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Summary

In order to increase the beam capture efficiency of
Argonne's heavy ion linac to over 70%, a single cavity
harmonic tuncher has been designed as a replacement for
the existing fundamental frequency buncher Because
the beam line space between the 1.5 MeV Xe+I preaccel-
erator and first accelerating cavity is at a premium,
especially in the tunnel area near the preaccelerator,
a single cavity design was undertaken. In addition, to
further conserve access space, the cavity was designed
to fit directly beneath the beam line. The cavity is
designed to resonate at the fundamental linac frequency
of 12.5 MHz and its first harmonic, 25 MHz. This was
accomplished by nesting the 25 MHz resonant section
inside the larger 12.5 MHz resonant section. Both
sections are heavily capacitively loaded, folded co-
axial Tlines with two 0.008 m accelerating gaps per
section. The cavity was designed using a transmission
line model taking account of the capacitances of each
discontinuity and by use of the RF cavity computer pro-
gram "Superfish.” The transit time factor for the
cavity gaps was calculated using the computer program
“poisson"? and are 0.44 for the 25 MHz section and
0.70 for the 12.5 MHz section. The transit time fac-
tors are "poor" because of the large linac aperture of
0.049 m.

Introduction

Argonne National Laboratory (ANL) is currently develop-
ing the injector of a heavy jon beam driver for the
inertial confinement fusion program. The first phase
of the program is to accelerate about 25 mA of Xet

from a 1.5 MeV preaccelerator to 8.84 MeV in a low beta
RF linac. There are plans to eventually reach 220 Mev.
The first section of the linac utilizes independently-
phased short linac resonators with a FODO focusing
lattice. These are to be followed by a double-stub
Wideroe linac to reach 8.84 MeV. Three (of a required
five) independently-phased cavities, as well as a
single cavity buncher at 12.5 MHz, have been installed
and tested with beam.

There are two problems associated with the use of a
single cavity buncher. First, a single cavity buncher
has a bunching efficiency of at best only 66% without
considering space charge effects. Space charge
effects with large currents will further reduce the
efficiency to about 50%.5 Second, a single cavity
buncher does not fill the Tongitudinal emittance of the
linac uniformly. On the other hand, a harmonic bunch-
er will have a bunching efficiency of 70% even when
space charge effects are considered and fills the
longitudinal emittance more uniformly. However,
the harmonic buncher will take up more space in an
already crowded beam line.

Harmonic Buncher Resonator Design

Because of the lack of ceiling height in the turnel and
a desire to preserve access space to the sides, the
harmonic buncher cavity has been designed to fit
vertically below the beam line. This requirement
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restricts the maximum cavity height to about 1.6 m to
beam line center. Since the resonant sections are
designed as quarter-wave coaxial resonators, they will
require heavy capacitive loading to fit in this space.

A drawing of the cavity is shown in Fig. 1. The center
section containing the two inside gaps is designed to
resonate at 25 MHz. The gaps are designed to be
3 1 apart in phase at 25 MHz. The top section con-
taining the gaps is designed using a 0.149 m ID copper
tube which forms a 106 Q coaxial line with the center
0.025 m OD copper tube. The lower portion of the
cavity is designed using a 0.114 m ID copper tube and
forms a 77 Q coaxial line with its center conductor
The capacitance is provided by the open copper cylinder
attached to the stem of the drift tube. At the bottom
is an adjustable short to tune the section to reso-
nance. Contact pressure for the shorting fingers is
provided on the inside by a hose clamp and to the
outside by a specially designed "outside" type hose
clamp. Also at the bottom are provisions for a
RF power coupling loop, fine tuning ball, and RF
pickup loop. The center conductor of the section is
provided with water cooling. The maximum length of
the section from beam center line to short is 1.55 m
which allows about 0.05 m for bottom vacuum flange and
water connectors.

The section of the cavity containing the two outside
gaps is designed to resonate at 12.5 MHz. The gaps
are designed to be 3 m apart in phase at 12.5 MHz. The
top section containing the gaps is designed using a
0.211 m ID copper tube which forms an 18.35 2 line
with its 0.156 m OD copper center conductor. The
center conductor is open at the top. However, it is
long enough so that it is cutoff for both 12.5 and
25 MHz. The capacitance as well as a large fraction
of the inductance of the resonant section is provided
by the open cylinder which forms a 2.98 2 line with the
0.387 m ID outside copper cylinder. The 0.127 m.0D
center conducter forms a 66.9 Q@ line with the outside
cylinder and a 62.3 @ line with the inside open cylin-
der. It also provides a part of the inductance of the
resonant section. At the bottom is an adjustable short
for tuning the section. Contact pressure for the
shorting fingers is provided by inside and "outside"
type hose clamps. Also, at the bottom are provisions
for a RF power coupling loop, fine tuning ball, pickup
loop and vacuum monitor. The maximum length of the
section is 1.28 m from beam center line to short. It
is foreshortened because of the access space require-
ments of the 25 MHz section.

A model of an earlier version of the cavity was con-
structed using stocked large sized aluminum and copper
pipe to confirm transit time factor and study field
penetration into adjacent resonant sections. This
model had a = drift space between gaps and a calculated
transit time factor of 0.35 at 25 MHz. A bead pulling
measurement confirmed the lack of field penetration
and calculated transit time factor. Subsequently,
bunching efficiency studies have led to the present
3 7w drift space cavity design.
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Design Method

Two methods were used to design the cavity and calcu-
late its properties. The first used a transmission
line model accounting for the fringing capacitance of
each discontinuity in the line.’ The second used
the RF cavity computer program "Superfish."

In using the transmission line method each part of the
resonant section with different inner to outer diameter
ratios was modeled as a coaxial line with characteris-
tic impedance, Zy = 60 Tn (Dgpq/Did). The gaps were
represented as the sum of their gap capacitance and
fringing capacitance. The impedance of the gap (open
end) was transformed tg shorted end by the ideal trans-
mission line equation.

7 - Z]oad'+ § 7, Tan gd
0 Ly, + 3 Zygaq Tan &d

Zinput

where d is the length of each uniform impedance sec-
tion and B is 2m/wavelength. At each geometric line
change the fringing capacitance was calculated and
added in parallel to the above to form the Zjgaq of
the next section. This process was continued until
the short was reached (the resonant condition).

The second method using "Superfish" required that an
irregular triangular mesh be generated. The differ-
ence equations for axisymmetric fields were solved
using a direct noniterative method. Resonance freguen-
cies, fields and other quantities were found for the
fundamental as well as higher modes for complex geome-
tries as shown in Figs. 2 and 3. Figures 2 and 3 are
slightly enlarged for greater clarity and are of the
earlier version of the cavity ( m drift space). The
transmission line model and "Superfish® are in agree-
ment to within 1%. The resonant sections were studied
separately. The results for the 12.5 MHz section are
shown .

Transit time factors for the cavity gaps were calculat-
ed from the electrostatic field distribution found by
using the computer program POISSON. These results
agreed with the calculations of the computer program
WIDEROE .8

For a drift space of 3.64 m between buncher and first
linac cavity, bunching voltages of 20.4 kV/gap and
16.22 kV/gap are required for maximum efficiency at
12.5 MHz and 25 MHz, respectively. The power require-
ments using the above transmission line model are
3.5 kW at 12.5 MHz and 1.4 kW at 25 MHz.

Conclusion

A compact harmonic buncher cavity has been designed
for Argonne's low beta Xe*l linac. The resonant
sections are nested together to save beam line space.
The cavity is approximately 1.5 m in height and at its
maximum 0.4 m in outside diameter. It takes up only
0.22 m of beam line space. The computer program
"Superfish" and a transmission line model of the
resonator were used to calculate its properties.
Considering the complicated geometry, excellent agree-
ment (within 1%) was achieved.

Acknowledgement

We wish to express our appreciation and acknowledge the
design assistance of R. Stockley and J. R. Korn.

3044

References

K. Halbach and R F. Holsinger, "Superfish - A
Computer Program for Evaluation of RF Cavities
with Cylindrical Symmetry," Particle Accelerators,
Vol. 7, pp. 213-222 (1976).

ANL version of POISSON by R. F. Holsinger.

J. M. Watson et al., "The Status of the Argonne
Heavy Ion Fusion Low-Beta Linac," (to be published
in the proceedings of this conference).

R. Perry, "Multiple, Harmonic Buncher for a
Linear Accelerator," ANLAD 74, Argonne National
Laboratory (1963).

S. Jorna and R. Janda, "Performance of a RF
Buncher and Transport System." PD-LJ-80-228,
Physical Dynamics, Inc., La Jol1la, Ca., {1980)

R. C. Emigh, "Double-Drift Buncher," Proceedings
1968 Proton Linear Accelerator Conference, BNL-
50120 , Brookhaven National Laboratory, (1968).

G. L. Ragan, "Microwave Transmission Circuits,"
Vol. 9, Rad. Lab Series, McGraw-Hill (1948).

Wideroe Linac Code by J. Staples, Berkeley.



VN

AN

=
\\-. ‘ﬂ///

SECTION B-B

0

L.
N A
Py N \IB-N
~H U }
f %48 7 vomwum| vl )
R g
* ]
38.74 ]
8.68
143
SECTION A-A = !
scale 2:1 35.91—
i — rere il
T ||| |~
= R

DIMENSIONS
IN CENTIMETERS

Fig. 1

Drawing of Harmonic Buncher Cavity
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12.5 MHz Section Triangular Mesh

12.5 MHz Section Electric Field Plot
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