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The new Rf-Focused _Dift-tube (RFD) linac structure feature ofthis structure is thability to have a relativeligh
resembles a drift tubdinac (DTL) structure with rf voltage onthe relatively low capacitance accelerating gap
quadrupole (RFQ) focusing incorporatécto each “drift while putting an adequate voltage on the focusing region.
tube”. As in the conventional DTL structure, these dulftes

are supported on single stems along the axis of a cylindri¢gl Evolution of the Geometry

cavity excited in the TM, rf cavity mode. Four electrodes of

each drift tube couple energy from the primeayity mode to when first conceived,and awriginally described, the rf
produce rf quadrupole focusing fields alotng axis of the focusing fields were completely containeithin a drift-tube-
drift tube. The rf properties ofhis three-dimensional |ike metallic shell. Indeed, theigere some gaps ithe shell
structure are being studied with the aidH6{SS(3D-rf code), allowing thefore- andaft-portions of the driftubes toride at
CHARGE-3D (3D-electrostatic codegnd SUPERFISH (2D- (ifferent potentials, as determined by the axial electric field of
rf code). The beam dynamics othis structure isbeing the drifttubelinac structurethereby giving rise to a potential

analyzed with the aid of aew PARMILA-lke beam difference acrossthe internafour-finger geometrythat
dynamlcs COde, PARN”Fb.nd TRACE-3D. The results of produced the rf quadrupo|e focusing field.

these studiesnd descriptions of our target applications are

presented. Even though a portion of the cell excitation is called upon for
) excitation of the rf quadrupole lens, the entire cell excitation
l. Introduction is available for particle acceleration. The potential differences

betweenthe centers of driftubes inthe RFD structure is
The RFD linac structurg resembles a DTL with RFQ exactly the same as it is in the DTL structuretfar sameell
focusing incorporated into each "drift tube". As in #&ngth and axial field.
conventional DTL, these drifiubesare supported by single
stems along the axis of a cylindricehvity excited in the In the DTL linac structure, the dritubes concentrate the
TMy,o f cavity mode. Thesédrift tubes" comprise two axial electricfields intothe vicinity of the gaps resulting in a
separate electrodes operating at different electrical potentialst acceleration from the rf fieldsxpressed quantitatively in
as determined by the fields in the cavity, each supporting terms of a transit timéctor. In theRFD linac structure, the
two fingers pointing inwards towards tloppositeend of the rf quadrupole electrodes extettte average potential of the
drift tube, forming a four-fingegeometrythat produce an rf drift tube alongthe axis towards the gaps, resulting in a
qguadrupole field distribution along its axis. concentration of electric fields ithe gapsand acceleration
from the rf fields, expressed in terms of a transit time factor.
The fundamentaperiodicity ofthis structure is equal to the
"particle wavelength'BA, wherep is the particlevelocity in  For very shortRFD cells, where aubstantial portion of the
units of the velocity of light and\ is the free-space cell voltage is required acroske rf quadrupole lens, the
wavelength of the rf. The particles, traveling along the axwiginal configuration tended to elongate #féective length
traversetwo distinct regions, namely gajpetweendrift tubes of the gap fields, which resulted in a redudeshsit time
where the acceleration takes place, and regions inside the @iftor and acceleration rate. Our princip&®FD geometry
tubes where the rf quadrupole focusing takes place. now involves rf quadrupole lens electrodeat areexposed to
the rf gap accelerating fieldsThis results in transit time
This structureuses both phases tife rffields to affect the factors, forthe RFD linac structure, that are similar those
beam; one for acceleratinthe beam and the other forof the more familiar DTL linac structure.
focusingthe beam. Inhis case, théreverse phasedoes not
decelerate thbeam becausthe fields insidethe drifttubes As originally conceivedthe rf quadrupole lenslectrodes
are distorted into transverstocusing fields with little were supportedhrough thin rings oteramic from a water
longitudinal component. The orientation of the fingers in tie@oled drift tube body, supported from theank wall on a
focusing regions alternate so as to create aftarnating single stem as shown in Fig. Recently, we havdeveloped
focusing and defocusing action onthe beam in each an understanding of theffects ofinductive stems on the
transverse plane. structure.  Circuit-wise, these inductive-stem diifibes
appear as LC circuits in series with the dtifbe linac gap
The distribution of/oltage between an acceleratip and a capacitances. They offer better cooling thoe two essential
neighboring focusing region is inversely proportional to thelectrodesand elimination of theeramic spacers. They still
intra-electrode capacitance of each region. A most interestifitgr a completarift tube package supported fromne tank
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wall at a single point. The relative alignment of foar will be more transportablthat theirpredecessorand, when
fingers can be inspected “on the bendrid adjusted if required, will be easier to enclose in radiation shielding.
necessary. This preserveghe simplicity of installation and
alignment of our original configuration. Fig. 2 compares the acceleratiefficiencies for severdinac
structureshat have been considered for 850-MHz operation,
The latest step in thevolution ofthe RFD geometry involves including the RFD, a permanent-magnet-focused DTL
the development ofthe “bare quad” configuration, whicHPMQDTL), bridge-coupled DTLtanks (BCDTL)? and
resembles four bare rods surroundedviayring electrodes at Coupled-Cavity DTL cells (CCDTE) The data are raw
different longitudinal stations, each of which are attached SWPERFISH results without any degradation for support
an opposingpair of rods. Theods provide a gootransit stems, post couplers, coupling slots, bridge couplers, joints
time factor for acceleration dhe particlesand a minimum and/orsurface finishes. The gap lengths in alases were
capacitive loading to the drifubelinac circuit to insure the BA/4. TheRFD and PMQDTL, which include provisions for
highest possible acceleratiorefficiency for a DTL-like beam focusingvithin thebasic structure, havgore diameters
structure. The ringprovide a source of excitation ftme rf of 3 mm and areassumed to be long structures without
guadrupole lens. significant endeffects. The BCDTL and CCDTL structures,

Fig. 1. Evolution of the RFD Geometry. which do not provide focusing within the basic structure, have
bore diameters of 6 mend arebroken at intervals offB\ for
insertion of focusing elements with lengths of A5 The
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powerandreal-estate losses associatdth these breaks are
<& s included in the net results. The driftoes ofall structures,
&l & exceptthe PMQDTLare 20 mm in diameter; the diameter of
N\& NN . .
the drift tubes inthe PMQDTL are 50 mm t@accommodate
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The RED Linac Structure is also extendible to lower energies
than possible for magneticallfocused structures. At all

Inductive

Ceramic

Spacers Stems proton energieabove0.5 MeV, theRFD structure, as shown
— in Fig. 2, is morethan competitive withthe RFQ structure.
At 0.5 MeV, theRFD structure is approximately equal to the
RFQstructure in acceleraticgfficiency; at 1 MeV, it is twice
as efficient as the RFQ; at 2 MeV, it is 4 times more efficient;
and at SMeV, it is 10 times more efficient. THRFD Linac
Original Config. Exposed Inductive Stem  Bare Quad with Structure has significant advantagesateleratiorefficiency
Metal Shell Lens Elements No Ceramic Excitation Rings

over both RFQs and other DTL-like structures.
IV. Tools for the Development

Ceramic Spacers Ceramic Spacers  Better Cooling Better Cooling

[1l. Merits of the Structure

The RFD Linac Structure opens thaoor to 850-MHz 200
DTLs, just as permanent magnet quadrupalpsned

the door to 425-MHz DTLs a decade agBachfactor

of two in frequencybrings an order of magnitude 160
reduction in thespace available for focusing element

The electrodes of the RFD are more readily scaleabl

small dimensions than are permanentmagnet 772
qguadrupoles. (Ma/m)

120 F yRFD

80 F RFQ [ BCDTL

Higher frequencies imply shorter cellsnd require CCDTL
smaller diameter beams for efficient acceleration. RI N
i ; . . . 40
linacs, whichemploythe same rf electrifocusing as in PMQDTL
RFQ linacs, will have the same small diamebsams
that we have in RFQ linacs. 0 t
. ) . L 0.0 0.1 0.2 0.3 0.4
These h_|gher frequenqles offerh|ghe( eff|C|enc_|es 0 5 5 20 45 85
(shunt impedances)higher acceleration gradients
(shorter structures), less gower to generate,less Beta & Proton Energy (MeV)
thermal load on theooling system, less weight, anu

less surfacarea to evacuate. Thesempact structures Fig. 2. Acceleration Efficiencies for Several Linac Structures.




The designand optimization of the drifttubes ofthe RFD The analysisand optimization of thebeam dynamics inhis
Linac structure represents one of the most challengisigucture represent another challenging technical task.
technical tasks in thdevelopment ofhe structure. As the A PARMILA-like beam dynamics code, PARMIRH&se Ad
interior of the drifttubesare highly three dimensionalse of Radial Motion In RFDs), was written to facilitatéhe study of
a 3D-RF code isequired for precise information on resonarthe beam dynamics inthis new linac structure. PARMIR
frequencies, field distributions, power dissipatiand other simulates multiparticle beam dynamics in drift tube linacs
cavity parameters. that employ rf focusinginside the drift tubes. The
formulation includeshard- andsoft-edged quadrupole fringe
Calculations are currently in progress usirtdewlett fields and dodecapole effects. This code has been used
Packard’s High Frequency Structure Simulator (HF&®)e, extensively in our studies dhe RFD structure. Recent
a 3D Finite Element RF andlicrowave Modeling Code. It modifications include a more precise soft-edfrgnge field
utilizes a solid modeling user interfackas afrequency treatment, adjustability obore sizeand lensvoltage with
domain solverand requires at least one port to excite thbeam energyand incorporation of a variety opossible
structure. Output is in the form of s-parameters, fields, afotusing optionsthat may be advantageous feme
field derived quantities. The elements of tieometry are applications.
tetrahedrons andstructures can bedeveloped as many
different regions of differing element sizesThis allows Usefulinformation of the performance of these structures can
accurate modeling, even famall irregularobjectswithin  be obtained from theell knownlinearbeam dynamics code,
larger structures, with a manageapteblem size. The meshTRACE-3D. TheRFD structure can bdescribed to TRACE
is createdand adapted automatically by theode. For by using threetypes of elements; an RFQuith no
complex geometriesthe mesh generatiggrocesscan be acceleration, a driftand an rf gap.Even though it cannot
enhanced by “seeding” certain regions with usefined simulate non-lineafields or space charge forcescényield
meshes. The code supports lossy materials and boundariesaluable information on the properties of the matched beam in
the structures and a measure of their relative performance.

We have usethe results fromHFSS to verifythat rf energy

does indeed geinside the drifttubes, to reveathe field Thermal and mechanicahalyses of the structurase being
distribution along the axis of the drift tube, to establish tlmwnducted withthe aid of the finite element analysisde,
voltage division raticbetweenthe drifttube gap and the rf COSMOS/M.

lens, to gesomeindication of the strength ardistribution of

the rffields insidethe drift tube, to gesomeinformation on /., Applications for the Structure

the distribution of the electrifields near the axis of the

structure, to establish teequency perturbatiothat thedrift At the present time, we are addressingdéeelopment of the
tube body capacitance imposes dhe structure, and to gefRFD linac structure towards three distinctly different proton
some idea ofhe ratio of the rpower lossesnside the drift heam applications, namely;

tube to the losses in the rest of the structure.

1) Intermediate Energy (6-14 MeV), High Grad. (10 MV/m),
Once theeffective properties of the interior of the drifttbes | ow Duty (0.5 - 2%), Proton Accelerator ftie PETIsotope
are determined by three dimensional calculati@ftective production and/or Proton Synchrotron Injector Applications,
usecan be made of the two-dimensionakefles, such as
SUPERFISH, forfurther optimization of the structure. Wep) High Duty (100%),Low Energy (2.5 - 4 MeV)Low Grad.
have conceived of 8UPERFISH geometrthat presents the (1.5 MV/m) Proton Accelerator to producBhermal and
correct capacitive loading to theavity and has theorrect Epijthermal Neutrongor the Neutron Radiograph¥hermal
effect on the axial field distribution. The resonafeutron Analysis (TNA), and Boron Neutron Capture
frequencies, voltage division ratioand transit timéactors Therapy (BNCT) Applications, and
agree quite well with those rendered H¥SS. HFSS has
Sgrved tO'Verifythe Utlllty of SUPERFISH forgeneral RFD 3) VeryH|gh Frequency (3 GHz), H|gh Energy (40_70 MeV),
Linac design purposes. High Gradient (12 MV/m)Low Duty (0.1 %), Low Current
(1-mA) Accelerator for the Proton Therapy Applications.
The multipole content of the ffelds insidethe fingers are
essentially identical to what we find for electrostatiy/] References
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