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' ' ............ i.._ Abstract
................... ' "- operat_agfrequencytobe the 16rhharmonicof the ATLAS
Thh ,paperreportsa designfora niobiumsupercon-bunchingfrequency,or194MHz.

ductiagRFQ operatingat 192Mhz. The structureisof_e
rodandpos,ttYPe,,novelinthateachoffourrodsi_support- Tl_eResonatorGeomeL,'y
cd by twopostsorientedradiallywithrespecttothebeam
axis.Althoughthegeometryhasfour-foldrotationsymme- FigureI showstheresonatorgeometrychosen.
try, the dipole-quadrupole mode Splitting h large, giving Although the structure has four-fold rotational symmetry, as
good mechanical tolerances, The simplicity of the geometry is shown below, the dipole-quadrupole mode sepm'ation is
enables designing for good mechanical stability while lm'ge, yielding good =mechanical tolerances, The mode
miaim_ng tooling costs for fabrication with niobium, separation results from the large electric-field coupRng
Results of MAFIA numerical modeling, measurements on between the longitudinal rods or vanes, the inductive
a copper model, and plans for a beam test are discussed, coupling between the radial posts being relatively weak in

this geometry.
Introduction

The four-fold symmetric rod and post geometry has
Although cw electric fields exceeding 100 MV/m have several advantages for construction of a superconducting

been achieved in a superconducting niobium RFQ structure, niobium RFO:
the structure,tested had vanes only 6.5 cm long, and was not
suitable for _ccelerating beam [1]. While several possible 1. 'lhc good mechanical tolerances are compatible with the
superconducting RFQ accelerating structures have been pro- need to heavily chemically polish the niobium surface, with
posed [2, 3], neither high gradients nor adequate mechanical resulting uncertainties of tens of microns in the final
stability have been reported, position of the haterior cavity s,rfaces.

"lhc RFQ design presented here is intended as a next 2. The cost of tooling and fabricating in niobium arc mini-
dcve|opment step for the niobium short-vane RFQ, and ha.s mized by the simplicity of the structure, which can bc
the follo_,,dnggoals: formed by joining eight simple 'T' sections.

I.See ifhighacceleratingficldscan be obtained[na
superconductingRFQ structureofusefullength(50cre).

.I"
2. Be designed to permit testing with beam at the ATLAS
heavy-ion facility.

3, Be sufficiently mechanically stable to permit cost.effective - _ r:operation in low-beam.current applications. This is a most ,,"_, "
important requirement, since phase-stabilization of superco-
nducting structures in low-currentapplicatio_s can be..
expensiveanddifficult[4,5], "

The potential for testing with an ATLAS heavy-ion
bez,m provides _e.at flexibility [6]. The velocity profile, and
thr. vane modulation, can br:,specified without knowing
precisely what electric field gradients can be achieved, since
the charge-m-mass ratio Q/A of a tc,stbeam can be varied
over a substantial range, fiom 1/10 to 1/2. A test area is
avaiIablr-in which a bunched beam of velocity as low as .02 Fig, 1 1.9.4MHz, four-fold symmetric rod ar,d post struc-
c can be: made available. To permit such testing, the turc, The vanes or rods are 50 cm long. The relatively
entrance velocity of the structure is chosen, to be..0.02 c, and large diameter of the rods is not only practical in a superc-
the onduai_structure,butde.sirab,lcforgoodm_cal sta_,

_I OISTRIIBIJ'RON OF "tHIS DOCLJMEI',,rTtS UNLIMITED
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3. Since peak surface field, rather than shunt impedance, is Elgeafrequendes
the primarydesign constraint for superconducting niobium
structures, the rod and post structure can assume massive The lowest electromagnetic modes of the structure were
proportions, providing excellent mechanical stability, calculated and measured as:

Vane Design Mode MAFIA Resu;lt Model Measurement

The design goal is to match an ATLAS Z3aU_+ beam Quadrupole 160 MHz 158 MHz
on the optimistic assumption that surface fields as high as
were obtained ha the earlier short vane tests can be repeated Dipole 179 _,79
in the larger RFQ structure. If the superconducting struc- 179 179
turn is limited to l[owersurface fields, it will be matched to
(lighter ion) beams of higher Q/A, so that a beam test at Although within the bandwidth of the normally con-
ATL.ASwould be possible for a range of possible accelcrat- ducting model the two dipole modes are degenerate., they
ing gradients, will surely be distinct hathe superconducting resonator. The

dipole-quadrupole mode separation is ample, and insures
With the above considerations givingthe starting point broad mechanical tolerances for the structure, simplifying

for the design, we assume the following parameters: construction in niobium,

Frequency 194 MHz Mechanical Stability
Vane Voltage 200 KV
Entrance velocity 130= 0.02 A high-degree of mechanical stability is particulaHy
Transverse Emittance _zx = 10rr mm-mrad desirable for low-beam-current applications of the device
Longitudinal Emittance _z = 40_r KeV-asco because of the difficulty of stabilizing the rf phase of high-O
Minimum aperture (radius) 3mm superconducting resonators !n the presence of microphonic-

induced-excitation of mechanical vibrational modes of the
The vane modulation is chosen to yield as high an accelerat- cavities,
ing gradient as is consistent with good longitudinal and
tr_sverse focussing, and the requh'cment to maintain a low This difficulty is best quantified as the reactive power
peak surface electric field. Some parameters of the result- capability required of the resonator rf tuning system, given
ing design are: by

Pre.aet= 8¢r 8f Urr
Modulation factor 2.34

Synchroao.us Phase -30° where 6f is the p-p eigenfrequency jitter, and U_fis the total
Number of cells 24 rf electromagnetic energy in the resonant cavity. The
Overall l,.ength 50 cm present fast-tuning system for ATLAS operates at a typical
Peak surface electric field 120 MV/m capacity of Pre.act= 10 KVA, with a maximum capacity of 30
Mean Accelerating Gradient 8 MV/m KVA.

lt should be noted that the above accelerating gradients do The electromagnetic field energy for the quadrupole
not represent the expected performance for the supercondu- mode of the copper model structure was calculated by
cting structure, but are the upper limit of possible pt.:for- MAFIA and checked by bead-pull frequency-perturbation
mance which could still be tested with beam at ATLAS. A measurements as: Urf = Z6 Joules for a vane voltage Vvar_¢
gradient of half the above values would represent exception- = 100 KV (the voltage between adjacent vanes is twice this
al performance for a cw RFQ. value).

Resonator Modeling The mechanical stability exhibited by the copper model
is excellent. Under conditions typical fort operation of

Structure defign has been based on numerical modeling superconducting resonators for the ATLAS linac, ambient
using the MAFIA code_ Key parameters have been checked microphonic-induced rf eigenfrequency jitter was less than
by measuring the properties of a room-temperature model 50 Hz, peak-to-peak. In previous development, the micro-
resonator (with unmodulatod vanes). The model resonator phonic behaviour of room temperature models has been a
is of slightly larger OD and lower frequency than the good indicator of on-line behaviour for superconducting
planned superconducting niobium structure shown haFig 1. resonant cavities in the ATL.AS linac.
lt is.,however, sufficiently close to the final version to _how
qualitatively the electromagnetic and mechanical properties This observed level of vibration is within the capacity of
of the design and is the version discussed below, the existir_gphase-stabilization system for V,,,ane < 300 KV,
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well beyond any performance expectation forthe supercond- Work is currently in progress to construct and test the
uctLagRFQ. superconducting device described above as a collaboration

between Argonne National Lat'_ratory and Acc.S_ Technol.
Field Flatness and Surface Fields ogy Inc." (through the lr ,'.. Department of Energy SBIR

program).
MAFIA results indicate that variation of the rfvoltage

along any vane or rod due to baductive voltage drop is less Acknowledgements
than 3%. The variation is small and can be accommodated
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The peak surface electric field, occurring at the vane
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