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minimize beam loss. We have therefore designed a radio-
ABSTRACT frequency focusing (RFF) aceehting structurehat fulfills
requirements for a smoothansition between RFQand DT

A new design for an accelerating structure in whicHinacs.
charged particles experience continuous acceleration and ) ]
focusing is proposedThe structure ixcited inthe TM Our structure can be designed not jest low energy
mode (notRFQ TE mode)Our calculationshow high part!cles, but fqr energies up to 100.MeV. At this energy, the
intercell coupling forthe rfflow at no loss of efficiency in Particles can, if desired, be injectedectly to thecoupled
comparison to other rf structures. This makes the structuf@Vity (CC) linac, bypassing the use of the DT linac.
insensitive to manufactimg and misalignment errors.
Manufacturing, assembly, and tuning should nodliffecult.

Our design can becaled to operate over a broashge of
wavelengths and can benade from superconductive DESCRIPTION OF THE RADIO-

material. Our calculationshow that the structure can FREQUENCY FOCUSING (RFF)
efficiently accelerate a wideange of particlesfrom low ACCELERATING STRUCTURE

velocity ions to high energy electronsThus, it can bring

particles from energies of several M@ght afterRFQ pre- The design of th&RFF accelerator section is shown in

acceleration) to hundreds of MeV. Our conclusions arEigure 1. The section consists of a cylinder witpaar of

based onthe results of three-dimensional numericapecially designed plungerzotruding from the cylinder

simulations. wall, toward the cylinder axis. A fultavity isgenerated by
introducing a second pair of plungers into tiyinder at a
distance L 43 * A/2 and rotated by 90 degrees.

INTRODUCTION

Many particle accelerators, such hsear colliders,
FELs, high beamcurrent acceleratorgnd so onrequire
very high quality, low emittance beams. In addition to low
emittance, it is advantageous if the beam is under continuous
transverse focusing to minimize partidtessesduring beam
transport. This transversécusing counteractshe de-
focusing effects of space charge forces in the beam.
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Severalvery effective schemesave been developebat
use magnetic fields for focusingdlowever, at lowparticle
velocities, magnetic focusindgpecomesinefficient, and the
design tends to be complicated and expensive.

Figure 1 Cross-Section of the Structure
A significant improvement came with tlise ofthe RFQ

accelerator, which uses rf fields for continu@cseeration

andfocusing,anddelivers ahigh quality particle beam of up A cutaway view of the section is shown in Figure 2. The
to several MeV of energy. At these energib® beam can diameter of the cylinder is variabland isindirectly

then beinjected into a magneticallfocuseddrift tube (DT) dependent on the partickelocity. Forvelocity v =0.4 c, the
linac. The transitiorbetweenthe two accelerators is sensitivediameter equals 36 cm, at wavelength equal to about 70 cm
to the proper matching apace emittanceynd without such (425 MHz). Thehalf-cavity on each end dhe full cavity
matching, beam current losses may be significant. completes the design used for our computations.

In studyingthis problem, we concludettat anextension
of the spatialfocusing and acceleration principlewould
improve matching between two acceleratorsand would



RESULTS OF THE COMPUTATION

We performed calculations using our three-dimensional,
finite differencecode developed for an 80486-based IBM
PC. The calculatedields of the representative section are
shown in Figure 3. Figure 3a illustrates our calculations of
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Figure 2 Cutaway View of the Section Lol Lo oz
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When the structure isxcited in am mode, particles ) I sl
traveling along the z-axis are accelerated in $pace e
betweenthe two pairs of plungers, and afecused as they
ass through the gdpetween eaclpair of plungers. The
P g g I pung a) Z=7.06 cm b)Z=21.2 cm

ratio of acceleration to focusirgirength can be adjusted by
changing the ratio of thepace betweethe two pairs of Figure 3 Vector Plots of&Ey Fields in XY Plane
plungers to the thickness of the plungers. pheodicity of
the structure is determined by planes sginmetry (end
plates) which can benoved along the z-axis toallow the Ex and & components in the X,Y plane at the position
calculations of additional properties of the structure. of the first pair of plungers. Similarlysigure 3b illustrates
the & and & components in the same plane at the position
We have identified a secondjigher order mode ©Of the second (Y-direction)pair of plungers (half
(designated aSTQmode) that can beused forthe same Wavelengthsapart in theZ-direction and rotated 900) In
purposes as tha mode, but with a periodicitthat covers ~ both cases, the focusing components of E fields are indicated
two cavities. This mode displays excellent properties for
acceleration and focusing of lower energy particles,
particularly below v = 0.2 c.The structure hasontinuous T ;
radiofrequency accelerationand focusing, and is S N
considerably less complicated than DT linacs. AN I O N
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The calculated intercell couplingpefficient reaches a N
value of 0.4making it insensitive to manufacturing errors.
Furthermore, rf tuning can baccomplished by slight ‘
changes of cell geometry. For example an increase of i+
cylinder geometry decreaséise resonarfrequency of the
cavity. Similarly, decreasinthe gapbetweenthe pairs of
plungers also decreases the resofrequency.The separate
parts of the structure arelatively easy taonanufacture and
assemble, and because the individual @alts be mad&éom
a single piece ofmetal, it is agood candidate for a
superconductive structure.
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a) B,Ezat X=0cm b) R,Ezat X=0cm
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Figure 4 Vector Plots of Fields in X,Z
and Y,Z Planes

by arrows. In Figures 4aand 4b, we showhe E
accelerating component in the X,and Y,Z planes,
respectively.

In Figure 5, we show field profiles in sevepddnes of
the cavity. Figure 5a illustratethe focusing component g
as a function of axial distance Z. Thegh value of K
occurs inthe space betweethe first pair of plungerayhile
its value is much smaller in the gap of the seqoaid. The



values ofthe  component are reversed: in the gap of the
first pair of plungers, & has a smalvalue, while itsvalue 1

peaks in thespace betweetihe seondpair of plungers. This o
is shown in Figure 5b. \
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a) Relative k Field vs. Z b) Relative EField vs. Z

Figure 5 Field Profiles CONCLUSION

Figure 6 shows the accelerating componenalBng the Our RFF accelerating structureffers efficienttransport
Z-axis, where one caseethe periodicity ofthe accelerating of part|cles_ for a W|d¢range of energies. Theasg of
field. Figure 7 showthe value of field componentEacross manu_facturlng ar)d tgnmmakes the_ structure attractive for
the cavity in the X direction, taken in the middle of thed varety of applicationsand the sipiicity of our design

cavity in the Z direction. makes it possible to explonés use in superconducting
accelerators.

At this time, we have no results of calculatidos the

N\ P tracing of particle trajectories in the structusection.

" \ However, based orour preliminary analysis, we have
concluded that beam quality will be preserved after transport
E " \ / of the beam through the chainRFF sections. We expect to
E \ / continue our study in this direction.
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Figure 6 Relative EField vs. Z



