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Abstract guadrupole and the dipole modes daraction of therods’
spacing.

Prototype models that simulate components of the RF J
which is part of the Spallation Neutron Source front end  «m=
injector [1] are describedThe RFQ operates at402.5 e —— o — -
MHz, a maximumcurrent of 70 mA Hand 6% duty ﬂ l

factor. The first modelmade ofcopper platecaluminum -
is a full size version of one of the four sections of the Vi
RFQ and is used t@erformlow level r.f. measurements p e 1~
of frequency, r.f. tuning, field structure and power
coupling port studies. Iserves to benchmarthe 3D
computer simulation studies and to test assemblyfiakad s Sy s / Crmaarmes
measurement procedurdie secondmodel is aquarter- PSS s i w2 e
wave coaxial resonator is used to perform full-potests B R IR F=—
of high currentsealsandjoints. Thismodel isalso used o = T
to test the prototype of the RFQ tuners. Tesign and |
construction of both modekre presented, awell as test T st s et
results.
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Figure 1 — Computer analyses of the quadrupole and

1 INTRODUCTION dipole modes as a function of stabilizer spacing.

The detaileddesign ofthe RFQ [2]requiresintensive As a result of these analyses, the spabielgveeneach

computer simulations to define the cavity shape as well @s; of stabilizers has been chosen to be 15.5 cm. from a
the optimal configuration of many of the components likg,rizontal pair to a vertical on@nd vice-versa). This

theremode stabilizers (PISL) [3], tunesnidpowerports.  roq,ited in gpredicted quadrupole modift of —11 MHz

While some of the work can tpnewith a 2D codelike ;4 of the dipole modes 836 MHz. These effectsvere
Superfish, whose accuracy is quite satisfactory, the lack @ftored in the main frequency calculatigresformedwith

radial symmetry mandatesthe use of 3Dcodeslike g perfish todeterminethe referenceshape of the cavity.
MAFIA, which are not accurate enough determine final The measurements on theld model provedhe validity
dimensions. A testodel has beebuilt to perform low ¢ this method.

level measurements to validaaed refine the computer
simulations results. Ajuarterwave cavity has alsdbeen 3 COLD MODEL

built to study tuners and seals under vacuum and rf power. _
A full size, 93 cm long RFQcold model has been

built, representing onguarter ofthe actual length of the
2 COMPUTER MODELING full RFQ. This model is intended to validate tt@mputer
studiesperformed and tdelp defining the geometry to a

The main cavity body geometry féle SNS RFQ has paer degree of accuracy than is achievable with MAFIA,
beendevelopedwith Superfish. With the adoption of the

PISL stabilizer scheme, the structure has abm®n
analyzed for mode separationand stabilization. The
insertion of the stabilizer bars has the twofeftect of 516 good rf contacts between adjacent quarter sections. A
lowering theresonancdrequency ofthe quadrupolemode picture of the cold model is shown in Fig. 2. Thisdel

and of'raising the frequency of the degen.eratel dipole mofies all vacuum penetrations, powaupling ports and

A family of MAFIA simulations, summarized inFig. 1, ner ports, but it is not built toperateundervacuum or
shows theeffect of the stabilizerrods on both the ity sybstantial rf power. Piston tuneaeealso provided,

The model ismade ofaluminum, with ahard (acid)
copper plating taguarantee atableand strongsurface to

* This research is sponsored by the Lockheed Martin Energy Research Corporation under the U.S. Department of Energy, Contract
No. DE-AC05-960R22464, through the Lawrence Berkeley National Laboratory under Contract No. DE-AC03-6SF00098
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as well asadjustableend flanges to properlydefine the 402.5 MHz frequency. The tuners will bring the cavity to
tuning of thevane ends. Aset of sixemode stabilizers, the operating frequency. This means that the cavigs-
three inthe horizontalandthree in the vertical plane, is sectional dimensions do not need tochangedgiven the
installed to validate the mode separation analysis. chosen stabilizer bars spacing. Figure 1 shows the

Figure 2 - The Cold Model Cavity

A computerbasedmotion controland dataacquisition

system hasbeen used to perform field perturbation

measurements with the well knowwead-pull method.
The setup habeenmodified from the existingstructure
that wasused at LBNL tomap the higherorder mode
structure of PEP-II cavities [4]. lorder to beable to

observe both the H and the E fields, a set of four alum

spheres were run along the vane tips, whereas a fmtrof
aluminum beads were run along the walleathquadrant.
To accomplish this, four motors/ere employed, with
eachmotor servicing onequadrant anccontrolling one
dielectric and one metallic bead.

The data acquisition system,based onthe IGOR
commercial software packageinning on a Macintosh

platform, controls the motors via the RS232 bus. T

program determinethe beadpositions and ensures that

only onebead isinside the cavity at any given time. An

HP8510 networkanalyzer is used to perforie S21
measurementhat is used toobservethe effects of the
beads on the cavity. The instrumentsiftware controlled
via the GPIB bus which allows also for tlransfer of the
acquired data tothe computer. Dataanalysis is later
performed using separate software.

4 COLD MODEL TEST RESULTS

The perturbation measuremeratowed the validation
of the chosen cavity geometry. Theaveguide cut-off
frequency was found at 402.18 MHz, close to réwpiired

measured quadrupole modecomparison with the results
from computer simulations.

Quadrantperturbation testsvere performedusing the
available 12 tuners with the goal of judging the quality of
thet-mode stabilization. The perturbation of cogadrant
by 1.53 MHzchangesthe azimuthalfield symmetry by
less than 2.7 %. This satisfactory resfiftalized the
current stabilization scheme.

Another important resulbbtainedfrom the cold model
perturbation measurements is the tuning ofehéplates.
The vane toendplate capacitance is balancegjainst the
inductance of the vanendercut at aesonantrequency of
402.5 MHz that matches the cut-off frequency of Wase
guide. With the help ofletachablevane ends ofvarious
length it hasbeenpossible tofind the optimum vane
termination geometry.

The overall performance of the tuners was asiified.
By moving all twelve tuners to their fulljnserted and
fully extractedposition, a total tuningange in excess of
2 MHz was measured.

5 HOT MODEL

The hot model is designed to test rf sealing
configurations on fullyannealedOFE copper aswell as

"'%léner designs. To accomplish these taskguarterwave

geometry was chosen for its simplicitgnd ease of
fabrication. The cavity isdesigned to reacpeak surface
currents of the same density as the oresghed in the
RFQ walls. This implies that the cavityperate under
vacuum and be capable of taking a 6% duty factdigh

power pulse.

The cavity ispowered by a tetrode-based 15 kW peak
eoweramplifier, the components of whiakiere provided
y LANL. Using theenergy stored in a capacitbank,
the system will run at a 1 ms long pulse with 60 Hz
repetition rate, thus matching the operating conditions of

the SNS RFQ.

The less than 1 kW average powetrésnovedfrom the
cavity by a spit-tube flooding the inneonductor of the
resonator. The power coupling loop is atsmwled in its
outside wall.

The rf sealing geometry is designed to allow for testing
of several types of seals. In particularcapper-to-copper
configuration wascompared tosealingtechniquesbased
upon indium or tin. The hot model cavity is shown in
Fig. 3.
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7 STATUS

The final dimensions of the RFQ cavity, including the
vane undercutsand end plate positions have been
determined andfinalized aided by the measurements
performed on the coldhodel. Thebead-pullsetup is how
available for use tacharacterizethe fields and assembly
accuracyduring the cavity manufacturing, assembly and
brazing processes.

The baseline rfand vacuum sealing desighas been
established and will be tested in the hot model power tests
that are soon to beginThesetests will also allow the
conceptual development of the rf tuners.
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The rf tuner isdesigned tdchelp optimizing thepiston.
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Table 1 — Rf seal measurements results.

The good performance dahe copper-to-coppesealled to
the decision to adopt it athe baseline in the first RFQ
test module currentlyunder design. This avoids the
problemsassociatedvith using a metal seal on the fully
annealed OFE surfacesdallows for the use of aubber
elastometer as the main vacuum seal.

The cavity is going to bpoweredsoon todevelop the

tuner design. This phase will also allow validate the
adopted rf seal.
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