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i\vailability and . f I u5e u ness of accelerators is greatly de- 

pendent on n,ac h, fr,, ine c , c,ency. R.l f I esearc I must 0~11s on PSS 

expensive, more compact awe erators 1 wt 1 1 brighter beams. To 

achieve this goal for H ion sources, TAC has optimized the 

present Brookhaven ACS source[ I] Ear use with their RE‘Q IX<‘- 

gra I,,. The TAC SI~ITCC incorporate-s an extrac.tic>n systrm wrt 1 I 

a rirru ar apertuw w llc 1 provl I I.1 ,d es an azimut la I II y s)-mnLctric 
beam. The complete system has been sinlpli6ed including re- 

mova lfh d. o t e gra lent bending magnet foltn( I in ronvrntirma I 

sources of this typr. This source will soon Le comLinrd u+tL 

an e ertrostatic I I ow energy beam transport (LEB’I). This Al 

create a simpler and more compact H- ion Source and beam 

transport system than is presently available. 

L. IIltr_o&lc~;on 

The Texas Arcr&rator C ‘enter is c osc to t me colnp e- 1 I 1 

tion of a new surfaw plasma, magnetron B- ion sourw. This 

sourw incorporates a vsium coat?< 1 rathode to c&,l.e II 

generation and sh<,,lld deliver very Lright IOOtl~A pulses <,f II 

at 30 ke\‘. T’h c extraction or t us 1on sourw was optimisw f 1.. I 11% 

ing t le 1011 source 1 cot e I BE,Ahl[2 ‘l’hts 11 IwaI,, will I)<, p1,1v,,l 

at 15 hertz wit I, ,“‘lS“ lengths from 50 I(111 ,,... I~;~lLw ilie “1, 
ion source w’ will 1 crslgn a low rnvrgy lwam transport( l,l’:lI I ) 

sl-stem. Inrorpr,rati~~n 0 f I an c’ rrtrostatir transport s)st(‘Ili as 

I,ppOSe d to a magnetic system in t It,s space rlarge neutra - h.b. 1 I 

ization due to positively charging the background gas. This 

romplrte project of the TAC ffm ion source/I,EBT (TIIISL) 

shol4d be operat ional by s~mrner 1989. 

II. Ion Sowx Design 

LD egn_paxa~neteE 

Th e most important parameters f or extraction of the 

b earn I are s ~nwn in figure 1. Most of these paranv-trrs arr 

eit h et‘ nuri-critica 1 or can be optimized directly with BEAI\I. 
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Figure 1. I on source extraction parameters 

The surface of the cathod? has a spherical dimple which 

works lik e a concave mirror to ecus t e su* ace create l h f d I{- 

ions towar d s the extraction aputure. The efferts of the plasnla 

Ming this & 1 mp e are un rtcnvn at t 16 point. k h, \\‘e will be using 

at lrast two different (Ijmplc depths to study this effect. If the 

PI asma will adequately fll into a deeper chmplr, one could in 

principle increase the extracted beam f or a given arc current. 

The magnetron’s magnratic Geld was previ~~lrsly created 

by pole tips exten d, Ing out Gem a bending magnet. In t.his 

design the b en Ing magnet was remove< d’ 1 k, ma mg it nrcessar! 

to use permanent magnds or t e magnetron f h field. The &Id 

from these magnets cause a slight 1 xv ing 0 the pv-~~t I ar-l~>< d f 

beam. In order to correct for this bending. thv vat l)o<l~~ (llll/ill~ 

is s Lg t y 0 set rom t e extraction axis l.hl ff f h by a dist anvra Ed. ‘I’l,is 

offset is related t,o th e average cyc otron ra I d, Fh. lus 0 t e Ions an d 

to the distance from the cathode to the extraction aperture. 

This bending field also helps deflect the exiting elwtrons Gem 

b. ring extract? d into the next stage o f h t e system 

--__--____~--- 
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Anoth er problem to be addressed is that of extracting 

e ectrons. 1 By increasing the anode cover offset(o+a) the ex- 

tracted electron current is dwreased. -The extracted electrons 

can etch th e components involved and change their dimensions. 

This also ui 11 decrease the ion current extracte dd d UC to estrur- 

tive collisions of the ions w u e traversing the plasma. from the 

cathode to th xit aper,,::! 

rent constant:vIe will 

Keeping the desired beam cur- 

use different arc currents to test difier- 

ent offsets. This increase in arc current will reduce the beam 

brightness, b u increase t t h c extraction d imension’s lifetime. 

B. Computer simulations. 

b2ost of the angles and distances from the anode rover to 

the exit of the source were optimized using BEAM. This also 

included the anode cover offset as discussed abow. Two de- 

signs were analyzed and their parameters for 95% of the beam 

at 8mm fr om t e ex rat Ion cone tip are s h t t’ h own in ta ble I. The 

first design \vas b asec on t c 1 h 1 warn current trnsity t lat ~:a’ 1 I 

used by Brookh alen in niatc11ng t elr sonrw to 1, h. l!tI.\hl .ittw 

ulations[3]. The second design uses a 2rr’ 0 ‘n mr-rraw in cl~rrr,nt 

density to achieve a slightly brighter beam. 

Table 1. Beam Parameters 

T,4C plans to run tests at the higher current density by 

increasing the gas pressure an d the arc current. Operating 

the source in this mo d e is more expensive in input porver an d 

hydrogen, but should resu t m a 1, b righter beam. An exa.mp e o 1 f 

the optimized configuration an d tracking output from BEAM 

is shown in figure 2 for the lower current density case. 

Figure 2. Example of BEAM output 

III. LEBT Design 
A. Design parameters. 

An electrostatic LEBI‘ a.s proposed by Raparia et al.[4] 

is b elng designe d for use in the THISL projrct. This type of 

d esign has been chosen rat,her than a. magnetic design[l][5] due 

to space charge neutralization: a.nd overall length. The nor- 

mally b G 1 ff t f en? cla e cc 0 spare c h arg? neutra Ization is 1, disrup- 

tive when the rise time o f the nrutra Ization is on the or 1. d I er o 

the bea.m pulse length. Th e rise time o f h space c arge neutra 1 

ization 1 c ~creaseb wit h increasing background gas pressure and 

is non-negligible within our operating regime. I n sue h a situ- 

ation t h e transport line is undergoing a continuous change in 

its optical properties during thf full pulse length. This causes 

most of the beam to be mismatched into the next stage. 

Th 1 e e ectrostatic transport system is being designed to 

begin as c ose to the ion source extraction as pow 2. I ‘bl This 

will help to counteract the beam blow-up due to space charge. 

The focusing s>-stem ~11 b e as vacuum trans urent as posse I . .hl r. 

The lenses, a current toroid and a set 0 strering (‘Cl, c TV, f ,I ,lI lw 
immersed in a small . vacuum c h b ?, I am er. ,.I*IcF’ t 10 UIII~,III I~~I~~I~ 

and t s eering co, s are tota. ‘1 II y magnetic in natllw t ~‘1.v catl I I )I’ 

simp y 1 superimpose d upon the totally electrostatic lenses. 

B. Computer simulations. 

For the initial attempt at designing the LEBT, the com- 

puter generated beam parameters of the extracted beam were 

use d as initial inputs into the transport part of the design code 

AXCEL[G]. A pair of cinzel lenses were used as described by 

Raparia et aI.[‘]. The brightness of the beam was too high 

and we were not able to obtain focusing without first dlow- 

ing the beam to diverge w h ere the space charge forces were 

controllable. 

6a 

Figure 3. B earn radius in IIESQ transport system. 
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Another alternative has been soug h t for our pllrposrs. 

,4nalytical predictions 0 f hl, I1 a e Ica c ectrostatic quadrupule ur 

HESQ look extremely promising[l]. Unlike einzel lenses which 

h ave a second d f or er ocusing e ff 1 ect, an e ectrostatic qlla rupo e d 1 

is f&t order. Figure 3. shows a b eam entering this system an d 

subsequently being matched to an RFQ. The input beam is 

comparable to our beam at a point within the extraction cone 

of the iun source 

ni. s y s t m_me.sgIJ 

-.-.--_____~_ h 1 h A. I on s0urcc 2. ~~~ca-.~...ap~. 

The design o f the ion source portion o f TIIISL is shown 

in figure 4. Initially we shall test the system by varying the 

two extraction con tY gui-ations an d t,wo separate catho c llnp c (Id. I 

depths. The source side of the system will be connected to a 

1500 I/ t b 1 1 s ur omo ecu ar pump w h’ 1c h should maintain 5 y 10 6 

Torr wit h, In the vacuum c h b 1.1 am er Iv 11 e c)p’rating. ,\I $0 ,ii,‘- 

nectrd 1 to t Ie source r hl 1 am wr is a ow w,-lllllli /l/tit Licl, \,,I 

uum port, a quadrupn e mass spprtromrtrr port an 1 d a Iclrlrtl 

glass viewport. 
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Figure 4. THISL ion svurce design 

B. HESQ design. 

Two HESQ d es, ‘g ns are presently being cons, .d ere d. The 

first design would b e t o malt? a series of small quads, ea.ch sub- 

sequent quad rotated by a sma II fixed angle IYwm t.hf previous 

one. Each individual quad would have a slightly different field 

gradient. 

,i\nother way to ma.kr the HESQ system is shown in fgure 

5. A ceramic ro d could be imbedded with four wires in a 

helical pattern. Each alternate wire would carry the necessary 

vo tage to form the 1 qua d 1 For additional control of thp nlpo c. 

focusing strength one could h . d’ff ale I errnt, gradients by dividing 

the complete LEBT into a small number of long sections. Thr 

preliminary designs suggest that the highest voltagrs jn\-*)l\-cci 

may b e on th, order of 8000 volts. 

Figure 5. HESQ design. 
\’ Conclusions - .L--- - ----~~ 

The THISL project should prove to be a very good ion 

source/LEBT. Th e use of a pair of einz?l lenses is lmsatis- 

factory as they obvious y 1 df t e ea our purpose o f 1. prov” 1°F: an 

accelerator with as bright a beam as possible with 100 mA. 

Conwrs~ly, the HESQ .; 4Tctem w~ms tn nv~rrn~ne t 1~4~ pm I- 1 I 

1 ems an d may be easier to build. ,41so, the einzrl lenses need 

voltages on the order of the beam energy, i.e. 3Ok\‘. while thr 

HESQ voltages are much smaller. 

The complete system. from t&i= ccsium lr,l <‘I ttl t I(’ “11 I.1 1 

trance into an RFQ should turn out to be less than ti.? ,u~I a11fl 

could b e easily placed onto a 30 inch stand. 
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