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Abstract

The conceptual design of the RFiG@luded inthe front
end injector of the Spallation Neutron Sourceléscribed.
The RFQoperates a#02.5 MHz, with a maximum H
input current of 70 mAand 6%duty factor. It is3.72 m
long and made out of four equally long modulesbrazed
copper structure has been choder tothe high power,
high duty factor operation. The 800 kW peak pdwer is

coupled into the structure via eight ports, two per section.

A set of tuners igrovidedfor final frequencyadjustment
andlocal field perturbation correctionQuadrupolemode
stabilization isobtainedwith a set ofrrmodestabilizing
loops. The conceptual design, assemplgpcesses and
status report arpresentedThis paper reportand updates
the status of the design since it was last described [1].

1 INTRODUCTION

Structure Type 4 vane

Total Length 3.723 m

RF Frequency 402.5 MHz

Input Energy 65 keV

Output Energy 2.5 MeV

Peak output Current 56 mA

Design Transmission > 90 %

Rms Beam Size 0.7 mm

Norm. H rms Emittanceé 0.156 mm mrad

Norm. V rms Emittancd

0.1568 mm mrad

Vane-to-vane Voltage

83 kV

Peak Field

1.85 kilpatrick

Total Peak RF Power

800 kw

Beam loading

17 % @ 56 mA

RF Duty Factor

6.2%

Rep. Rate

60 Hz

Vacuum

<1 16Torr

Lawrence BerkeleWational Laboratory has been given
the responsibility within the SNS collaboration of
designing, building, installingand commissioning the
Front End. This 2.5 MeV injector comprises the ion The RFQ ismade 0f449 cells, whichare apportioned
source, an electrostatic beam transport into the RF£ 8 in theradial matcher, 48 in the shaper, 328 in the
accelerator andhe beam transport line that willeliver puncher ending at an energy 880 keV, and 65 in the
andmatch the beam into the linac. Thadio frequency final accelerator section. The parameter selection is
quadrupole (RFQ) accelerator isresponsible for the conventional, with the exception that the buncher section
bunching and acceleration of the beam from the energyigf slightly longer than usual to allow the longitudinal
65 keV afterthe source tothe 2.5 MeV injectiorenergy output emittance to remain below %®V-degree at 60
into the linac. A summary of the status of the SNS FropiA output and 75 keV-degree at 30 m@utput, rather
End is presented in another papethas conference[2].  than increasingdue to excessive bunching at lower
Intensive modeling has beatone tosupport the RFQ current.
conceptual design. The modeling resuite in a separate

paper [3].
used inoptimizing thebuncherand acceleration section
2 PHYSICS DESIGN parametersgiving anormalizedrms input acceptance of

The mainparameters othe RFQare summarized in 0.2 ™ mm-mrad. In such simulations, théeam
Table 1. The RFQ accelerates the 65 ke\béhm to 2.5 transmission is better than 95% at 60 mA aofrrent,
MeV in a 3.72 meter long cavity resonant at 402.5 MH#Ncreasing to better than 99% at 30 mA.

The choice of operatingrequency is dictated by the

required peak output current, thdesire of a compact The peak vane-to-vaneoltage is 83 kV for apeak
structureand the need toinject into the higherenergy surface field of 1.85 kilpatrick, with a flat field
sections of the linac (805 MHz) with an integmquency distribution along the Iength of the RFQ to minimize
ratio. This frequencyalso allows for the possibility of longitudinal currents at the jointbetween the four
beam funneling in the first part of the linac. modules that comprise the accelerator.

Table 1- Main RFQ Design Parameters

Eight-term RFQ beam dynamics simulatidressebeen
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The vanetip is machinedwith a constantiransverse watts/cni. Eachtemode stabilizerod will dissipate less
cross section of .351 cm, the same aghe mearvane than 10 watts.
tip displacement from the axis.
The RFQ will beequippedwith 80 tuners, 5 per
module pemuadrantwith arange of 2MHz. Most, if
3 RF CAVITY DESIGN not all, the tuners will béixed, with the RFQfrequency
fine controlprovided by atwo-temperature watecooling
system. In this scheme, the RFQ body is Hisled above
ambient and the vane cooling channel temperature is kept

The 3.723 m long RFQ is built in four modulesch
93 cm long. The vaneand vacuum shellare made of
OFE copper, witheachquadrant brazed to &lidcop (C) ’
backbone to providebolting strength for exterior &t @ lower and adjustable value.
components. The modulese joined with a copper-to-
copper r.f. compression joint,backed up by acanted 4 MECHANICAL CONSTRUCTION
spring ring to provide a backup rf seald aViton O-ring The RFQmechanical design incorporates faeparate
vacuum joint. All this within the OFE part of the cavity.vane quadrants containing the precision machined vane and
Figure 1 shows a conceptual view of one module. cavity profiles. Thequadrants are wire-brazéogether to
create the final cavity configuration. Thisdesign
eliminates theneed for demountabler.f. joints in the
regions of high azimuthal r.f. wall currents. The vane and
cavity wall surfaces are machinddom solid blocks of
oxygen-free coppe(OFE). Since thecopper is fully
annealedduring the brazing process, a 1" thick slab of
GlidCop AL-15 is wire-brazedonto therear surface of
each coppequadrant toprovide additionalstrength. This
joint is obtained by brazinghe coppercladding of the
Glidcop tothe OFE inner part. Provision hasenmade
that no vacuum joint will cross th®FE-Glidcopbraze.
Figure 2 shows the final assembly of the fquadrants,
as well as the external GlidCop layer.

The four completed modulesejoined by means of a
bolted connection. Rather than incorporating flanges at
the ends ofthe RFQ modules, the joindesign is
preloaded byaxial boltsrecessednto the GlidCopouter

Figure 1 - Schematic view of one RFQ module  layer, as shown in Fig. Benefits ofthis type ofjoint
include higher strength, reliable seal loadiagd a low

The quadrupole-dipole modeseparation for the profile. A sli.ghtly raised surfa_ce .athe modulegnds
fundamental mode is 3®Hz, provided by remode aroundthe perimeter of the cavity _|$Jsed to provu_de a
stabilizer loop pairs [4beparated byl5.5 cm,for atotal ~COPper-to-copper.f. compression joint. Acantedspring
of 24 stabilizer pairs. Thquadrupole mode frequency isfing seal provides back up to the r.f joamdprotects an
decreased by 1MHz andthe dipolemode frequencies are Outer Viton O-ring vacuum. Canted springse also used
increased by 36 MHz by the stabilizers. Perturbation tedfs €nsure good electrical contact between adjoirimge
show that changing the frequency of one Rfg@drant by tips. The r.f.gnd vacuum s.ealsare all containedwithin
1.53 MHzchangeshe azimuthafield symmetry by less the OFE portion of the cavity.
than 2.7 percent. The RFQ is flee-spacewavelengths ]
long, andwhile no longitudinal stabilization iprovided, ~ TO conduct cooling water along the structure, the RFQ
the beam loading (for 60 mA) accounts for less-than 179§Sign uses milled channels in the back sidéhef OFE
of the total power. Eight r.f.drive ports equally guadrantswhich are covered bythe brazed-onGlidCop
distributed in the four moduleare expected tenaintain layer. This configuration allows internal manifolding and

the longitudinal field distribution within limits better thanincreased flexibility in the routing of the cooling
+/- 1%. passages. The integrity of the RFQ vacuurmaintained

since no passages penetrate the ends of the modules.

The averagewall power density for 6% duty factor is ) ) ] ] )
1.7 watts/cr assuming the real losses to be about 67% This design has beestudiedwith regards tocooling

that smallareas neathe vane end cutbacks approach 10 Shown the RFQoperating temperature to be uniform
within 3° C andthermal stresses to be 1200 psiless.
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Although the RFQ operatingarametergall for a 6.2% cm long modulewill be built; it is designedwith full
duty factor, all thermal analyseare performed for capabilities, including vacuum, rf power, tuning and
operation at 10% to allow for possible futunegrades to cooling. This module is intended to be identical to any of
a longer pulse length. the four modules of which thRFQ will be built, apart
from the specific vane modulations. The REEsign and
manufacturingprocedures, awell as the operatiomnder
uguuuuyu full r.f. power, will betestedwith this device. A 1 MW
klystron has been made available from the LANL
collaborators and has been recemnldjivered toLBNL; its
installation at LBNL is underway.
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:)i ic a full size prototype will be built incorporating the
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necessary changabat might beneeded.This prototype
RFQ will also be tested with beam.
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The power iscoupled inthe cavity with a set of two
coupling loops per module, with a total of eight ports.
Each port will therefore carry a peak rf powerl®0 kW,
at a 6.2 % duty factor.

6 STATUS

A separate paper ithis conference describes in detail
the ongoing modeling efforts teupport theconceptual
design of the RFQ [3]. Benefiting from the resultssath
modeling, thedetaileddesign ofthe first testmodule has
begun. In the next months, a full cross-sectional size 93
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