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Abstract 6.8-mm-diam ion sourcemitter, for anunneutralized
current |z = 1.825 mA, a = 0.411,3 = 0.215mm/mrad,
The Low-Energy DemonstratiorAccelerator (LEDA) and gy = 0.146 m mm mrad(Table 1). Using these
injector is testedusing the Chalk Riveidnjector Test TRACE parameters asSCHAR* [9] input, and scaling
Stand (CRITS)radio-frequency quadrupoléRFQ) as a them usingd,e, = 0gulEoa/Enend @NABrew = BoialEote/ Ened
diagnostic instrument. Fifty-keV, dc proton beams argives the measureg to within 0.1% after two iterations.
injected into the 1.25-MeV, CW RFQ and transported to Ehe resulting SCHAR-predicted input beam (Table 1) has
beamstop. Computer-simulation-code predictions of trg = 0.134 11 mm mrad. WherSCHAR transports the
expected beam performance are comparedith the beam parametersin Table 1 through the 2.1-m LEBT, the
measuredbeam currentsand beam profiles. Good approximatephase-spacshape at the 10% conto(fFig.
agreement is obtained between the measureraadtshe 1) and beam profile at the video diagnogkdy. 2) result.
simulations at the 75-mA design RFQ output current.  Although thebeam-profiledata in Fig. 2 were obtained
three days earliethan thephase-spacdata inFig. 1, the
1 INTRODUCTION source parameters were nearly identical for both data sets.

To test the LEDA injector [1linderoperating conditions, 1.0 1 TRACE and SCHAR input'theam parameters.
the ion-source extraction systemaikeredfrom a tetrode

at 75 keV to a triode at 50 keV [2]. The rest of the 2.54- B 3

m-long LEDA injector is about the same as it will be LTRACE (L =1.825mA)  SCHAR (l..= 1.825mA

when the initial tests of the LEDRFQ [3] are made. E =50 keV y = 3.095 x 10 m/s
We match the LEDAmicrowave-driven source ‘Hbeam @ = 0.411 ,=-0.4131

(50 keV, 70-100 mA, >90% Hfraction) to the CRITS [ =0.215 mm/mrad Xx= 4271 x 10 m
RFQ [4] using the two-solenoidgas-neutralized low- gy = 0.1461t mm mrad Viax = 6.117 x 16 m/s

energy beam transpaitEBT) [5] described inRef. [6].
Two steering-magnet paipgovidethe desiredbeam pos- 2.20E+04
ition andangle at the RFQ match pointBeam neutral-
ization of 95-99% occurs ithe LEBT residualhydrogen & o]
gas [7]. The RFQ accelerates the beam to 1.25 BlelVa -~
simple HEBT transports that beam to the beamstop. Thgg g.o4_|£10% contour
RFQ transmissiorand spatial profilesare measured as a 35 0 35
function of injected current and LEBT solenoid excitations X, cm

[2]. The expectedbeam performance is calculatedsing Fig. 1. The SCHAR-calculated phase_space (crosses) at
the computer codes TRACE [8] and SCHAR [9]nodel  the EMUOfor the LEDA prototype LEBT. The solid line
the LEBT [10], PARMTEQM [11] tomodelthe CRITS is the 10% phase-space contour measured with the EMU.
RFQ, and PARMELA [12] to model the HEBT.

2 INPUT PARAMETERS

The input H beam parameters adeterminedrom meas-
urements on the prototype LEDA injector (Fig. 3 of Ref.
1) using aprocedure described if10]. A beam with 90-
mA total current, proton fraction90% (H current >81 2 2 -
mA), rms normalizedemittancesy, = 0.1461T mm mrad, Y.cm o

anda = -0.546 an@ = 8.254 mm/mrad at 10%reshold Fig 2. Hydrogenbeam profile 42.9 cm from thsource

is measured at the emittance-measuring unit (EMU). g‘ga%\*&e%’gbgrgsyideo camera(line) and predicted by

Counts

Using TRACE [8] todrift the beam backlong that 2.1-
m long LEBT, from the EMU to the ion source, gives a3 LEDA LEBT SCHAR SIMULATIONS

predicted 6.98-mm-diam*Hbeam size, close to that of theThe LEBT (Fig. 3) is simulated with the non-linespace-
chargecomputercode SCHAR. Thesesimulations use a
D Work supported bythe US DOE,DefensePrograms. 4-volume distribution and the line mode with 999
* V= [2E/MC] Y%, 1, =-a/[1+0°Y% Xpa =[BE(6rMS)]?,
VX max = [y8(6rms)]l/2vo
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Fig. 3. The CRITS RFQ experiment beamline. The LEDA injector, ion source plus LEBT, is at the le@RIM&
RFQ is in thecenter,and the LEDA prototzpe ogive beamstop is at the right. The locations of theLBBI
solenoids 6Solen0|d #and Solenoid #2), RFQ exiguadrupolesinglet, three Bergoz dccurrent transformerg¢DC1,
DC2, and DC3), and three videocamera diagnostics (VD1, VD2, and VD3) are indicated.

lines. TheLEBT dimensionsare extractor to solenoid 1,
89.8 cm; solenoid 1 to solenoid 2138.4 cm; and
solenoid 2 toRFQ match point, 25.6 cm. Aeam
neutralization of 98.0% (& = 1.825 mA) is used.
SCHAR predicts noproton beam loss in théEBT.
Using SCHAR input files, PARMTEQMpredicts that
the best match to the RFQ (Fig. 4) is obtained fgy,B-
2100 Gand B, , = 3675 G, givingey = 0.169 T mm
mrad at the RFQ match point. The actug), Bsetting for
the measurements, 1940-2010 G, is close toSBeIAR
prediction whereas the actual,B setting, ~4000 G, is
10% higher than the SCHAR prediction. Theg, Bsetting
is underestimated becausetbé absence inthe SCHAR
model of the un-neutralized section of beam trangpsit
in front of the RFQ. Most of thesCHAR-calculated
emittance growth (26.2%) idue to spherical aberrations
in solenoid #1 (6.0%) and solenoid #2 (15.1%). mhe-
linear, space-charge-induceémittance growth is low
(3.4%).

To obtain the 75-mAdesignRFQ outputcurrentrequires
operating the proton source at1200 W microwave

power, 50% higher than used to obtain the SCHAR input
The result is a

parametergjiven in Table 1 (~800 W).
larger-diametebeam at VD1 (Fig. 5) than in thmase of
the prototype LEBT measurements.

74.4, and 68.5 kV for Cases 1-4, respectively [14]). The
predictedCRITS RFQ outputurrent for othemeasured
input beam currents [Jnd RFQ vane voltagesre given

in Table 2. The SCHAR inpytarameters in Table 1 for

a 90-mA bean{measurequst in front of the EMU) are
usedfor all of the simulationssummarized in Table 2.
Although RFQ outputcurrents of up tol00 mA were
measured2], we limit our analysis to just thoseases
that have a complete set of beam currents and profiles.

5 HEBT PARMELA SIMULATIONS

The PARMELA [12] model of the HEBT uses tRRITS
RFQ PARMTEQM output files foinput. PARMELA,
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power level the measured beam profile at VD2 (152.6 cm

from the source) is also larger than SCHAR predicts.

4 CRITS RFQ PARMTEQM SIMULATIONS

The SCHAR output file isused to generate &,000
particle input beam for the PARMTEQM computade
to calculatethe RFQ transmissioand output €. The

proton fraction can be dsgh as 95% [13], but plasma

effects caused bybeam interactions with th&eam-pipe
walls [2] reduce the observeaiC2 current by~5%. These
effects offset eachother, so we use theneasured DC2
current forthe PARMTEQM input current.
(Case 2, Table 2) is transmission = 75.&8@ output €
= 0.2071t mm mrad(Fig. 6) for 97.5 mA inputbeam
current and known RFQ intervane voltage (70.4, 72.6,
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Fig. 5. Measured Hydrogeheam profile at VD1 (42.9
cm from thesource) for case #2 ifable 2 compared
with the SCHAR fredlctlon calculated using the
Barame;ers in Table 1. Note tmerease inthe measured
eam size ovethat in Fig. 2 adiscussed irthe text.
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Fig. 6. PARMTEQM-calculatedRFQ input (top) and
output (bottom) phase space for Case 2 (Table 2).

set up to transport ‘Hions, predicts the beam
transmission from the RFQ to the dc toroid (DC3Fig. b)
3), 57.5 cmdownstreanfrom the RFQ vanesand also

the x and y beam profiles at video diagnostic #3 (VD3 in
Fig. 3), 87.7 cmdownstreamfrom the RFQ,for the
known fields in the quadrupolesinglet, located7.8 cm
downstreamfrom the RFQ vanes. Table Ists the
PARMELA predictions (note that theredicted beam
loss between the RFQ and DC3 is small) along with the
measuredC3 currents. Figure 7 shows tipeedicted x
and y beam profiles at VD3 for Case #2.

Counts

Table 2.Results of the LEBT, RFQandHEBT simula- Y, cm

tions with SCHAR, PARMTEQM, and PARMELA,

respectively. The measured LEBT beam currents at DG, 7 pARMELA-predicted x (a)and b) beam
and DC2, the assumed PARMTEQM RFQ inputrent,  profiles (squares) and theeasured >(< %md bga$n)profiles
the PARMTEQM-predictedRFQ outputcurrent,and the (lines) at VD3 for Case #2.

PARMELA-calculated and the measured HEBT current at

DC3 are given in columns 2-7, respectively. REFERENCES
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