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Summary 

As part of the program to increase the 
beam cu rrent f r or.! the SIN 590 14eV p r ot on ri ng 
mach i ne, a new in jector system based on a 
72 MeY i soch r onous rin g cyclotron is be in g 
bu ilt. 

Comniss ioning of the B60 keY p r e - inje ctor 
for the 72 11eV machine has started. This 
p re - accelerator i s of the Cockc r of t - Walton 
type consisting of a 900 kV, 30 rnA d .c. 
ge nerator, a hi gh voltage dOILe housing an ion 
sou rce \-lith a 60 keY beam line, and a SF6 in 
su l a ted accele r at i on tube. Details of t he de
s i gn and initial ope ratin g experience will be 
p r esented. 

I nt roducti on 

The new injector l , 2 fo r the SI~ 590 NeV 
proton ring cyclotron consists of a 860 keY 
Cockcroft - Walton p re -i njector and a 72 MeV 
isochronous ring cy clotron . Ths pap er des 
cribes the pre - in ject or as built , and is a 
mo dified version of an ear lier des i gn 3 . The 
p re-inject or cons i sts of a 60 keY i on sou r ce , 
a 3 m lon g beam transfer line and an accelera
tion tube . It has be en designed to deliver an 
860 keY , 20 rnA d . c . p roton ceum with a 
6E/E~ 1 0** -4 and a normalized em ittance of 
less than l1xO . 5 mm mrad. A 15 rnA d . c . 
proton beam is r equi red from the pre - injector 
to produce a 1 . 5 .mA beam at 72 NeV. A general 
view of the p re - in je c to r is shown in fig . 1 . 

Ion Source and Beam Transfe r 1ine 

The ion source is of the Dulti - cusp type 
with a four - electrode extract i on system (fig. 
2) . It i s based on a des i ,sn by A.J .1 . iIoll[.es 
et a1. 4 . Figure) shows the beaD envelopes 
from the exit of the ion sou rce to the exit of 
the acceleration tube including the first 4 m 
of the ~ 2 0 m long B60 keY transfer line to the 
72 NeV ring n;achine. For this calculat i on the 
beam was as sumed to be fully space cha r ee neu 
t r a lized e xcept in the acceleration tube, 
where a cu rrent of 10 mA was cons i de re d . The 
be am envelopes were calculated usi ng a modi 
fied ve r sion of the TRAjSPORT code which t r e 
a t s trans verse space charge effects an d the 
acceleration5 , 6,7 . A pair of 12 em diameter 
solenoids (I;IV B1,2 ) a lloYI the cleaning of the 
paras itics f rom the beam by fo cussing the pro 
tons through a small iri s diaph r agm (I:V2) 
which then s top s most of the ;[2 and i[3 TLe 
beam current may be chan ged either by varying 
the diameter of a second diaph r aClJ1 installed 
between the tw o solen oids (KV 1 ) , thus leavin c 
the ion sou rce parameters unchan Ged , or ty 
varying the ext r act ion voltaGe of the ion 
source . The beam transfer line between ion 
source and ac cele r ation tube is illust ra ted in 
fig. 4. 

Acceleration St ructure 

The a ccelerat ion structure is sh0\1 n sche
mat ically in fig. 5. The design has been 
based on that for s i milar st ructures already 
in ope r ation at ~ANPF8 .It consists of a 72 cm 
long constant gradient tube lE~ 13 kV/cm ) en
closed ln a 3 m long ac rylic jacket filled 
with SF 6 at a t mosphe ric pressure . The tube is 

made up from Ti tanium rings brazed to 94; Alu 
mina ceramic spacers (fi g. 6). 'lhe shape of 
the ce r amic ri ngs \;as chosen follOl/ine the 
work of J oy9. A measure of p rote ction for the 
ceramic r ings f r om be in g s truck by char ge par 
ticles and X-rays is obtai ned by uSin£ ma8 -
sive, saucer - shaped stainless steel accele ra
tion electrodes10 . The S:UAC code11 Vias us ed to 
calculate the potential di s tributi on for the 
relevant regions of the accele ration s tructure 
(figs. 7,8 , 9) . F i g . 10 shows a p i ctu re of the 
complete s tructure . 

One 2000 l is turbo mole cu lar pump i s used 
t o pump the accelerati on tube. The p res su r e 
at the entrance and exit of the tube is le ss 
t han 10** - 7 To r r and with a t ypical H2 gas 
load of 5 cc/min (S .T. P. ) at the ion source , 
1.5xl0** - 5 and lxl 0* *- 6 Torr (lJ2 corrected) 
res pective ly. The acceleration tube was 
b r ought to 850 kV usin g the foll owing p r oce 
dure. The acceleration gaps were first 
brought one by one to the voltage breakdo;[n of 
the spark e;ap s (about 62 kV) . thi s took les s 
than 10 min per cap , after which it took less 
than 30 min to brin g the who le tube to the 
full voltaGe . The voltage bre akd ol'ln r ate 
aft er intermittent ope rati on for a feVi weeks, 
is les s than 1 per 8 hours . ;io X- rays have 
bee n detected with a counter located ou t side 
the Par aday cage near the end of the acce l e r a 
t i on structure. 

Initial Ope rating Results 

The ion source para~et e rs have been op 
timized for low beam cu rr e nt operation which 
i s requ ired for t he commi ssioning of the 
72 KeV r ing machine . In parti cula r , ope r at ion 
of the sou r ce has been restricted to voltages 
below 40 kV . At 31 kV a tota l bean; cu rrent of 
17 rnA has bee n ext ract ed f r om a 7 mm diameter 
ape rture with a p roton conte nt of about 30~ . 
The arc cur rent was 20 A. The arc voltage was 
kept at ~80 V by va rying the heat i nc current 
of the fila ment (sta rtin g a t ~75 A for a 
1. 5 mm dia . , l Oco lon g 'l'antalufll \dire). :l'he 
Ill? flow was 5 cc/min (S . ~ . P . ) and the p ressu r e 

1'1 the arc chambe r of ~ 1 2 rr"~o rr . 

FiGure 11 sho\ds particle trajectories 
froD th e ion source , calculated using the 
AXCEL co del2 . Good agr eement i s found between 
the results of this calculation and the meas 
ured beam p r ope rti es if an ion current density 
of 45 mA /cIL2 and an i on t empe rature of 0 . 6 eV 
a r e used . The beam emittance has been comput 
ed f r om meas ured beaIL p r ofile wi~ths at 31 keV 
with . the p r ogr aD lRA~SP0Rr- SI~ and by using a 
tomographic method 13 , 14at 380 keV (figs . 
12 a , b) . Both methods agr eed Vlithin 20; . The 
no r mal i zed emittance was f ound to be 
l1 xO.35 mrh mrad for approxirr.utely ':JO; ~ of the 
beam . 

A 1 rnA d . c . proton beam Has acce lera ted 
to 860 keV for the fir st time in Decembe r 
1983 . Since then the be a m has be en used for 
commissi on in g work on the 860 keY beam line 
and the 72 r:'eV cyclotron . Th e volt ae;e breaic
down rate is less than 2 pe r sh if t at the pre 
sent operati ng intens i ties of a few ~illiam
peres. The ;{ - ray level i£l ~3 . 5 rlil/h/w" rr.eUJ 
ured at the exit of the Dcce lera tion struc
ture. The s et - up takes ty pically 1 hou r. 
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:r'~g._I~~ 860 keY pre-injector. The high voltage power sup
~ a 900 kV, 30 rnA symmetri c cascade Generator. A 
0.05~ precision ohmic-capacitive high voltage divider, en
sures a long term voltage s tabil i ty of better than 1 part 
in 10**-4. Power for the dome i s Gup plied via two 450 kV 
insulated 50 kVA trans f orme r s c on nec t e d in series. The 
total capacitance between dome and Gr ound is 2.4 nF. A 
CAMAC based system utili z ing a 1 MHz driven fibre-optic 
link between ion source p ot ential a nd dome, and a laser 
link be tween do me potential a nd gr oun d is used for data 
a cquisition a nd the trans mi ss i on of control information. 
Heat generated in the do me is ca rried to "ground poten
ti a l" via a closed liqui d "FREON TF" circuit. A 
scissors-type lifting pla tf orm provides access to the 
dome. Only temperature c ontrol {of ±1 DC } is maintained 
in the Cockcroft-Vialton room. 

~ Schematic view of the ion aource. The filament 
power supply ie voltage regulated. The source operates 
with one filament at the time. A polarity switch has been 
provided in order to extend their life time. The arc p.s. 
is current regulated. It is connected to the ion source 
via a fast electronic switch . This device allows the 
pulsing of the arc between 1 Hz and a few kHz with duty 
factors between 1. and 100.. It will be uDed to vary the 
average current during beam set-up. It can also be used 
to switch off the beam when a machine interlock condition 
arises since the quenching time of the arc is leaa than 
10 us. 
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~ Calculated beam envelopes from the exit of the ion 
source to the exit of the acceleration tube including the 
first 4 m of the =20 m long 860 keY transfer line. The 
initial beam conditions assumed here are: Xo=Yo=2.1 mm 
and Xo'=Y o l=15.8 mrad. The effective lencth of the sole
noids is 18.5 em. MVP's are calorimetric beam profile 
monitors. MWP's are current b.p.m .. BVil is a 15 kW beam 
stopper. 

ri~_4 : The 60 keV beam transfer line. With a typical 
rr;-rrow of 5 cc/min (S.T.P.) at the ion source the average 
pressure in the beam line is 2x10·*-5 Torr. The collima
tors KV3 and KV4 protect the acceleration tube electrodes 
from direct beam impact. 
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~ 
ACCElE~ATlNG TUBE o SOcm 

~ Schematic view of the acceleration structure. The 
~m potential divider is constructed from three par
allel r esistor chains. Each acceleration electrode is 
connected to the re s istor chains via 2 spokes which follow 
closely the calculated equipotential lines (Fig. 9). 
Three spark gap chains (hemispheres o~ 20 mm radius ) are 
set for a voltage breakdown of 62±1 kYat the operating 
atmospheric pres sure of 7 30±20 mmHg. The acceleration 
tube can be re moved through the access port. 

@ SOkV 

'''''I 

OkV 

. 0 

G 
BEAM 

~ Schematic view of the end portion of the accelera
tlon tube. Based on pra ctical conSiderations, the tube is 
made up from three identical s ections jo ined together with 
metal 11 0 " ring seals. The 1 2 em inner diameter stainless 
steel acceleration electrodes a r e spring clamped to the 
Titanium rings for easy remo val. The electron trap assem
bly can be removed with out dismountin£ the acceleration 
structu re. 

~ Potential di s tributi on between adjace nt a ccele r a 
~lectrodes. The maximum electric fi eld in this con 
figuration Is 34.9 kY/cm . 

o 10cm 

~ Potential dist ribution for the acceleration tube. 
'T'Ti"eStructure calculated includes all relevant r egions 
(i. e. entr~nce, adjace nt ~ections and exit with the ele c 
tron trap ele ct rode ) . T he potent i al distribution along 
the axis fo r the en t ire tube was used in the calculation 
of the beam envelopes shown in fig . 3. 

~ Potential dis tri bution in the SFs filled volume of 
~eleration structure. 

Fig. 10: Photograph of the acce l e rat ion structu re. 

o 5 10 [mm] 

Fig. 11: Computed i on trajectories and equipotential. 
the extraction geometry used in the ion source . 
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FI ~. 12a: Current dist r i 
bu ion in the (x,x') 
phase space of a 380 keY 
~roton beam. The dis tri
bu ti on i s re co nstructed 
from beam pro fi1es meas
ured at th r ee di f ferent 
locations (MWP 1 . 3 .5 i n 
Fi.; . 0) . The r eS i duals 
112 and II) ions may con
t ribu t e to the f o rmat ion 
of the "halo". 
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Fig. 12b: Con tour-d iagr am of the (x,x') dist ribution of 
fig. 12a showin G emittance values for gi ven beam percen
t ~Les • 
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