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CLIC sTIJI)IES 
THE DC TEST 13IINCII IWR IASI’R I)RI\‘I:N I’IlO’l‘Ol3MISSI\‘IS CATlI()l)liS 

Y. Baconnier, K. Gcissler, .l.Jl 17 Madsen, A. I’iscnt. G. Suhcrlucq 
CBRN, I21 1 Gcnwa 23, Switzerland 

‘I he J)C tr?t hcnch consists of a phol,xathotle prepar;ttioll ch;unher, a 
IX‘ guy a bcml diagnostic lint and an eximer dye laser. 
Pt~otocattl~~dc~ produced arc (.‘s,Sh 1% hilr Yttrium, Samarin~n ilfld (~1 
r:athodrs are USCd as LC’CII 
‘I hc moiion ot the ctcct~on’: in thr gut, :wd ttlc f~,tto~vinp t)ca~~l tint has 
tlccn COInpUlxl Idcr ttiKcr:wl space ctialgr: conditions 
Wr- dcscrihi: the test brnch, present results with the dilTcren1 pholoc:ith. 
Odes, cmlpr~ the c0rqwlctl optics with thr twun mca~urcn~cnls and 
report O!I ihc ptogrssf made with shortening tllr csirncr lawr putrt,c frclnl 
mm- 10 pictwiondr duraiic~n. 

1, introdwtinn 

The work siarlcd at CTI<?Q on linear wllirlwr undc~ the tiflc of (‘1:R.N 

I mcai (‘ollidcr ((‘I I(‘) co~crs :: variety of sulq~ct5[t]. A (:I 1C: ‘l.t:sl 
I ;ncility hw? hew propowd (C’l’JC) [2] in order tn start cxpcrimrntat 
rtutlics. ‘Ihc aim ii to mxkr availahic a SOUI’CP C$ wry short (rs), leg> 
inl:‘nrv (10s ill n(‘) clcctrctn hunches in C)ICILY IO icst fhc variolts t<t* 
Stiurtllrrc proposrd for (he malfl linac (jr for ttiv drive linw ‘I hc g:cncra- 
11011 l,f ihcw I~llrirtli~~ i\ in it\vIf a di~wli~ptl~‘.~ll iriJ1lir~rt for Ihr trl;\ili 
br:inl nnrl for fhc drive br:un of (‘I .I(‘ 

S~xh +ort. irolalcd lwnchrc van only lx prchliwvd from ptv)r~,i*tlllsai! c 
calhodrs illwninalc~rl thy an intcncc law pulsr of a few pic,oreconrls and 
ptarvd in inlvncl ladiofrcqucwy accclvr,ilinp firid, I hi7 \vill Ire, lhc ,liln 
of thr rnaln Iah rrf the (‘1 I(’ ‘I rst t~acili~y In wdcr to stxt Ihc fahlic:l- 
lion and anal7 sic, (7 
axTSFlhlC 

f thcv pho~ocnthc~dc~ m a sirnplificd and !I~OTC ras+ 
%*f iql. it waF dccidcd (0 inst:lll 3 I)(’ test tat8 in \vl:ich the 

pholo( :Ilhmtcs coul? tw e:ntwratrd, inscrtcd 111 a IX’ gyn sciLj te<tc.,j 

IlrldCr high I)(‘ i oll:i&c. condifion7. ‘I hc ililti~c~lty IO rl~vrloJ> t)ic ix~.conil 
ill~lrufll(‘rlt;lii(lll 31x1 the nt~rl to underit~~~d ltii, protx~liics of Lticsc: phi,- 
twmii!cd hww lrd io the inslnllalio~~ of :I stw~t br:~n~ l,nc after tt,c 
f!lln fol- bC:im rllm~llrcrnmi~ and ii~‘;lliltllrlll;llioll ir,+5 ‘T’hr ;rssrnll>t~: 
rv:~powtir)n I.hwnlwr. I)(‘ plm and irir(rllrnl,nt:itli,11 hrarn tin? has bcr-1~ 
pivcn the IIR~IC vf I)(‘ tc~t bench. 

2. I)rsrriptiou of thr I)<’ Trrt I3rnrh 

/%c ,‘?cpuorim ~?iU!7!i/,‘l 

We siartcd with a simplified pfqxr:&on ctlamhw to achir>- crapornlioll 
of ctzium antinwnide photoc;rlhodc~ ‘l‘h wayoralion was dorw at 
nmhirni tcnqvra~ure and only the thicknw of cxqxxatcd lasers ~;l’i 
rncawrcd I hc preparation chanibcr \vas cquippctl with: - 3 rvapora. 
tom B transfix arm for iosrrtion and r-moval of the cathode in the 
IX‘ gut1 - B thickness monitor ~ a rcmovnhlr shutter which shictdr 
thr: cathode frow rhc cvapamiors 
a IirniL prcssurc of 5x10-’ .I’ 

a 7’acuurn pumpmg 8) stern giving 
on and a dynamic pressurr of appmx. 

lx IO ’ ‘t’olr dilrirli! ttw i’: aporati~~n procw. 

Ilecrnil:< 111(, Ixcpara1irm < hnmlrcr ha? bcct~ uJ~gr.~drd and the folttr:~;itl~: 
fk3tur-c~ in1 rtduced : - quantum cflicirnq control durin!: the cv:+pola- 
lion prrwrs% (Ihe calllixtc ii illuminatvit by the pr~tsed cxcinwr t:*s(~r :~r,,il 
lhc phc~loemisci\r current is nwacured) - nr~v yumping qslcm, in 
ultr8 high vacuum range, giviq a dynamic prcswrc of apprc~x. IO 8 
‘l’oi-r hrirlf 11~ cvaporalion prorev conlrotlcJ heating system 1<‘ 
prcparr mrd~~atk:din~~ catln)drr ,md cleaning \ys!vln for rrctallic t~t~~~1~~ 
ca~hodcs xc nol 4~1 installctl. 

Thr pm rwsi7ls of Iwo para!lel pl:rrr~ wpar:~tctt by a gal7 nf 1 cm antI 
suhmittcd to a diffcwnce of potential of about 80 kV (a I>(‘ tirld ol 
8 MV,irn) ‘7%~ ~caihode Ilosts the photoemissiw disk of 12 mm dialnc- 
trr. the am& bar a holr of I6 mm di;m~rlvr for the transrni~:ir?n of the 
clcctron and lasc1- hrarns. The parallel tda(c~ grornewy ha:; bren chosrn 

tu tinvr ihc n13xiltlurrl tick1 at the cathxlc (Tar a givrn gall x~oltag.~:) :mil 
to adhe it maximum current density. 

The beam line 
‘The focusing is providrd by air-co&d coils: thrre in the initial lay-OUI, 
increased to four lo improve the beam current trasmission. For clcctrons 
with an energy of 80 kcV, focal lengths of 10 cm can br achiwcd with 
about 2 Amps circulating in the cods. ‘l’hr first solenoid has an asym- 
metric shielding. wiCh a small aperture t.65 mm1 on the cathode side. so 
a8 to minimi7r thr magnetic field at the cathode. 
‘l‘h(~ intensity and the tongiludinal proJilc of the clcctron twun arc mea- 
surcd by a Wall (‘urrcnl Monitor (W~nl) af the starting of fhe beam 
line, a special tumincscwl screen with a high reflectivity in the i!V range 
is used for first adjustments and image analysis <and at the cnci of thr 
beam line, charge measurements are rnadc with a faraday cup. 

Table 1 gives the parameters of the gun and solenoids, Figure I shows 
the lay-out of the bench 

7’ahk I 
C?.III nnd Sol~~noid5 I’;~amctcrs 

Gap I 

Gap voll:lg’! ‘(II 

C‘athode radiu5 4 I f~,,>ax,I,,,, 1 + (1‘7 ‘4 r (c;:iw?:A) I (rrn)“‘” 
! 135 I 5.8 

74,s 1 9.7 
74.5 9.7 

cm 
kV 
m,i, 

Nomin;it Ot>lir:s 

3. Computation of the optics in the gun and in the beam line 

‘I hr beam trajectories in the test lint have been stud& [3] wi!h the help 
of three computer codes: the well known E(ilJN [4], written at SI,ACY, 
plus two home written programs, SOLOPT and PARASIAI.. EGlJN 
simulates the dynamics in the gun, SOI.OP’I‘ follows the clcctrons in the 
transport line after the accelerating gap using thr reds nf IiGLN; 

PAIIAXIAI, reconstructs the dynamics on the whole line but in a 

rougher approximation ins& the gun. 

We shalt rapidly pass through the approximations introduced in each of 
thrsr two approaches, discuss their consistency and thr apreemrnt with 
the mcasuremcmts done until now on the line. 



For the computation of the hcam optic? a continuous heatn is cowid- 
ered. composed of part~lcs with zru kinetic energy at the cnthodr I’hc 
first appronirnatii~l~ ir justified by ihc ohscrv:ilior that the triwil iimc 
through the pap for 80 kV is about 120 ps after a transient of about tlh 

time stalionar:; ccwditionF arc inst:rl!ed and only lhc transverse dynamicc 
have to hc calculated The length of IIX- shortcut hnnchcs forrscw iti the 
device is at the limit of wlitlity of this hyputhrsis nnd some calcr~lniiorl< 
with a more so~lri5ti;;ltcd code arc required l’Rl,~[\l [S] intugratcq lllc 
rquaticms of motion in time domnin fw plrr5 of finilc lenqih Rrtnnirlg 
this code it has hcrn found that pulse? with a charpc of 0 3 I)(: :und 
length 30 ps ctili f~illw it3 fcwt! q7proximatirll tlir c!y!lamiis of ;I conlin- 
uws hram wirh 10 A rurrcnt ‘I hc srco~rd nppr~xirtiation nclrlccts the 
small thrnnel cpti’ I(! oi 1 c!clciriri. 

In F’igurc 2 the behavior of the hcanl, as c:~lcul,~tsd \r.itll II(;I’Y. ir 
shown for a currc-,,t of 1 Amp ‘l’hc twmdary surfacrs, the tracks vf 23 
macrnpzvtic!cs and th? cquipotcntial lines in the gap wc plotted ‘l‘he big 
heam divcrgcnce ;rtic, thr :motle (ahcmt I.\,) mrxl fat- Ihr most cxtrrnal 
trajccta,y) is dw m,ainly to the dcfocnring rf!‘cct induced by the clcctro- 
static 1rns rreatd hy thr holr in the onodr: fvr a flat cathode, in lhc 
app*cbxim;rticir <)f an accclcrating !iAl gome stcr)-ri ice I0 Jr,0 :d :hL’ 
:+not!c w&cc, the fbcai Icngth of thi? clcc(ro:talic Icns i5 approxirnatr!) 
four tirnt5 the g:rp ‘WC corrcsporkhg bcarn divergrncr at the anode exit 
bar to 1~ compm~~?rtl h;; :L sr!ltwni~! sitllatcd a . ilrw 2s possible lo thr 
cathc~tlc; it5 I~ngitl~dinal lield is plottct! ITjprc 2 ‘I‘hc yhicldinf on the 
c;~:l~odc side of th: wlerloid ~lccrca~s tllc mngnrtlc- fi~~l~l at Ille c,lth(>Jc 
imprcn ing Ihc focllsitlg effect of :\!I the followitlg svlcnoidc 

II CRII bc shmvn Lo] that in the wry idcal cast of :I porn-like sou*cr fo- 
lowrd hy I~ncar Irnws, the motiotl is Inminar c~cryhrrr rzrrpt in th< 
images of ttic soutcc \Vith laniinar motion wc *nCii!l that for C~lCh \‘3111C 
of the !on@uJinnl coordinatc I the di\crgncr (Ii-id? is a rrnivalucd f~iw- 
lion of the prticlv rli\placrmc‘llt fr;lm the axic r A5 ;I corl?C<jll?nCC ltl< 
most exttmx~l tt-njrctoQ lies on the rnb~‘lopr and is cllhmiltid 111 3 %I).%<’ 
chalgc rad.il f(~lw I’ 

1 v-c- 
27lF,,PC r,f2 

where I is the he;tr~~ current. e is the electron chnrgc. p and i 31~ the rcI:~- 
tivistic paramctcrr r. ;~nd c have the usu:~I meaning, both thr c4ectrort:It. 
ic and the magnetic cffrrts arc t:ikcn inlo wc~mnt The t:(;1’N orltprlt~ 
have confirmed itat 111:. rmittanrr of the hcam yrod~wd ty tllr vuri ic 
‘illl~ill and fll<, lanllndl a~~j~r~~xlrl~.~tror~ (q&z well fulfili:c! il- ihe gun) ;;11i 
hr used for an rztirnntipn of the space c!~rgc forrr in thr lilllowing br:un 
line 

I’hc optics ill t:rhlc I (rcrlcnnids pc7silicwr ;and ~u~wnts for I Amp hcnm 
current 1. chclvn 3s th:. nomiu,tl one, hm twn calru!atcYl \\illl p,c~d 
agreement hetuwn I’ARAXIAI and SOI Ol”l’ (ahout 19b in lhc opli- 
mum solenoid currents). 
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Figure 2: ‘Ihe cathode for a current of 1 Amp 
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4. ‘l‘hr I’irola law system 

‘1‘11~ lacer system ronsisli of B ITO 111.1 cx~~imrt. laser. pulsr dr!r:~tiiw I F ns, 
which pumps scvcral dye lasers. 
Currant work in the law arw cc~t~rnv the vcrificati~~l~ of ttic pul.cc 
shortening lechniqw known as tail qurnchiq, \vhich will prwicic I\N 
short pulsc~ needed lo invcstigntc the plwtoc;lthr:tlcs 
For this. the output of the pump 1:tsct. is Ibcu~%.A hy a i.)lin~ll.i( ;a1 I:nli Ill 
a fine line in a dyr cell. \Vhctl thr IaGng thrP4wltl of ihe dy is cxc~4cd, 
Ii&t is emitted along the axis in hot11 dil-cctirns ‘I he puI’;i’; now h:aw :\ 
1errph of 4 nc. ‘l’he rclcrsr pr1lv i? r4lc~r-ii.d lwk Iill<) lliC dye ccl1 :,t :ln 
angle slightly off the original axis Ihis C:IUI-cs thr rcmaini2~ rrwg.5 it, the 
dyr 11) br u4rd m 3 pulhc :I!ig,,cd 10 this new ;3G 
‘l‘hc effect xwl on the ic~rwxd pulse is thn: thr 1:rsing action stxts am! is 
ciuickly qucnchcd. piving a c!r,r:dirm of /IV’ p<. \vhi(,h ,,wy i!wn lw n,r,il:i- 
tird 

5. I’rvlimi,~ar\- results 

li!vrr,: i1prri I 1 (‘I i~<‘<ll’/~‘l 
()*l~s tlx lint 118~1 Occn :~5rruitllcil ;a11 t’\I~r~ilr:~~tit :i’.i\ !~C’.i;lilIlI~(l (0 \i’l-if> 
thr hzarn op1irC c:~!culations. in ~UIICU!;U m thr gun rrporl At low cur- 
~cftt (5 mA), to awid spai-c ch:11gr 1711l\i Ilj) of thr hr:w. xc tilr.rlc.~i vii 
a!! th: wIc,,i,id~ lx,1 11,~ iirst Thr cur,c,~l 01 (hi< wirnoiil h ,,i trw,, t1,nc.l 
to compcn~nt~ the ~lrfvo,~i,,!! of llw c.l!x9,~)cl:,li(’ lr,t~ and to fvcali/r the 
br:m on It,<, lurnlllchrcnt %‘,<‘11 !~~<~:!1<11 I x.4 l”,,, :iw:iy from the < X111- 
o&- ‘l’lw long arm hetswtl rolcrwi,! :.rld screen gives R good scnsitivit) 
to iii,. mwwre vf the wlcw~id i‘urfcnt that gcnrrAo thr mimmlltll rpol 
si7c. A wluc of 17:k.l ij II;,< fu,md tllc un~wt;Git~ corninp ,I1:,inlx 
frcw tlw cv:il,,;rtiw of thr fwwini: c.onrlit,o,i ,>n Ihr wwn I lw ( ,i,il. 
p~~lali:~ns prvc 9 solenoid c~rrcnl of I ?.x I 

A si~c,wd ctwfiimalic~,, li~~~,ril 1s !liC \.:,lI.c of il,r ll,ilY,,li’l1l, , 11111’111 
:l!l<~\\Ttl by sp;w Alrg” ‘l‘h(~ < IJf’r~‘Ilt fhbil+! fiO,ll IiK c;ttti\rdr i’. ll!,liiC~i 
by the cllnrpc- of tt,c ;hw~ly crriittcd plrtirlrs I:OI R crrl~i~i ~,,II,K of i (11 
rrnt this charge cc~,npl:tc!y shields the acrclcr;Uir~g wlt:,p. I;or our 
gcomctry, a voltngc of 70 kV ~,,d :I,, c,nitti,,g SII,TWC of 4 mm dianrtr, 
(the laser spot six), thy m~~ximum rurrrnt prrdiclcd hy I:(;! IN 10 ,c:rll 
the Wall (‘nrrcnt Monitor is I I A in gooJ agrrcmrnt with the ruprri- 
mc.ntnl rcwi1ts 

ij nrn opiie h,ir 11~1 lwil <~;tlculatcd 10 i~,lly i,;i,,w,it thr br.ini to !IK 
far:id.l) rrp A f;liirtli vlrtloid 11aY t-twl irttliirluc~4 :r~~i t1.i. Iw~iti,>rt 1.C 
the other? h:is Flightly changxrl ‘II,+ ,IL’~L lay-k>iit ic implr.mcntrd rim! 
trstct1 at low hram c11rrcnt 
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Laser hem : X = 266 nm : * = 651 mm ; W : F. 4i U.1 

: Pulse width 10 ns %WHM 
Cathode : stainless substrate ; Q = 12 mm 
Curve 1 : 68 nm of Cs deposited above 6 nm of Sb 
Curve 2 : 6 nm of Sb deposited above 65 nm of Cs 

F@IF .?: QF, versus timr at low cuncnl 
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Mu somt7 tcsls ivith a hydrogen Limp \vc used 3 Ntl:I’A( i litscr with a 
frequency qwdruplcr for the light source ‘I’hr ccplium antimonidr c;\ill- 
ode v+xs prrparctl 171 according to the stoichicvnrtrir ratio ~)f (‘s,Sh with 
hum of antimony dPpo+*d on the stainless suhslralc at a mran rate of 
Ilhnrrm,‘Y antI Ah f#nrn of crsium ric:pcl\itcd on ihc antmtony ;d tlr<. 

to-.2 --- i v-1 /, ,,r 

i-3: 

----+- --- --‘).,, 

1c- 8 L 

tc-;,j, I I , I A4 ~. 1 ..im..L.J di --I-. 1 1.1 
r- Rh Dhotona 

I.ASPT healn : X = 266 nm ; Il’i,v/) 2 0 75x1(1 ‘S~.%‘,,,‘I,,<,nr 

Cathode 
Curve 1 
Curve 2 
Curve 3 
Curve 4 
Curve 5 
Curve 6 

: * = 421 mm; Fulse width 10 11s FWlIM 
: stainless substrate ; P = 1.2 mm 

68 nm of Cs above 6 nm of Sb after 2 II 
68 nm of Cs above 6 “In of Sb after 250 h 

6 nm of Sb above 68 cur of Cs 
CsT cathode , thicknnss = 35C nm 
Yttrium ) = 8.5 mm, Lhicknrss = 0.25 mm 
Stainless stnr.1 

I ‘irpr <~ 2 (!I* icrsuc nurnhcr (11 photoii< 

r.aser beam : 1. = 266 nm ; II (WI) cz 0 75x1!) ‘J~A’6~hn,~o, 

: + = 4+1 mm; Pulse widt.h 10 ns FWfIM 
Cathode : stainless substrate ; I = 12 mm 
Curve 1 : 68 nm of Cs above 6 nm of Sh after 2 h 
Curve 2 : 68 nm of Cs above 6 nm of Sb after 250 h 
Curve 3 : 6 nm of Sb above 68 nm of Cs 
Curve. 4 : CsI cathode , thickness = 350 nm 
Curve 5 : Yttrium * = 8.5 mm, thickness = G.25 mm 

l~‘i~U? c .i’ pd CUrWIlt “CPU5 IlUIlthCr of ~‘h0tonr 

mean rate of 0.24mnis. The electrons crratcd ~erc accclernted to 70 keV 
and measured with the W(ZM. IFigure D curve 1 gives the life time of 
this photocathodr at low currrnt (from I mA to 60 m/l\. 

‘I’hc mzlximurn current oht:lined \hias limited to 12 ;unps by the txr- 
vcnnce of the gun for a laser bcnm diamctcr of about 4 mm I’he scc- 
and photocathode was prepared in the s,amc manner hut by depositing 
at t?rTt Sb ‘l’hc qusntum efficiency -. dcIini:tl it\ the ratio of lh:: n!nntvr 
nf clcctrons measured at the exit of fhr gun over the number of incident 
photons on the cathode rcrriaim conshnt in lime, hut is Iowrr than 

the minimum quantum cflicirncy obtamcd with the first cathodr (I$urc 
3 curve 2) ‘he accuracy of mensurrmCnt of the qu:mtum c+licicncy is 
not better than +30% 

WC also have tried some othrr photocmissivc mntcrial? tikc ccsium 
iodine (050 nm of (‘~1 according tu [RI) and metals (Yttrium and Samar- 
ium), ‘I’hcsc cathodes were prepared outside the preparation chamber end 
consequently no optimum surface conditions wire achivcd. Pigurc 4 and 
Pigure 5 give for some cathodes, resprctivcly. the quantum eff~cirncy 
and the peak current versus the number of photons. 

6. Future plans 

‘I he first priority is to improve the accuracy of the mcasurcmrr~ts and 
ilcvrlo~ nw Ix-am monitors for the ranpc of IO to It!0 ps pulcc width 

With the modilicd prcparaiiori ch:trnbir a numhcr 01 classic;d photocath- 
odes wdl bc made and teztcd in thr I)(‘ gun. I1y alternating deposition 
of Sb and C‘s at I St) ‘(‘ and hy monitoring the photocmission during tlrc 
prrxess I~C oxpcct to make some phot~?~misG~-c surfaces with a high 
quantum cfticicncy. \+‘e then will try to hilt1 cathodes \vith life tirnvs 

Ionpr then the (‘s,Sb ones. I’nlfiling from cxpcricncrs gained clccuphcrr 
\vc shall makr multinlkalidcs; K,(:sSb and othcry I’hc qwllili of tllc 

pholvc:lthodcs dclxnds I;vgcl> on thr vacuum pressure ol-tairicd in the 
cv;y7c~ralion rhunhrr during thr process mil in lhc IX‘ prun dllring tlic 

triting.Wc cxprit lo 11:1vc ;a prmsurr of IO q ‘I or, at k-art Anotl1cr cw;>- 

trrzltivn cllamhrr will hr rcv~\tructetl to nrhlc~r lo\vcr prcrsurcs and to 
provide hrltrr rv:lporation cttnditiixls. 

‘I hc III’ girl undrr consttirrtion v.ill l>c ready for trsting this summer. 
A\\:liting the cystmm xvhich \vill permit to transfer uridcr \~;~cuum a pho- 
tocmissivc cathode made in the prcpsration chamber into the RI: gun, 
wrc atill rrly on mclallir phr~lr)~:~thodcs such as ‘I-ttriurn and Snmnrium 
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