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Abstract phase" does not decelerate the beam because the fields

The Rf-Focused Drift-tube (RFD) linac structure nside the drift tubes are distorted into transverse

under development at Linac Systems, has the hi‘fﬂ(_:usmg fields with little longitudinal component. The

acceleration efficiency of the DTL linac and the stron%”entatlon of the fingers in the focusing regions

rf-electric focusing of the RFQ linac. Because of the r Iternatg S0 as to create an _alternatlng focusing and
cﬁefocusmg action on the beam in each transverse plane.

electric focusing, the RFD linac structure operates we .
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magnetically f DTL. I iti . R i
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energy between the Q linac, required to capture t |ﬁac structures is shown in Fig. 1. In the range of 1-to-5

unbunched beam from the injector, and the RFD lin . .
can be much lower than for conventional RFQ/DTﬁ\%eV’ the RFD structure has approximately 4 times the

combinations. The acceleration efficiency of the RFQ Isshunt impedance of the RFQ structure.
relatively high, and similar to that of the RFD, at the: RE Efficiency at 600 MHz

lower energies. Because of the rf electric focusing in 1

RFD, the transverse focusing (and beam size) in the R 10
is similar to that in the RFQ. Consequently, no compl \ RED
matching section is required between the two lina 120 e o
The consequences of these merits on the cost Shunt ,/"/'
complexity of small proton and light-ion linac system 'mpedance 80
for scientific, medical and industrial applications will b (ME/m) \'
addressed. 40 ]
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The RFD Linac Structufd resembles a drift tube Proton Energy (MeV)

linac (DTL) with radio frequency quadrupolRFQ) Fig. 1. RFQ and RFD Acceleration Efficiencies.
focusing incorporated into each "drift tube". As in
conventional DTLs, these drift tubes are supported on 2 PRACTICAL LINAC SYSTEMS
single stems along the axis of cylindrical cavities excited
in the TM,,, rf cavity mode. The RFD drift tubes Most proton and light-ion linac systems start with an
comprise two separate electrodes, operating at differdREQ linac section to capture the beam from the ion
electrical potentials as determined by the rf fields in theource and to bunch it for acceleration in more efficient
cavity, each supporting two fingers pointing inwarddinac structures. As shown in Fig. 1, the rf efficiency of
towards the opposite end of the drift tube forming a fouthe RFQ linac structure drops rapidly with energy. In
finger geometry that produces an rf quadrupole fielgroton linac systems, tfRFQs have beecalled upon to
distribution along the axis. The fundamental periodicitpccelerate the beam to an energy of 2.0 MeV or so where
of this structure is equal to the "particle wavelengBix!, the magnetically focused DTL can handle it. thts
The particles, traveling along the axis, traverse twpoint, however, there is a serious mismatch in the
distinct regions, namely gaps between drift tubes wheegceleration and focal properties of the two structures,
the acceleration takes place, and regions inside the drifcessitating some provision for “matching” the two.
tubes where the rf quadrupole focusing takes place. The RFD linac structure provides a graceful way to
This structure uses both phases of the rf fields &ccelerate the small diameter, tightly bunched beams
affect the beam; one for accelerating the beam and th@t come from RFQ linacs to higher energies. Because
other for focusing the beam. In this case, the "reversé the rf electric focusing, the RFD linac structure
operates well at much lower energies than the
* Work supported by the National Institute of Mentalconventional magnetically focused DTL. Consequently,
Health (NIMH). the transition energy between the RFQ linac, required to




capture the unbunched beam from the injector, and the s
RFD linac can be significantly lower than for
conventional RFQ/DTL combinations, perhaps in the 0.5 4
to 1 MeV range. In this energy range, the RFQ has a_
very respectable shunt impedance and the accelerati@ el
and focal properties of the RF#)e very close to that of 3
the RFD. Consequently, little or no matching is requiredk, 20

between the structures. The RFQ structame be bolted @ \\\;’MMN oL

directly to the RFD structure and resonantly coupled to

it. We believe that this new structure will become the RFO DTL 7 Mev

structure of choice to follow RFQ linacs in many o

applications. 0 100 200 300 400
A “matching scheme” between two linac structures Length (cm)

that works well forall beam currents requires that there  Fig. 2. Phase Advances)(for Unmatched RFQ/DTL.
be no discontinuity in the phaaedvanceper unit length

of the transverse and longitudinal oscillations of the two

structures at the point of transition. The two sections
below elaborate on this situation for the RFQ/DTL and
RFQ/RFD transitions. 40
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2.1 RFQI/DTL Transition % 30 ~N
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At the relatively high transition energy (2.0 MeV) of & 2° N
a 425-MHz RFQ/DTL combination, the RFQ has oL
stronger transverse and weaker longitudinal focusing 10 RFO — ey
than the DTL. This situation, where no effort has been
made to match the two structures, is shown in Fig. 2. 0
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The transverse focusing of an RE@n be decreased
by flaring out the vanes and increasing the transverse
radius of the vane tip, which complicates the machining. Fig. 3. Phase Advances)(for Matched RFQ/DTL.
The longitudinal focusing of the RF€an be increased
by making its synchronous phase more negative, and the 5, ot
longitudinal focusing of the DTL can be decreased by
“ramping” the accelerating gradient from a lower value .ﬂ
at the beginning of the structure to the desired value f"\ L'

Length (cm)

somewhere downstream (RGDTL). The “match” that$ 30
can be achieved by these means is shown in Fig. 3. Boﬁj

of these solutions make the linac longer and moreg 20 \ 1\\
complicated. The alternative is to have a complicated

“matching section” between the RFQ and DTL, which \\l T O
would add significantly to the cost and complexity of
linac systems for commercial applications.
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Fig. 4. Phase Advance@)(for Unmatched RFQ/RFD.

2.2 RFQ/RFD Transition

The drift tubes of the RFD linac structure lend them-
selves to miniaturization more readily than do those of
the magnetically focused DTL. Hence, the RFD linac The TRACE-3D program has been used to study this
structure can be pushed to higher frequencies (amderface. The small “mismatch” between the two
acceleration gradients) than can the conventional DTL. structures can be removed by making relatively small

At the relatively low transition energy (0.8 MeV) ofadjustment to the electrical properties of the first few
a 600-MHz RFQ/RFD combination, the transverse ancklls in the RFD linac structure. The resulting solution is
longitudinal focusing of the RFQ and RF&e very shown in Fig. 5. The ellipses on the left represent the
similar, thereby making the “matching” exercise almogphase space of the matched beam in the RFQ and the
unnecessary. This situation, where no effort has beelipses on the right represent the phase space of the
made to match the two structures, is shown in Fig. 4. matched beam in the RFD. The two waviest lines at the
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\/ b o ?58 mf:%ﬁ = Three features of the RFD linac structure combine to
O/ \ ome e &N su it wi igher-
S pone vae ggest that it will have a much higher-duty factor
15 am ol 408 ared |15 leoo 15 o o] 400 ared capability than the equivalent RFQ linac structure: 1) In
e A S the energy range from 1 to 7 MeV, the shunt impedance
/’ i i? §§|§§ K\ of the RFD is 4 times that of the RFQ. Hence the rf
_/ ) power for the RFD is 1/4 of that for the equivalent RFQ.
\J 2) The internal surface area of the RFD is twice that of
T socat 0k | the RFQ. Hence, the power density in the RFD is only
T 1/8 of that for the equivalent RFQ. 3) In this energy
- - range, 90% of the power is dissipated on the cylindrical
z e outer wall of the structure. The task of providing
S controlled cooling to a simple cylindrical structure is
160.1 _mm

significantly easier than that of cooling a vane loaded
Fig. 5. TRACE-3D Solution for Matched RFQ/RFD. RFQ structure.
We conclude that CW operation is eminently

bottom of the figure are the horizontal and Verticatpracti_cal with the RFD linac structure. This, of course,
profiles of the beam through this region. The transver§gMains to be proven.
match is accomplished by making minor adjustments to
the strengths of the first four RFD lenses. The less wavy 4 POTENTIAL RFD APPLICATIONS
line is the longitudinal profile of the beam through this
region. The longitudinal match is accomplished by e expect the RFD linac structure to form the basis
making some changes to the “transit time factors” aff a new family of compact, economical, and reliable
first, third, and fourth RFD gaps. linac systems serving a whole host of scientific, medical,
The RFQcan be bolted directly to tHeFD and the and industrial applications. The principal medical
two can coupled with a resonant coupler. The resonagplications include the production of short-lived radio-
coupler serves to couple the excitation of the two linggotopes for the positron-based diagnostic procedures
structures by locking the relationship of the phase afg@ET and SPECT), the production of epithermal neutron
amplitude of their fields to the desired values. In effecheams for BNCT, and accelerated proton beams for
it will extract the amount of rf power from the RFDinjeCtion into proton synchrotrons to produce the
structure required to excite the RFQ structure. energies required for proton therapy. S-Band versions of
The stronger transverse focusing of the RFD linage structure might prove economical enough to serve as
structure results in smaller diameter beams, which allopg-MeV injectors to 250-MeV coupled cavity linacs
higher frequency operation and imply better couplingcCL) for the proton therapy application.
(transit time factor) to the beam. The higher frequency The principal industrial and military applications
and gradient operation will result in shorter and lesgclude the production of intense thermal neutron beams
expensive linacs for scientific, medical and industrigor Thermal Neutron Analysis (TNA), Thermal Neutron
applications. Fig. 6 show the length of the RFQ/DTIRadiography (TNR), and Nondestructive Testing (NDT).
and RFD/RFD linac combinations cited above foHigh duty factor RFD linac systems could produce

energies up to 7 MeV. nanosecond bursts of fast neutrons to support Pulsed Fast
7 Neutron Analysis (PFNA).
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