' wiL_l i l', tillll I_,"



of lengt.h :20 cm and ,1 I<G Inag_letic tield, and a. ,._ec,ond wiggler of length 20 in resot_mtl _s>

1000 ,_ , The inl,eraction of the 30('" )0 _-\seed pulse with the electron beam produces a,n energy

modulation ai: 3000 ._ , This energy modulat;i0n is convert, ed int,o a spa,t,ial bunching wil_h a

strong third harmonic component at 1000 t-\ in t,he dispersion sect, ion, \_/hen this coherently

bunched beam ent,ers t,he second wiggler magnot,, t,here is a rapid co}l(!'rent, _i('ll(_I';lt, iOll O'l'

1000 :\ radial, ion within the first, meter, Tliis radial, loll process has a c]lara<,terisli(" (lua(lralic

dependence on distance traversed in the wiggler, _hcre is theli a t,ransition l,c, exi>oI_ential

growth which continues until 8 m into the wiggler, where !,aperiag begins,

The first wiggler magnet has a period length Awl = 2.8 cre, and a peak magnetic tie.ld

of Bw1 = 1,13T. The second wiggler has a period Aw2 = 1 75cm. lts tield' is t3u,,2 = 1.19T

over the first, 8 meters and

= 1,19[1- 00716 ]

'I;'<,vc,r tlle la.st, 1'2 m. his quadratic t.a.pt:,r yields a_ apl)roximal.clv tluadral, ic power _r(,wl.}l.

I'tle iIlit,ial seed pulse at 3000 .-_ has a t)ower of 1.,'5XI\,\:.

l_}+e peak t,o F,eak energy rncdulat, iotl of t}lt' el<,ct,t'c)tl }:,(';tltl ,'xit.illf4 IIi(+' first v,'iggl,,+,ri,,.

._.X-,= 0,9. in the dispersiot+ sec.t:,on, t.his m_ergy ntodulatioTl t:+rt,+luc+-,sa .'-+t!,atialbul,c}lilllZ,..+

()ptimJzaI.ioll has shown t.llat olt(. sltould t,akc (t_,.,/d_.. _. 1, wtlcr,., _.','= Ii,., 1,'_1"+-::-- lc,ct

i.', t}_c t.,ha.sc of Iii,:. l,()ll(:i_'t'(,it_,.',tix'e,.l_ol¢!ittia] relat, iV(, It, 11_, ,{'('_.,i,,iI',,,'igit-:l(,r,,','iIl_ ;._:'t,s<,liattl

v,';_v_,i(,I_gthlt)()O .-N. "l'llis c<,rr,,>;i,,,iI(l.,.:l<, I l'_(; !i<'l<l i_l t}_..2(_ ,.1,_itisl,_,l.sit,_ .,-,,'_!i¢,_.

.-\l_t,t_til_liz;_ti(_tt }_as I)(,ei_ ('a.rri(,d o_ll I_v \'arx'i_e_ II1_.l)c_,,v(,r_,f 1}_,,i_l)_ll s,,(,(I, ii,(, ,list),,i..

,,si(,i_st rc?I_e:t.l_,dl_.,/a'-,. t.}_(,sl.arl iii,,..,l_--_sitit)lt o[' t}l(, l.a.t,(,r,,ct :., .ct i,_.,_lg_({ t}l_, l.al,,,ril_,,_,,'t,(,tlit'i,.,,_I

'/. "I'll(, ......eel_eratioll ;_,_(tgrow, 1_of t.}_('radiat.iotl in t,}_('.'-;c("()rTtdwi',,-,mm.-"are also sl_o,,vt_ i_ t"ie

'2, "I'll(' _,._tll,I_lll. l,t)',,','(:.,r of 10() ,\'l\'\" (:(,rr(:,,_l,OlldS t.(_ i-i}_()lll. (_()(} ,//,J ['t,i' ;1 l_ls(' (_t' ]('I_KIt_t; I-,_.;.

.'\l'l('r Itr( I' i_ili;,l t';t.sl !,t_'.",'_!r er()v,'l.[i I.}_,' }lill'lll()lli(" ,<_"ll('['gl[ri(,ll 5...;('11('I11(' ,2_l'()w[ll rilIi, is SJ]li! l('l'

1]l&ll I}1_,, ["\/ ,";("('(1 SCtlCIIlt.' (li_l(' [,t, I,}1(:' (_ll(:'.l'g 3' SI)l'('il..(l illl. l'Odtl('(.'(.] 1>3' flit' t>I'('-},_I)(:'t_il,e_,

\V,. I_av(, also cal('ulat.(,d _t_(, (_tll, t._lll, t)ow('r for ;t. lc,(,al (',lc','e;y Sl_r(,acl of' (),(),5(2{.I"\'V'H.',I 1,,

li, _](' ] ',,v(' l.,r_,s(,itl 1.11(, [_'l'[,:.,I'r_l;-_ll('_, (,l' 111(' 1'\' I:l']l, for \';_I'i_..,_s,'l,(,ict'.'-; (,f [,ill';Illlt'It'l'S, ]II

,,i,cl_ (';ts,, ,,,c_,_l,_iii_i;<_,t'r(',' !,,,:i_IIl_'l_'l',_; ,'-;11('11it..: t]l_' l;_l_'riii,2] t,l',,lil,'.

li
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Fao iii 'r _ _The laser driven phot, ocathode I:I,Fgun being developed for tile Ac.celerat, or lest, t,v

at BNL has a, design current of 160 amp with a normalized emittance of 7 turn rnrad.

Assuming _these values .for the current and emittance and the conservative estimate 0t%

FWHM for the local energy spread, the optimized output power is found to be 300 MW, as

given in Table l, "
i

The Linac and Seed Laser

At the energies required for a UV-FEL, the best combination of peak current, stability,

energy spread and time structure is available from a superconducting linac at a low frequency,

say about 500 MHz. With such a machine it is possible to run either short, sub-'picosecond

tounches or long, a few tens of picosecond bunches with little degradat, ion of energy st)read due

t,o wake fields or fundamelltal mode curvature, At about 500 MHz ii. is possil:,le to operate al

-1.51'(, simplifying the cryogenic syst, ern. Supercorlductillg litla.cs arc available comlnerciall\'

[I'(_m a number of matmfa, cturers ancl t.tle cost. (wit.li it t)'w rc'circtllat.ioxls is (:ollll.,(,titi\'(, wit ]J

room temperature linacs.

Ttle low emittance electron beazn I_eeded for l,llc I:\"-F'EI_, will I_e genera.L(,d t.,\' a laser-

l_]_otocathocte RF ,.<ult of tile t,5't)c, wt_ictl is I,oiile, devolol.,e,t etl BNl, [8]. Si11_ulations ,,t

_I:(' IIF" gull sllow llla.t for a (); l_S I,IlllCh wit,Ii a c'}la.l'gc'_t'l Ila.ll_,-(',_ll]Olll}, III(' n()rt_laii>'(,_t

,,I-llil,l,#tI.,('_,;:.tr t,tl_,?c:xit of tile _:"_lllis 7 ,' ill-'; II>l'a_.l ;.txl(.Itilt! _,ll(,reiy Sl)l.(ratl ,7./'i, is .1 :,-:1()-:. ,..) • , , ,

l'f."<:,'llt x','{,rk ;tr BNl., [!t] tlas '_tl(.,_','Itlllat til(' ('lllit.t;-tll('(' _._['.'-;_.lt'llit ,.4"tl_l,';t_l I,t' itlll,I'(,,,'(,,I I,v

IIIO1'(! l, tlil, ll ii t',_LC|,OF Of' ,1 })V t)r()vidi_t_; it l.)a.rt,ictlla.r int._'._lsit.yl_rolil_, _,t' t,l_(:,la:;_,r i,_llst,. \\",,

/t.sstl_l(:_a _lc,rmalized e_nitta_lce oi {;x 10-_; lll-Va, d _tlld [{1()A (:tlrl'_-,lll, "l'O a.t,t,ail_ 10()(}:\ l]_e

(-,l:,l,itr_.ized li_lac c'_lergy is found 1,o b_, '2,"_()\'Iv\.:.

I'1_,, r{,t,(q,ilion ra.t(, of' sucli a eillli is _l(,t._,rll_iIic(Illlailllv t)x' t.ll_, t_crl'(.,rl_lail_:t, t.,l' t,tlt, la.s(,r

,trivill< l.,t_eI.,liot.(;,(:a.t,lit,rlc_. I[' t,l_c l'itl,(.' WfI.,S llt)t [a.Sl_l' Ill,lit.cd t.l_c_l l.lic' rf l.)(_wor (tissil,a.t.ioIl

v,'(,tlld I,oco_Ilc' a lirnitin,e; [;"tCl()l', Ii is expocl._'t'l l,}lal st_c}_;t e.l_l ('(_.ll(l ]_' (,l;_,rat._,d at' 1(}t(llz.

ll,,, lil_a_' sl rll_l _I_, ',','_,_11,tt,(, silt_ilar t<, Iii(, i1l",ll .,\ ,,r ,.\111';S :_t.i'l_' _l_'. 'l'l_('s,' ,',()li .\III;:,



q

four cell n'iobiuna st,ruct, ures have I_./Q -470_l t_t, l;he'Th'lo_0 mode, Tl_e,,;e, structures llave

demonstraied p_rforrnance weli over ,5 MV/m at, Q'larger than2 × 109, \_le shM1 assu_ne

conservatively a gradient of G--5 MV/m. At this gradient a bunch of charge q will ctla,nge tile

voltage Hf the cavil;), by AV/I/ = q_oFf/Q/(2V), The voll;age change for the 1.'2 m structure

at 5 M\"/m beam loaded bv a '1 n(.-'.bt_.I,ch will be,a l_egligil.,le 10-'l 'l"l_us I_e_tln.loac:li1_gis

nc,l_e:,:pect, ed 1,o c.ol_l.vil)ut,c to l,llc' I._1_c1_lo t,ullcl_ cnc,I'gy Sl_rcad, 'l"l_e ac'celevatiilg ticl_l _tl_l

p!_ase st,abiliza, t,ions in a cw opera,ted superconduc.t, ing lina.c are e×cellent alld call ve_Lcllt.'lle

lC)-'1 level,

' The wake field induced ellerg}, spread can be estim_l, ed by 2c1_',11where k_lI of a single cavity

cell is given by ]C,ll(l"olt/pC ) = 5,9 x lO-a_-_/a _,here g,a are the cell length and apert, ure

radius in meters aAid a is the bl.lllch length in meters, since tl_e superconducti_ g ca.\'it;y llas

four cells we divide /':11by _ l.,o get. a_ etl'ect, ire wake loss fact, or per cell,. We t_s(_.'_t -- (},32

m, a-- 9.085 m, cr = 10-:_ m and get /cii = 0,62 V/pC., For a. 1 nC bunch t,his would lead

1o an energy spread .5--,,'/_ = 2q/,'li/g(; --: T 10-'_ "l"}_isei_e,rgv Sl)i'e_,d <'._._nI,_, ('_,rr(,cl._,_.lb\' a

proper cltoice of l.t_e st_tl_le ptta.se tc., al,c, tlt _._(' lelll.Ii of ltlis ','all.l{' I_._ I)ell_.'r 1,11('11 1{) -1 . l}lv,

energy spreadl>rOduced by tt_e curx'at_r(, _,t' l.}l_'"I' wavel'<_rll_is; less l}_a_l .', ..: l{}:' ,i1_,, I{, ltir,

low freque_lcv of lt_t:.,linac.

"I-'O i'(?dllc.(c, l.l'l( _ cost of tilt-, lillaC _t l'l-,cii'Clllill.i_)ll .,-;('}1(,Ii1(, wiltt /t},(,lll I}11'(-,,, i'.,ilss(,> 1111'( ,11_}1

:}_, liI_ac will },,' _s,,<l. I"1_i._aI:I'g,._el_tcl_l }_a..,_,,i_1ili_,lli,I /l(]V_:llllil_t',";, S'll('}l ii>; I11{' t,¢_._sil,iiilv ,I

wa\'_'l¢.'ll<l, tls a.', \\'_']l it.'-, l ll_' ,.,!_ti¢,tt I<, ,:[_, },ttt_t:'i_ _'<,l_ll_I'_'Ssi_,ll i_I ali illl_..'I'll_',_li_l_ ' _'ll_,rey,

l'}l_' it((t'](-.'i'_ll.(.,l' illl(.t \_,'i,l._elt"i s{:l-ilt, iii'(' .'-:llt,Wll ),t:]l(:'illi, l lt'it]]\' ill t"il2, .t. "l'llt' llts('[' l.,ll_.)l ,

c_,l.l_(_dt'rf _,_ur_will provide, lilt {:llCl'eV.,_ ¢,t'k l._, 1(I Nl_'\'. 1'11_.sut,(,rcc_tl_lcti_,,., li_lac. ,'¢,t_ll_I'is('(I

_,t'al,t,_lt I1 sectic, l_s. will i,l'<,vi,.l(, ali _'l_'v'-':3'g,.'_.i_l(,t' a.l,(,t_l .';(I Mc\" I)_'I' l,_t.ss, lI_ l.t_(' tiIlal ],its\

I)_(' ,'I_cI'gy will I,(, I_,_l_li,l,',l ;,I ;_,li:_'l_lI\' I,,\\'_'r tr_'<l,_,'I_(v l i_ l_;_i'Ii_,_li( ,.,f 11_, e:_t_ l'('l_'l ili()ll

r_l(,) t,(, ,-:nabl¢, I,,,a,_,)swit, ct_il_e, l,(,lw(,(:))lt l_,_inl,cr (_l' ii_(l(_l,(-,l_<l(,_tI;l}il,s, ()l_ly fw(, \viggl(,l',<

a.v(, st_own for si_vlplic:it.v,

ii



pulse durat.ic, n t-L_l¢.lt,unabilit, v trcml 0,3 1,o'_,1,0 tzm, Solid st,_Lt,e re_ener_tive all_I:>lifiel's ave.,

capa, ble of producing high peak powers while meetin, g 1,he goals of kiloher1,z opera1,ion [10],

The heart, of our seed laser sys1,em will be be_sed on this t,echnology operating on bo1,h Nd:YLF

and Ti:Sapphire, Our approach for genera.ring high repeti1,ion-.rt_1,e, high power lt_ser pulses

_ 1,o inject a small fra,ct,ioI_ of ellerg'¢ from a Inode-locked Nd:'_'I.F or dye c)scil'lator lilt,c, a

ml_lti-l_ass cw-purnt-,e'cl regenera1,iv¢' ar_t,lifier, S_l<:l_an ;t_nl)lifier c'aI_ l,rOdll¢.'e 1(1_' gai,, ¢,,'

pulse eIlergies in the m,J level. Tile wavelength genera1,{-,d from t,he pri_nary amplifier s1,tLg{-:s

will e×1,end from 0,6 I,o 1.(} ,u_'n, Applica1,ion of sl,t_.nda.rd nonlillear t.echniques will l)rovi{l{'

!unabili1,y down t,o 0.3 ,uTn wi1,h efficiencies from '25 Lo ,10 %, Production of VUV se{.',d

radla1,ion down 1,o0.1 #rn will be a,ccomplished by 1,hird-ha.rmonic general, ion in ii_ert EaSes,

,'\lLhough such 1,echniques are inherently ilteffi('ien{,, we es1,irna1,e {,ha,t, our syst, ei1:lwill l}roduce

pulse energies ii1 l,he n,l range.

L
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Table 1, l"l_I. Parallu.'.t, ers at I000 ,,\

............... UV Harmonic Harmonic Harmonic

Seed Generation General.ion Generatlon
...... ,, ,' ' ',,..'.... ........ . .. ' ..... ,'i.... , , , , ' 'i

Current (Amp,) 100 ' :i(}0 100 160 .

input'wavelength (]_) 1005' :_0(}(}....... 3(1(1(I " ' 3(i(}(i '

Input p'ower (MW) .................. (.I,()i:Ji)7 ' 1,5 ........ ' (I,,'5 ' 0,t:J

FVVHM local eilergy spread (%) 0,1 0,1 0,(}5 0,1,...........................

:'Dispersion d"_l'/d"I - 1 5 2

Length of ti'niapered section(m) 1i" S " 6 8

Length of tapered section (m) I0 12 " 14 ' _ ]2 .....

TaI_ering (%) .... 118..... 1,6 ....... 3.0 ..... 2,6

Output power (MW) " 160 100 2'20 ...... 300,, i ,

'Ou'tpul, energy in.a 6 ps pulse (m J) l,(.) 0,'6 1,3 1,8....

Figure Captions

1, >c},erlmLic ,-lia'.traii_ _:,i'lhc tw,, co_lfi[rtlrati_,lls ,,t' tl_¢, l'k }"I':l_ allll_lili¢,r.

" ]",a,:tiatiotl t_ow¢_r\'s posit, iolJ itlui_r_ IIi,., wi,,ej_,r f¢,r ',ll¢' two., ._cll¢'ll,¢_._,:,f l'\' }"l:il
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