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Design of the Prototype Low Energy Beam Transport Line
for the Spallation Neutron Source

D.W. Cheng R.A. Gough, M.D. Hoff, R. Keller, M.A. Leitner, K.N. Leung,
J.W. Staples, M.D. Williams,
Earnest Orlando Lawrence Berkeley National Laboratory, Berkeley, CA 94720

Abstract
ELECTRON giv G5
1 1 DUMP - (CHOPPER) G6
The design of the Spallation Neutron Sour06m§ OUTIET 50 wv mxmmacron o R owaNosmc
prototype low-energy beantransport LEBT) system is APERTURE Y16 XV | (GroUND) AND RFQ FLANGE

—-65 kV (GROUND)

discussed. ThisEBT must transfer 35 mA of Hcurrent
from the ionsourceoutlet aperture tathe entrance of the
radio-frequency quadrupol®FQ). The plasmagenerator

is a radio frequency-drivemulticusp sourcepperated at
6% duty factor (1ms, 60 Hz). The entire LEBT
configuration is electrostatic, with ahigh-voltage
extraction gap followed by two sets of einzel lenses. The
secondeinzel lenswill be split into four quadrants to
permit the application otransverse steeringnd beam
chopping fields. The Hon source emits a gas flowwto (
the LEBT that must beefficiently pumped toreduce

stripping losses of the Hons. Therefore, an efficient 0
electrode design is incorporated remlucethe gaspressure ot s s e e e,

betweenthe electrodes. Alignment requirements and ) _
related issues will also be discussed. Figure 1. Cross section of the LEBT electrodes,

with the ion source outlet aperture, electron dump,
1 INTRODUCTION and RFQ endwall.

The Spallation Neutron Source froemd systems,being  section of the lens configuratiorBecause othe limited
built at the Lawrence BerkeleyNationz_;\I Laboratory space, voltage holdingnd creepagdength along the
(LBNL), must supply a 2.5 MeV, 28 mA Heam at 6% syrface ofinsulators must beaken into consideration.
duty factor to a 1GeVlinac that injects into an Taple 1 summarizes thelesign parameters used. In
accumulating ring.  This ring thedelivers a 1 MW  4qdition, alignment for thesalectrodesmust beheld to a

averagebeam power to a neutron production target at 6y 05 mm tolerance in thedial direction,and+0.1 mm
Hz. Thispaper discussethe design ofthe low energy i, thez (beam) direction.

beam transpor{LEBT) line of the frontend accelerator

Table 1 Criteria for voltage holding used.
tem. . .

system *units ofd are cm, units of) are kV

2 REQUIREMENTS | in Vacuum | in Air
The LEBT is designed to transport 35 mA of a 65 keV H Gap:[ *d=(0.0141U%?)/10 [ 10 kv/cm
beam from an rf-driven source the RFQ,operating at a  Insl. Surface: 15 kv/cm 8 kv/cm
6% duty factor. Itmust match thébeam to the RFQ
entrance with a normalized dtance of less thaf.15 1t 3 ELECTRODE DESIGN

mmemrad and Twiss parametesss 1.6, and3= 6.5 cm.
The entire LEBT is electrostatic, with a high-voltag80 3-1 EXxtractor Electrode
kV) extraction gapnd aneinzel lens configuratiomvith
beam choppingnd steering capabilitiegcorporatednto
the second(G5) lens electrode. The entire package is
approximately 10 cm in length. Figure 1 showsr@ss-

The extractorelectrodeconsists ofthree sub-parts: the
main stainless-steéspider-arm”, a retainering, and the
apertureinsertheld in place bythe ring (seeFigure 1).
The apertureinsert is replaceable in case daccidental
damage byhitting of thebeam particles. Therefore, the
"This research is sponsored by the Lockheed Martin Energy Resear?rperture IS d_eSIQned '[Q baccessible and replaceable
Corporation under th&).S. Department of Energy, Contract No. DE- without affecting the alignment of the entirdlEBT
ACO05-960R22464, through theLawrence Berkeley National ; ;
Laboratory under contract No. DE-AC03-76SF00098. assembly. We will use copper, apposed tostainless

- steel, for the insert materidbecause ofits excellent
* Email: dwcheng@lbl.gov L. . .

thermal conductivity. We will alsoconsider other




materials, such as a 70%/30% tungsten-cogidered
material, which combines tungsten’s structural integrity
with copper’s thermal properties.

3.2 G3 and G5 Einzel Lenses

The LEBT matching section consists of twipseudo”
einzel lenses: the aperture @3dthe split G5 lens. G5
is used for fast beam chopping[1]. The ind@meter of
this lens has to beery narrow in order to achieve
sufficient beamdeflection with the available chopper
powersupplies. Thiscontradictsthe generalrule that a
small lens filling-factor (beam diameter/inner lens
diameter) isrequired for good ion optics. lon optics
simulations have beenperformed to minimize beam
emittance-growthdue to aberrationscaused bythe lens
configuration[2]. Figure 2 shows a Simlon 3D
simulation of the Hbeam passing through theEBT.

We have used the ion opticedesKOBRA 3D, IGUN[3] 4 THE ELECTRODE ASSEMBLY
and AXCEL to optimize the LEBT lens arrangement.

Figure 3. Blow-apart view of the LEBT electrode
assembly.

The wholeLEBT assembly is mounted to tlen source
re-entrant cylinder ashown in Figure 4a. Ahree-point
mounting scheme is employe&ith ceramic insulator
postsstanding betweethe ionsource re-entrantylinder
biased at -65 kV and the electrode G4 on grquuigntial.
Eachelectrode is held inplace by using similar three
ceramicpost standoffs. Each standoff ghieldedfrom a
directline of sight to the ionbeam inorder to prevent
coating of, or sputtering on the insulator surfaces.

Equipotential
Lines

Figure 2. SIMION 3D simulation of the beam passing
through the LEBT to the RFQ.

To allow beam chopping as well as beam steering il
the x- andy-directions lens G5 haseendesigned as a
four-segmented aperture. Will be fabricated as aingle (a) (b)
piece with alignment holesdrilled prior to wire-edm
machining into thfour segments. Theiecesare then

Figure 4. (@) LEBT assembly mounted to the
source re-entrant cylinder, artg) {n a conceptual

pinned with cerar_nic stqndoffs for voIt_age holding of 5 kv vacuum vessel.

max. A further discussion oits functioncan be seen in ) ) )

[1]. The stainless-steel shieldare glued tothe ceramic
standoffs with epoxy. Thelectrodes aréhen screwed to

3.3 Ground Electrode the metal shields. 2 mm shimare used insome

locations to compensate forigsalignment during the
fabrication process.

Testswere conducted ortwo critical standoffs: the
main standofffrom the -65 kVsourcepotential to the

ound (G4) lens, and the standoff frgmound tothe -55
kV chopperlens (G4 to G5)seeFigure 5. Theinside
geometry of the shields wdabricated ancdkachassembly
was hi-potted. Both tesiseresuccessful: thetandoffs

The electrode G4 has bedasignated athe main support
structure, since it isixed at groundootential. All other
electrodeswill be bench-mountedand pre-aligned to it.
This whole, monolithicLEBT packagefacilitates easier
alignment to the RFQ and ion source since now only o
single component has to lejusted. Figure 3 shows a
blow-up assembly of the LEBT electrodes.



.
oy

Insulator standoffs prior to testing.

Figure 5.

Shown are (left) the chopper to ground (G5-G4)

insulators, and (right) the main insulator (main
support to -65 kV source potential

held 15% more than theidesignvoltagesafter minimal
conditioning.

5 VACUUM VESSEL

A noticeable departure ofthis design from traditional
LEBT structures ighe lack ofgradientrings and stacked
insulators. The main insulator will be a cagdica-filled
epoxy structure, insulating the iosource re-entrant
cylinder at-65 kV from the ground potential of the
vacuum vessel. Its cross-sectional shapsingilar to a

LEBT electrodes. See Figure 4b for a conceptual view of
the vessel containing the LEBT.

The main LEBT-assembly flange is movablander
vacuum load. This allows on-line alignment of the ion
sourceand the LEBT as an entirgpackage tothe RFQ
entrance aperture. Screw-jacki#ll be mounted to the
main insulatorflange inthe x- andy-directions,andwill
be manuallyactuatedwith long shafts. The movement
undervacuumload is accomplished bysing anO-ring
sealandfriction-free teflon-impregnated padgon which
the flange rests. The weight of the iosource/LEBT
package is held by flangbolts mounted on Belleville
washers, whichare tightened to adegreethat allows
movement without loosening the bolts.

6 FABRICATION

Detail design ofthe LEBT components is in progress;
fabrication will start in the beginning of April 1999. The
LEBT is scheduled tocome on-line along with the ion
sourceand aprototype section of the RFr testing in
the summer of 1999.
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Triple-point protection consists of a brass screen that )$,;aham for theiinput, andtheir challenge ofnaking a

cast into the epoxy, allowing ththreadinserts for the
mounting bolts toremain in afield-free region at the
source re-entrant cylinddtange. The flange aground
potential is of aKofoid design[4].ANSYS finite element
simlulations verified electrical potentials and gradients,
and RASNA finite element runshave beenused to

determine the structural loading. Deflection tests will als&]

be performed orthis insulatorunder vacuum loading to
determinethe amount of shimnecessary forcorrect
alignment of the LEBT assembly.

The vacuum vessel consists of a 3/16” thick stainless-

steel chamber, 288iameter by 9” deepwith three 10”

pumping portsand high-voltage feedthroughs for the :

High-voltage feedthru

RFQ Endwall

-l

Main Insulator

Brass Screen
Reentrant Cylinder
Main LEBT Electrode Standoff with Shields
Figure 6. The LEBT assembly in a conceptual
view of the vacuum vessel.

huggable LEBT become a reality.
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