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AN ELECTRON GUN FOR THE LNLS PRE-INJECTOR 
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Cx. Postal 6192 - Campinas - SP - Brazil 

Abetract 

‘vVe present results obtmd w,th UL 80 Ke\I, 1 A prak currrllt 
electrostatic electron gun developed at the Brazilmn Synchrotron 
Light Laboratory (LNL.3). A test bench for gurl charartcrization in- 
cluding gu11 emttancr: m~.ssurernmt is also dm:rlb~. 

1 Introduction 

An 80 KeV electmu gun has been developrd at I,NI,S to he used 
as an injector for the LN1.S 50 ICleV I.INAC [l]. Thr gun is a 
gridded triodc and produces 100 IIS pulsc~s of up to I .‘i A peak 
current at a ~naximum repet,ion ratr of 33 Hz. Thr cathode 
grid assemt)ly was purchasrti fw3~ It’Ihl:\(l. This is a tiispmsm 
cathode (Y815) with 0.5 (.m2 erlGt:i:lg surfxw. Th? wrami(~- 
1nrta1 weltlin~; was done with t,hcb R’loli-Mangaws prowss, dsirlg 
filler euthct.ir alloy (72% Ag\ a?‘% (k) and kovar rine;s in a 
r4:dur:ing atrnosphew ovm at tlw 111sl itutc~ of Adv~u~ced Srutlit+ 
of SBo Jos6 do5 Carr~pos. ‘I’hv cx-runic. insldatot. :ulw is ilmlia of 
Alumina 9i;‘Xm. ‘i‘llt, workii~g ;~rws,iw is 3 tilO-xrlltsar. 

2 Gun Optics 

Heat11 <>ptin sirrrrllat,ion wai ~OI.C’ wli!1 t ht~ SI,.1(‘(:IJN co~ul~ut,c~r 
cotic~ v;rittm 5y W.I%. Hc,rrrrliirl-;f~,ltIt [‘t] xii1 motlifietl I)), hl 
Srdlacck. Tlw gun was calrulattd as a tlic,tl<~. thr curwnt hr- 
ing lirnitc~d to 1 A. IClr0,rmIt~ shape wcw optilrlizc4 to get the 
smallest possit,l(~ cirGtt,ance. E’igur? t! ~1~0~3 f-Icctron trajccto- 
riel; for a X0 kr\‘. I()(! rut1 (O.OU44 ~~I’~Y\,‘! I)(,ar[!. ‘l’hcs c.altulatcG 
r.n,.s. crnit,t,ancc, is 0.99 nrnr;~.rn:ad. 13(~i~nl *.111.5. racllui allcl 
divf~g~wct~ at ,;ur. vsil iin‘ 1 .SZ rlllri ;rri~i 6 S IIII.~CI rc,sIwrt,iwl> 

3 Test Bench 

A Wst brncll was built, in ortit>r to Ir1t~i~ur~’ thi, pun oulp3t (711 
rent allcl the ~.m.s. optical paralnrtrrs (rrnittancr, radius arid 
divergence) of the rIcc.trolI lx,alll. Figure 1 shows a schernalic 
diagram of ttita tc’st stand 
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1’1gurr 2 Elcctru~l lrn~~ctc~r~rts inslOe !,hz furl I:r~er#y is 83 krV rlrsd tir.;r:Il 
~~~r*tml is l(lC rriA 

l-lc~arn curr~~111 i5 ni(~i3snid \z;itli a toroi<lnl ft,rritr, ral-r~vll, 
tralisf~~tmer and Iwiinr prolil<, piot,s arc ol)t~aiutd ivi? tl 4, Ali] 
nli1ia plal~ ai t,tlcs i*niI of t,Ilta trilrihltort lilac,. ‘l’lii~ liglkt. t,niil t,cd t,! 
thca fluorw (311 plate upon c~kctrou in~lkicl. IS 111~~1 i.:(~vml ivitlL ii 
telrvisiorl camera. Thr video signal produced by t,hc> can~ra is 
fed into the Y channel of an oscilloscopc~, whilr t,hc X c hallncl i-; 
fed with the synchronisltl (either horizcintal or vrl-tiial) signal. 
\Vt> c~a~i tllrb obtain rf~nsoui~~bly v,~>il d~+nrti px>fili5. i\ltot,b<*r 
currrlit transfornlc:r is instalIcY! I,0 rn?apurf lli(b cxrrrWl. (‘illit 
tcti t,y thcz cathod?. Ahout~ 20% of t hc, totill errlit tcic! cur:t=nl i3 
drrLim4 by t,hr grid. 

4 Optical Charact,crization Procedure 

‘l’li<L uIjlici,i: cila~ac.trriz;iti(,ll rni%l.od is l,as(,d 011 ii Giulliir c’X[x’r- 
irnrnta: set-up pmposed hj 13. Xunc: et aI[3]. 1 ‘WI irowshirldcd 
IllagIlc~lic lc11se:, ait IlhPCI t 0 ii,Cll?- ilWl Ir;:Il~pO“: :llv tJ<~nirl tu t11r. 
fluorexent plate. The first lrns (Ll) is sel. t,o gc:t the nmxirnurn 
trausnlitt,cd (‘urr<:*11, at t lL(s crrrwtit t riinstorrtwr (hl 1 ). ‘l’hr se- 
Olld lens (1,2) is then uwd Lo vary t hcs sizv uf tlw spa! iit t,lw 
profile rriollitor. 
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Figure 1: Schematic Diagram of lhe Test Stand 
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Beam sizes are recorded for various settings of L2. A corm 

puter code that solves thr r.m.s. rr~velopr equation for cyliiidri- 
tally symmetric beams is then used to find t,he three phase-space 
rllip~ pitrand,cr.s at tilt, t v:i! of i,he gr:n that fit f.!W experiment,al 
data. AII i~nportant feature of the method is that it explicitly 
takes space charge into account. 

The r.m.s. envrlope equation derived !ly Lee[4] describes 
the evolution 4,f the r.rn.8. radius of a cylindrical beam in a 
solenoidal t,ransl)ort channel. The main a.I)l)r”xiInalioIls made 
lay Lee are: 

l 11ylindrical symmetry 

l I’araxial trajectories 

0 Self-similar expansion. The shape of the current density 
prolilr is fixed its the r.rn.s. radius changes. 

For a shirld+d calhnda, the envrlopc* equation takes the fornr 
(MKS units): 

II” + ; + g ( ) 
2 
R-$O 

[I = - ed 
Is)“p:‘n?c (2) 

‘2’ l/2 I is the beam current,. /l = 5, 7 = (1 - 11 )- . rrz is the 

rlt~ctron’c r(~t, rnitss aircl J<. = ‘$ is Lhr cyclot,ron frequency 

at the point z where the iixial magnetic field is H(z). The axial 
rtlaplcl~ic- ficlc! of I,1 arltl L2 was calculated with the Poisson 
cc~lc~ [5] and r-rcasriretl wilh in IIall pwl)<,. Typical measured 
field profiles are sh0w11 in tigurc* 3. 

‘I t:rk miti;4 ~~orrlitiiinh t:,,, lj; ~itv i%hiar:c tf, iirt,r,gralo c~tuati~01 
( 1 1 arc rela.l,cd ‘UC) tlrt, bean: ellipse l~a.rarrr~Qrs b! 

Ijo = 4zti; I{; _ -.y! 
0 

Fitting of that three opt ic,al pararnclcrs (co, ire, ,&;I to the 
experirrrc~rrtal data was t1011e with tire \llNIrI’I’ package [fi] b) 
minirnktt iota wrth rtxsljcct to 1 hrw paramctc~ts of tire function 

,\? = 5 AL,, - Llc(~ol h.~Y”)12 __.--- -- ---- 
1 liroir(~“? B”, %) 

(4) 

wlu~~ N i:, the number of & sc.ttingh, IZ,,,. is the measured 
beam radius, I{,,/ = calculated beam radius. 
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Figuw 3: >~ea.cured rield profiles for varius currents in the magnetic lens. 

Figure 4: Beam current pulse. Verlical sralr = 350 IrlA/div and horizontal 
scale = 50 ns/div 

5 Results 

(iuu output rurrtd cxcewi~~~l our c~xlxvtatiorl>, tlrcs maximum 
being close to 1.7 A. All opt,ical nteasurenrents however, were 
clone wilh rrp to 100 1r1.4 beam r,urrc>nt sinc~~ tire riiCl,tancc~ t,t~~~rn 
in ctquatiorr 1 is negligible at, c~urrrnts cd’ the order of 1.0 A. 
Figure ,l ~IICIW a pholograpli 4” 1!11-, !~t~ar~i c~lrrrent pulse, 

In lipme 5 ‘iv<‘ show one of the cxperirncntal date sets for 
5il mA. The solid curve was obtairred by nurnc~rically solving 
the envelope equat.ion usin g the values of emittance, radius and 
divergence at the exit of the gun that wcrc found by minimizing 
expression 4. The fitted and theoretical values for Ib, R.‘e and 
cII arr prrsrntf4 in l.wl~!c~ 1, 

.._______. -- ---~ -____---... -.~___... .-._ 
Rc 

(mm] 
--__ 

(n2, (&I rati) 

I, = 50 IllA 

Experimental 2.0 i 0.1 -4.0 i 3.0 15.0 i 1 .o 
Theoretical 1.80 -7.5 0.992 

I,=100 rrl/\ 

Experimental 2.0 i- 0.4 3.0 2 6.0 15.0 It 2.0 
‘Theoretical 1.83 -6.8 0.989 

Table 1: ‘I’hroretical and experrrnental resrrlts 

The measured radius and divergence agree fairly well with 
those calculated by the SLACGUN code. The emittance value, 
however, is about an order of magnitude higher. This can be 
underst,ood by writing the rmittancr as t,hc sum of three terms: 

2 = ci + e; .,. $ 

where ca is the gun aberration term (i.e., the one calculated 

by SLACGIJN), tr = V, a% IS thr thermal contribution P-’ . 
and tg is the grid contribution. 

Since TV z I mm.mrad, we conclude that the grid aber- 
ration is the effect that determines the final emittance of the 
gun. 
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Figure 5: Prl~~~su~d and ralrulatrcl hrarn radius apninsr, currerlt jr) Iens Id2 
fool a fixrd value of current I” lens LI. 
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