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Abstract 2 LANL ION SOURCE

An upgrade program is being carried out at Los Alamos tPhe configuration of the present LANtonverter ion
increasethe peak beam current from the present Hgoyrce together with the 80-kecceleratingcolumn is
injector to provide 20QA averagecurrent for the proton spown in Fig. 1.

storage ring at LANSCE. In order to meet this objective,

the injector musprovide atleast 30% moreurrent than

presently available. More optimal operatidmwever,

requires a factor ofwo higherpeak current inorder to SROUND —

reducecirculating losses in the ring. At thesggher

currents, a lower beam emittancenseded tdimit beam caLum

losses in the linac.Beamsimulationshave beercarried

out to model the operation, of the present injeefut to Eéﬁ?"cm\
determine what changesill be required tooperatewith PLASHA RIPELLER
these higher beam currents. A collaboration with th
Lawrence Berkeley National Laboratory (LBNL) is how in
progress to modify our present converi@n source to

produce40-mA peak of H beam currenwith reduced -
beam emittance. Beam simulations show that a new ¢

kV acceleratingcolumn will be needed toaccelerate and
transport these higher current beams with acceptaam

size anddivergence. Experimental results for thimitial

phase ofthis program are presentedogether with a -
comparison to these beam simulations. ELECTROOE
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1 INTRODUCTION IR

The upgraded H injector mustproducehigh-duty factor,

low-emittance H beams with good reliability and

availability in order tomeet the operationaéquirements

at the Los Alamos Neutron Science Center (LANSCEYigure 1: Layout of the LANL converter ion source
The presentsurface converteion source provides the Wwith the present accelerating column.

reliability andavailability needed1]. Previous work at

LBNL with a similar bariumconverter sourc¢2,3] has The H ions aresputteredrom the surface of acesiated
demonstratedhat afactor of two increase in converter molybdenum converter electrode and are subsequently
efficiency can be obtained féinis type of ionsource by accelerated to several hundred electron volts bgatede
filtering the primary plasma. Experimentsutied out sheath formed at the convertenface bythe applied bias
with a cesiated molybdenum converter [4]have yoltage. Theseions are self-focused bythe spherical
demonstrated that the required 40 mA of beam current Calirface of the convertemdform a Converging beam that
be produced. exits the source at the plasma electrode. The ion beam is
Thedesign of a new acceleratimglumn wascarried  collimated both by the 1.0-cm diam. plasraectrode
out by first benchmarking theay-tracingcodePBGUNS  gpertureand bythe plasmaepeller assembly within the
against the operation of the presenteleratingcolumn.  source itself. The emittance of the beamtracted from
Then thiscodewasused to determinehat changesvere the jon source is determined by the geometrical
needed tadesign acolumn capable of accelerating higher admittance. For low convertervoltages, the beam fills
beam currents with the required exit beam parameters. the phase space available and the beam emittarezpias
to the ionsource admittance. The extractielectrode is
located 2.5 cm from the plasma electrode and has a 2.2-cm
diam. aperture. The extraction voltagejuiredfor our
present 16-mA production beam is only 12 kV. This is
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a consequence ofhe high energy (250 eV) of the typical emittance scan for the 12-kV case is shown in Fig
converter beam and of the relatively low plasma density at

the plasmaelectrode. The difference between the

extraction voltage and the total column voltagejplied €n,ms = 0.1023 = mm-mrad

across two high-voltage gaps in the column with th
intermediatevoltage being variable. For thpresent
operation, this voltagedifference issplit equally between
these two high-voltage gaps.

3 BEAM SIMULATIONS
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The ray-tracing code PBGUNS Versi820 [5] hasbeen ¥ T
used to model the production of the H- beam in the ic 12 X ? 12:3

source and the subsequent acceleration the 80-kV =

accelerating column. This code computes beam Figure 2: Horizontal emittance scan of a 16-mAkdgam
trajectories starting at the converter surfand propagates at the column exit with 12-kV extraction voltage.

the beam through the iorsource plasma and then

subsequentlyaccelerateshe beam through th&0-kV  Simulations were then run for all the extraction voltages
acceleratingcolumn into thelow-energy beam transport with the ion source parameters fixed #te production
(LEBT) line. Emittance plotan beproduced atfour values. The calculated phase-space distribution for the 12-
positions along the bealime, and the evolution of the kV extraction voltage case is shown in Fig. 3.

beam phase space can be followeugh the system as
the ion source and acceleratingcolumn parameters are €n,rms = 0.1063 = mm-mrad
varied. T R K i g B ; :

40 S0

4 TEST STAND PROGRAM

10 20 30

To carryout the development of a newon source, the
LANSCE ion source test stand (ISTS) was rebuilhdve
the same configuration as the injector in Heeelerator.
Thus, it nowprovides ameans for testing iorsource
improvements and modifications in an off-line
environment [6]. Aspare converteiion source was
mounted on thdSTS, and beam testswvere carried out N T T
which demonstratedhat the operation of the iogource Hi2590.0-7.5 5.0 2.5 & 2.5 .0 7.5 10-012.5
on the test stand was the same as that on the injector. R - mm
Although the PBGUNS code had been benchmarked

against experiments for positive ion sources, there has nagt ) . e _
yet been a similar validation for the negative ion sputtxgréjfgure 3: Calculated emittance distribution of al6-mA H
sourceshat weareusing [7]. Wedecided,therefore, to beam at the column exit for 12-kV extraction voltage.

carry out an experimental program to compare the
simulation predictions to the emittanadatataken with
our present ion source. A series of emittance seerns
taken at the first emittance station (EM-1) in which th

ion source parameters were helebnstant and the . . .
extraction voltage wasariedfrom 8 kV to 15 kV. A Both theray-tracingcode andhe emittance analyside

R' - mrad
=20 -10 ¢

~30

-40

The experimentatlata observed aEM-1 and the
correspondingPBGUNS simulationsare compared in
dable I.

Table 1: Comparison of Emittance Data and PBGUNS Simulations

kV T mm-mrad cm mrad
Extraction Normalized rms Mismatch Beam Beam
Voltage Emittance Factor Size Divergence
EM-1 PBGUNS EM-1 PBGUNS EM-1 PBGUNS
8.0 0.0984 0.1096 1.53 0.880 0.879 29.19 18.41
9.0 0.1096 0.1065 1.53 0.893 0.924 31.34 21.88
10.0 0.1003 0.1071 1.30 0.853 0.948 30.68 24.85
11.0 0.1032 0.1040 1.23 0.848 0.941 31.86 25.79
12.0 0.1023 0.1063 1.20 0.803 0.939 31.08 27.44
13.0 0.1018 0.1044 1.26 0.763 0.913 30.78 27.21
14.0 0.0100 0.1036 1.27 0.714 0.891 29.97 27.44
15.0 0.0972 0.1028 1.32 0.672 0.856 29.86 27.57
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carryout a secondmoments analysis toetermine the

We see that the emittance of the beam at the column exit

rms emittance of the beam. We see that for the rmemains essentially constant over this range of currents for

emittance the experimentatata andoeam simulations
agree towithin a few percent.

the perveancematchingemployed inthe extractor gap.

We note that for the The beam size in the beam liircreasescontinuously

converter sourcebeing modeled, the beam size and with increasing current and exceeds the aberrditioin in

divergencevalues given by PBGUNS on themittance
plots are closely approximated bythe 2rms values

the solenoid lens (half the boaperture)for 27 mA and
fills the bore aperture for currents approaching 40 mA.

calculated by this codee., by thebeam parameters of a Thus, the present injectean be usedbr beamcurrents
4rms beam. We havéherefore, chosen to compare theup to 27 mA without emittancdegradationbut a new

beam parameters for the experimental beavith the
4rms beanparameters calculated IBBGUNS. We see
that the beam sizes for thabservedEM-1 beams are
typically 10% smaller than thealculated?rms beansize
and that the observedbeam divergences atEM-1 are
approximately 15%larger than the 2rmsdivergence
values. Thus, while the beanode calculatesthe phase
spaceareacorrectly, theraare still systematicdifferences

accelerating column with stronger focusing will be
required for beam currents at the 40 mA level.

Several acceleratingcolumn designs havebeen
studied using this simulation code. The beam profiles for
a high gradient tetrodeolumn with adecelion trap and
for the presenacceleratingcolumnare presented irfrig.

5. The beam envelope sizes in the LEBT tloe tetrode

design with 40 mA are essentially the same as those with

between the measured andsimulated beam size and the present column for 16-mA beams.

divergencewhich probably arise fromerrors in the
location of beam transport elements errors in the
assumed space-chamgeutralization model. Work is in
progress to resolve these discrepancies.

5 HIGH-VOLTAGE COLUMN
SIMULATIONS

Having established that the LANSCE ~ khjector beam
can bemodeledwith the PBGUNScode, we carried out
simulations for the higher beam currents.

We firs

Radius - cm

Radius - cm

16

Distance along beam axis - cm (b)

determined the performance of the present injector systems

as we increasethe extractedbeam current. Wencreased
the extraction voltage to keep the begmrveance
constant in the extraction gap as théractedcurrent was
increased.Thus, as théeam current wamcreased from
16 mA to 40 mA, the extraction voltage weeried from

12 kV to 22 kV. The variation of beam emittance and

Figure 5: Trajectoriesand equipotentials for the 16-mA
production beam with the preseatceleratingcolumn (a)
and for a 40-mA beam with a highgradient tetrode
column (b).
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