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,,>stract Table 1. Accelerated Beams 

Tne LElL ECR ion source and nesr inJection system are 
now in regular operation with the E&Inch Cyclotron 
supplying stable, reliable heavy ion beams for both 
nuclear physics and applied research. The ions 
accelerated to date cover the mass range from nitrogen 
to xenon, and the energy range of 3 to 27 MeV/nucleon. 
Overall transmission of up to 14% from source to 
external cyclotron beam has been obtained. A beam from 
solid material, magnesium, has been used successfully 
for an experimental run. The emittance has been 
measured, at 10 kV accelerating voltage, for a variety 
of ions and has been found to vary from 1ODr mm inrad 
for the low charge states to 20~ mm mrad for high 
charge states, for about 5% of the beam. 

Introduction 

The LBL ECR ion source began test operation in 
Januz,ry 1984. A new axial injection line, which has 
improved beam optics and a much better vacuum than tne 
old axial beam line, was completed in September lY84. 
Injection tests into the 8%Inch Cyclotron beqan in 
?ctober, and reqular operation with the cyclotron 
started in Januarv 1985. Previous publications have 
described the design of the source and injection system 
and the initial source performance [l], [Zj. This 
paper describes the first operational experience and 
recent developments of the source and injection system. 

Summary of System Operation and Performance 

The ECR source, injection beam line and cyclotron 
center region have performed reliably since coming into 
regular operation in January lY85. Sixty percent of 
the cyclotron operating time since Jdnuary has been 
with the ECR source. The nuclear pnysics groups have 
already become enthusiastic users of the new ECR 
beams. Operation of the ECR source and injection beam 
line requires about 100 kU of power. In some cases, 
the ECR source allows a higher charge state to be 
accelerated than did the internal PIG source. This 
results in a lower main cyclotron field and a net power 
savinos. The lonq term stability over several days has 
been good, requiring only an occasional adjustment of 
the source. 

A list of beams which nave been dccelerdted through 
the cyclotron is shown in Table 1. The cyclotron 
external beam current includes total current on a beam 
stop and horizontal collimator, and beam on target iS 
5.30% of the total current listed, depending on 
transport collimation. The energies range from 3.5 
MeVinucleon 86Kr and 1*9X, up to 27 MeV/nucleon 
160: All use first harmonic mode except for 
40n .9+ 86Kr14+ and l*gXe*l’ beams, which 

“’ , .- 

use third harmonic. The overall transmissions range up 
to 14%. It appears that most low and medium energy 
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beams will lie in the 10-139, range after careful 
tunino. At hioh eneroies. such as 429 MeV 07+. 
transiission goes dowi to'3%. It is also low at the 
high energy end of the third harmonic mode at 5-6 
MeVinucleon. This is partly due to small orbit 
clearances and reduced axial focusing in the central 
reqion. 
injection 

More study is planned in this area. The 
is normally at 10 k'd and dee voltage is abosrt 

50 kV. Increasing injection voltage can increase 
transmission for some beams, because of emittance 
reduction, space charge effect reduction, and better 
center reaion clearance. The bunching factor, ratio of 
external cyclotron beams with buncher on and off, is 
typically 3-6, which is lower than the theoretical 
value of 8. This is partly due to space charge effects 
near the midpldne [7]. 

The ELR Source 

The testing and development of the source, which 
began test operation in January 1984, is still 
continlAing although the source is now largely dedicated 
to providing beam for the cyclotron. In its original 
configuration the second stage radial magnetic field 
was produced by a sextupole with an effective inner 
diameter of 80 mm. In June 1984 an octupole was 
installed to test the effect of using a higher 
multipole. The inner diameter of the octupole wds 94 
mm. The source performance was significantly improved 
by this change [3]. In November, with the 
collaboration of the NSCL group at Michigan State 
University, a new large sexttipole with the same inner 
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?i amete- as the octupole was installed to determine 
whether the improvelnent wds due to tne increasea 
fcha"ib$r volume or the change of multipole. Tne 
performance of tie source nrith the large serctllpole '*ai 
e3mparable to the performance with tne octupole. It 
Ipgsars tnat the increased volume in the second stage 
allows for more efficient coupling of the RF power to 
the plasma, thereby raising the average electron 
temperature. This effect may be more significant in 
the LBL ES because the operatinq frequency in the 
second stage is 6.4 GHr compared-to 8.5 GHz ;4] ano 10 
Gtiz l-51 in cttrer ES ion sources. Since reauldr 

c > d 

operation of the ECR source with the cyclotron ocgan ir, 
January 1985 we have not had time to continue the 
lnultipole tests and have been operating the source with 
the large sextupole. 

The installation in April 35 of the new first stage 
resulted in a drarratic-improvement in the performance 
of the LPL ECR. The g7+ current increased.from 4 to 
R .A and Ar14+ frown 130 to 733 nA. The new first 
stlqe made tuning the source easier and more 
re?r,Jduci>le and it improvea the long term stability. 
The source recently ran for 4 says producing SOPA of 
A$+ with no adjustment. 

In Table 2 the performance of the LBL ECR source is 
sulnmarized. 411 results are given for 12 mm analyzer 
slit Iwidths and an extraction voltage of 10 kV except 
in cases such as 180a+ where narrower analyzer 
slits were used to improve the resolution. The 
currents represent the best results taken from many 
tests. Larger currents can be attained at higher 
extraction voltage. For exarnple the current for At-O+ 
increased from 10&A at 10 kV to 14&A at 14 kV. Thib 
is dre at least in p3rt to a decrease in the transverse 
elriittance at higher voltage. Currents for fully 
stripped oxygen and neon were measured using 1% and 
?2Ne, respectively. 

With respect to operation of the source, the 
elements in T1ale 2 iali into three classes. First, 
elements available in gaseous forln present no 
pa?ticJlar problems. Generally, they are injected into 
the first stage with an appropriate mixing gas. The 
recond class are elements which occur as solids, but 
are available as gaseous compounds such as silicon and 
sulfur. The silicon beam was produced by injecting 
5ilane gas directly into the second stage of the suurce 
Nith oxygen used to maintain the first stage plasma. 
-r,is method qave snuch better results than injecting 
silane and oxygen into the first stage where tne 
silicon aooeared to deDosit on the walls of the first 
stage. S:&ilarly, the'sulfur beam was produced by 
injecting SO2 directly into the second stage while 
oxygen was supplied to the first stage. No problems 
with source contamination were observed after the 
silicon run. After the sulfur was run for 3 days, 
small ion currents of sulfur were ooserved for a few 
days, but the contamination problem was not as severe 
as in cases where SO7 was in.iected into the first 
stage [6]. 

L 

The third class of elements are the metals. Some, 
such as aluminum, were run by direct insertion into the 
Dlasma [2]. Others such as magnesium and calcium, used 
an oven. The open structure of the LBL ECR multipole 
allows for easy radial insertion of solids into the 
plasma ana it also allows for ovens to be used for 
injecting n.etal vapor beams. Staole beams of magnesiurli 
and calcium were produced with ovens for periods of 24 
hours. After running the Inagnesiurn beam for 48 hours, 
the performance with oxygen and argon was degraded. 
The rnechanisin for this is not clear since the vacuum in 
the source remained good and no [magnesium was observed 
in the charge state distributions. Good source 
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All currents in euA at 10 kV extraction voltage. 
Feed materials had natural isotopic abundances. 
*Indicates a mixture of two ions with identical 
charge to mass ratios were present. 

performance was recovered by disassembling the second 
stage and mechanically cleaning the sextupole and 
extraction plate. It appears that the oven was 
producing an excess alrlount of magnesium vapor. Tne 
tests rJith a calcium oven did not result in a severe 
contamination problem. 
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Radial Eniittance Meas~~rements Future Developmerlts 

We plan to develop feed systems for a wider range 
of solid materials. 
reported by Geller on 

Also, fcllowing the resul;;+ 
the large increase of Ne 

intensity with an increase in rf frequency from 10 to 
16 GHz [lo], we plan a test of increased frequency for 
the second stage from 6.4 to 9.2 GHz, using the present 
first stage klystron supoly. 

The emittance from the EC9 source was measured by a 
motor driven scanning Faraday cup with electrostatic 
secondary electron suppression. The cup measures the 
beam passlny througn a slit 1.6 [mm wide and 13 cm 
high. Trle cup was placed 2 meters downstream frcm the 
anilyzinq slit after the 900 analyzing Imagnet. 
Si"iple emittance measurements have been made by using 
the analyzing slit to define the beam size at a waist 
and the scan cup to 'measure the divergence profile. 
Tnese rneascirements have proven to be useful in 
optilnizing source emittance and understanding Seam 
transport. 

An example of scan cup measurements is shown ir: 
Fig. 1. For this data the source was tuned on 

1607f, with helium mixed to improve the hign charge 
state currents of oxygen. For scans of charge states 
1-6, only the analyzing magnet and focusing Glaser lens 
were readjusted for each charge state. The analyzing 
slit tiidth was set at its standard val?re of 12 mm full 
width. This figure shows that each charge state 
typically has a center small divergence core and high-1 
divergence tails. The tails may be due to a high 
enerqy tail in the source plasma, a distortion in the 
extraction Imeniscus due to multipole induced 
non-uniFormities, or extraction geometry. A high 
ener?y tail of only l-10 eV woulil produce the tails 
observed. A multipole effect would be expected to be 
re'duced by a change from the sextupole used here to an 
octupole. 

The emittance values of the beam insioe the central 
core, within the fJl1 width at half maximum, are 
TO-110~ mm mrad for high to low charge states. They 
fall in the range reported for the Micromafios ECR 
source at the 50% beam level [8-t. More recently the 
emittatlce of the Micromafios 06' beam 'was measured ds 
30~ mm mrad for 75% of the beam [Y], which is close to 
the value from Fig. 1 for the beam core. The wise 
range of ernittance values reported in [8j and L9l may 
be due to inclusion of various fractions of beam 
tails. The divergence of the central core of the beam 
implies an upper limit of energy spreao of only .1 -5 
eV for qigh to low charge states. 

I I I I I I I 

Divergence (mrad) 
XBL 854-8859 

Fig. 1. Beam current profiles across beam pipe, 
taken with scan cup, at 10 kv acceleraring 
voltage. The beam intensities are: If 
16pA, 2+ 19pA, 3+ 27uA, 4+ U&IA, 5+ 36pA, 
6+ 56pA, 7+ 7uA. 
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