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Abstrw4

The LCIS Alirmos (rce-electron hser (FEL) facility has
been greatly mudificd by [he rc$ncement of [h: thcrmio~ic
eleclron gun nnd bunchers wilh n 1300 MHz RF
photoinjec[or, Two more ~ccelerntor ranks have been added
to incremc lhc hcnm energy 1040 MeV. Preliminary studies
at 15 McV hirvc dcmonsmued cxcellem beam quali[y with a
normal ir.cd cmilhmce of 40 n mm.mrnd. The beam qusslity is

now sufficient [n nllow hnrmoni~ Insing in the visible. Al
prcscnl wc arc beginning FEL cxperimcn[s nl a wavclcnglh
near 3 pm. II] this pirpcr we rcpcrrt on the pcrformtrncc of our

phominjcc[nr accclcri~(or.

Introduction

Free.elccuon Iuscr oscilln[ors opcrming m high power and
shor[ wnvelcngth (k) require high-current, low-cmilusncc (En)

electron IW:IIIIS. The gilin of nrr FDL increases with bcnm

currcm sul]jccl 10 [tic constraint Ilusl

rn<4p7A.

In [his COIIICX[ high curren[ implies IB1OOA rrnd low
cmi[mll~ r illlplics rll a ]00 n mm-mrnrj (normal i?,cd). Very

low ~tmi[[iinuc IIIIOWS IIIC powibili(y of ucccssing short
(q)tiu:ll wnvclcn~ltls nl low beam energy, by lmin~ on

h;um(mics or IIIC l~]n(lillllcn[;ll I;EL wrrvclcnglh,

Iligh qu:llily clcclron lwnms musl nut only h gcncrutcd ,

hul musl nlso lx’ Ir:ul$portcd 10 [hc wiggler wi(houl loss of
M:IIII (pulily. Prcvlously such bcnms hnvc been produced hy

[Iwrlni(mic llit[ll-vollllgC Nuns, with ClTlillill~CC9 ncnr IIIC

w)urcc Ilwrmut Iimll, l!cforc king nccclcrruc(l in an Rl: llllilC

[IIC Iwnm is l~l~iCilllY INISSC(I [I)rough subhnrnloni~ l)unchin~

(JVI IILIS UI nollrulMivislic cncrgics. N(mlincor forces from

\l)nc C (llilr~~ illl(l Itl; fi(!hl~ 0[ lhL’ bunchcrs pcncrnlly L’IIUSC

(’llllllilllC(! ~ft)wlh WI(I r(wlll ill (Iiminishwl 1;1{14 pcrlorm:hm’

I:or u numl~kr of ycnrs we hnvc been dcvcloplll~
~ItIOI()(;IIll( )(l(I 1<1: IIIIIIS f{)r lli~h.hrigh[lws~ clr~’[r[m hcnm

lllllllll:lll(m~ ( I 1, III N Illlol(lltlj[’clor,” n Imstr (Iriv(’11

l~lI~)[t}cillliI)(l(’ if Ill;lc[’{1 (111(’LIly ill n hi~h grndi(vll RF

II (( ’1( ’I: II III}! L:l\’lly I Ills +y!l(’111 Jllows Ull$lllpll$s(’11 (’01111(11

l~!(’r III(’ jll:llli ~ III(1 h’IIIp(IInl Iw(llilt’s, und ~’lllrt’nl ()[ lhc

lWiIIII III Iltl~lIIIIm III(’ “t’ltItlItltlclt’$f (wli~~i~~tl” llv~~iils
II I,HIy {d III(I (11111( II IIIUS :IswKInlLtd wilh mulli clr(lltdr,

\\olt’, Irll!lllll. !l !111,1,1Ih? Gllllll(rl (1, Ihr Irrpl!m?lll d I’lll,lgy 1111llle
Pllllrd ‘i Inlr! /\llll Y

i.e. the electrons are accelerated very rapidly to relativistic

cncrgics, and there arc no electrodes to dis[ort t.hc

accclcrnling fields.
We have inslalled and Es[ed a high-graJient (26 MV/m at

the zcuhorlc) 1300 MHz, rd2-mode photoinjector, that is 0,6

m long und produces 6 MeV, 700 A, 15 ps elcmon pulses al
a 22 MHz rep, rate. Figure I shows a cutaway view of Lhe
pholoinjcclor. Tatde 1 gives the specifications for the
photoinjector.
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Figure 1, Photoinjector
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Fig. 2 The APEX SAMOPA configuration

[he elccmwrs firsl Ims.slhrough n low power oscillator nnd
llmlI lhIllII~ll 11 hi~!ll ~l:lin nmplil”icr. 7’IIc li~lu frt}lll 111(’
oscillm]r is Icd imr.r lIIC mplilicr. Since Ihc ~wcr iil Ihc

oscillator is low and their nrc no rcsmu-uoroplics in Lhc
nmplifier, the oplical dumnge di[ficully is removed. We are
studying [hc physics issues nssochued with SAMOPA
oprntirm as part of Ihc Bocin@os Ahrmos collnborntion 10
build the Averugc Power Lnser ExWrimenl (APLE), We nt
Los Alamcrs will @lrrm the APLE protolype expcrimcnls
and will be known by the rwronym APEX.

In 1990 wc complc[cd capcrimcrrts thnt charac[crizcd Lhc
phominjrctor operation nnd benm Inmsporl through one
id(liliod tl~~clcrii[or [imk III an cncrgy of 15 McV.

Drive Lnser ml Photocathode

“1’hc ~rf’(mrrncc of our FEL depends critically on our
~)ll(lloCillllo(lC” irnd ils drive Inscr, Phusc nnd umpliludc jillcr
ill Ihc rlrivc Iuscr rcsull in energy mld currenl jillcr in Ihc
clcumm I)t*illll, Wc require Ihc plum ml nmpliludc jillcr 10he
< I ps nnd < I % r~~spcc[ivcly.‘l-ilblc 2 gives Ihe mcu.wrcd
pcrlimlumcc 0( Ihc drive I,uwr und phohcrllhodc.
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C (nC) = 4 5[0 (%)x E(rIJ)l
Since Illr Iypc of &IIIINlC IllllkriliiUSC(I”’((;;K2S11) pr[nlucc~

prompl clecuons, the current may be approximately
cnlculnmd by multiplying the charge hI the laser pulse
FWHM, Typically Q > 6% at the su G an acceleramr run
with n Ik Ii fctime of > 10 hrs of accelerator opcraliort Since
our design vrrlucof C is 5 nC, we require our (JxE product to
be grcalcr Ihan 1.1 for e[[cctivc o~ral’orrm

To improve our opcrmirrg lime on a single cathode we arc
endeavoring 10 a) reduce the quanhrm efficiency decay rate;
nnd b) incrcam rhe energy delivered by the drive Inser 10 the
phomcothodc.

Reducing Ihe decay rale of (J implies improving lhe
vncuurn torrdi[ions in tie accelerator, Studies IIOVCshown
thnt C02 and t120 cnn conuirninruc the cmkrdc rmd reduce

ihi cffectlvc lifc[imc[51, Since a sumdard bake at 250-3S0 “C
impiu[s u I eV 10 m.rrfarx ruhsorbedmnlccules, it is not
effective in rcmwing [hose ndwrhcd gn.scs[hnt nrc hound
wilh binding energies P I eV, In the nomopcra[ing
uccclcrumr (no RF, no beam) sucha bake pruduccsa vucuum

of’ 5 x 10. ‘() mrr, In the operating nccclcrrrtorlhrrc nrc mnny
clcclrwrs wilh energies n I cV dial irrducc eleWrurr
s[imultrhxl dcsorplirm (ESD) of gases from the cuvi[y walls

IItItt wsc Ihc prmwurcKr riisc10 the mid 10.9 Iorr rnngei ‘1’0
improve Ibis siurullmr WC hnvc Iniiinlcd nn RF gcncr[ucd
Hlow dischnr~eclmrning Icthniquc [6], U@ 2(M W CW I,3
( il 1? RF, f’ed lnlo Iim phomin]rclor cavily through the
Wnvcgulllc, wc gcncrale n glow dlschnrfm wilh

rrpproximnlely 10”2 mrr 0[ hydrogen, II y vnrylng the IW
I’rcqucncy (1.:! +0.03 (111x) Ihc RIOWcould trc lnlmrlcd In
one or rnorc CCIISO( [hc phomhljecmr. l.)urhl~ Ihc dlschnrHe
the phmoiujccmr was malmnlnml nt a tempcrnlure of I M) 0(’,
‘1’hcdiw hilr~c WJIS run for 41f hour% [nllowcd Iry n 24 how
Imke III [rely 1,!()”(’, ‘1’hcimmcdlnlc result wus 10 rwlucc Ihc

prtwyllr~ 10 I x 1(1”11)ltwr m l(nml lwnIwrnlute, I’lrlimitmry
IcIwJlll Indiumc Iturl 111P prcmm duriuH hl@ In)wcr 1/1:

IIlwlllti{m tui~ Itdetl rmluccd 10 Ihc 1(W 1[~Q Nlrr rnn~r,

Ilrx:msc wc urr m)w r[’l”(~ltllllissi~)lllll~Ihc ncrrlcrnhw n[wr n



long shutdown, wc do not yet have &ta on enhanced
phomcalhoue Ii fetimes

We huvc implemented a drive laser upgrade which has
increased the deliverable optical energy LOthe photcrcahxte
from 1 to 5 pJ per rnicropulsc. This will allow the nominal 5
nC per micropulsc m be produced with a Q as low as 0.22 %

RF Controls

The stability of [hc RF phase and nmplitudc is as critical
to LhcFEL pcri’ormirrrccm is [hat of [he drive lnscr. We have
replirced our old RF fccdhiick conlrol systcm with a novel
systcm using stiuc-fccdbuck [7]. The system in its prcscnl
form is signiticim[ly smidlcr and producesbetter RF smbiliiy
than our old syslcm, “Rlblc 3 givss the performance of the
smtc-feedback syslcm over a 100.ps mi~ropdsc on lhc
photoinjrctor.

I I Amplitude(%) I Phase (IM) I

t=-

Jltlcr 1 rlol I 0.I
Slew 0,:5 1—-—. I

Tnhle .l 1{1:phuscnml nmplimdc !irnbilily

WC will Ix [csling Um effectiveness of the fcedhirck

SyMCtn ON i]ll (our :l~t(’l~iil[or [~nks shordy.

opnliond Experience

Mcmurcmcnls on lhc electron beam produced by Ihe
ptvm)in,icclnr hnvc hrcn mndc nf’lcr posl accclcrrltiorr 10 14
h“r V hy nn ilildi[iolull side cwuplcd tank, t-)f pnrliurlnr
inlcrcsl hils Iwcn Ihc txmlpiwison tmwccn lhe design COLIC
(I NI;X) prcdi~’lions ml il~[u[il pcrlormmrcc. llcluil~ of lhc
comparison Iwlwrcn lNl{X ml mcasurcmcnls arc prcscnlcd
clsrwhcru ill Ihcsu pr(KccdinH:; IH].

“1tw lwrl(wm:mcr (d’ lhc phominjmor hns mvcn 10 lx

cxccllml in ltm :m’:w or mm impormncc 10 l-t ,L. opcrnli(m
i,c. rmluucd ClllillilI1l’L’ ml rcdurxd cncr~y sprcnd IL’S
illdic’nlrd ill Iirldc 4,

Fig 3. Electrons make an FEL

l) Multi j.rautoringin one or more coupling cells produced
coherent 7 hltiz oscillations in both phase (*1*) and
nmpliurrk (+ I %) of lh~ RF in the tnnk. The problcm was
solved by detuning the photocathode CCII (pulling the end

wnll by a couple of tenths of mm) so as to rai.scthe fields in
lhc cm.@ing cells above the mullipacloring limit.

2) The electron beam was cb.servedto have an elliptical
crosscaimr before passing Ihrough any qrmdrupo!e mngnels.
The smrrcc of this cffccl wns RF qumh-upolc focusing
rcsuhing i’rom Ihc number and Iucatim’r of the coupling skrts
in [hc accclmrkrr, This problcm is king pminlly corrected
hy plncing a small qundrupole mugnel between rhe
ph(rminjcclor nnd Ihc next lank, For more dctnil see ref. [8].

3) A Smilll field-emission clecrmr currem ( I mA) wnq
obscrvctl wilh the drive Imcr off, The inlensily of [his field
cmissirm current is not sufficient 10 significantly cffccl our
opcrmion. For more details see rcf, [9],

Present Status

We nrc nl prc,sem cr)mmlssiorring the cmnplc[e 40 MeV

Iinnc trnd Ihc oscillator Icg of Ihc SAMOPA. Wc have

suuccssl’ully ,riulslx)r[d bcnm Ihrough nll kmr txnks nnd
nround Ihc 60- bend which I’M!J the mwillnlor, Lntcr Lhis
ycnr wc will iitstidl the 150” hcnd nnd nmplificr Icgs of Ihe
syslclll,
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