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Abstract characteristics at different acceleration (energy) stages [1],

We report a conceptual design of a 35 MHz re-bunché few RF re-buncher cavities are needed. In this paper we

RF cavity for a radioactive ion beam facility (RIB) called lr\ja(;rtqagrete?fv:[/xerlz;wﬁﬂCrrlze-lrjlfr?(\:/rl:)e/rdlglszlgcr;/'i t; fv(\)/lhctig 5’55
ISAC (Isotope Separator and ACcelerator) at TRIUMF Inproposed to be used for the phase rotation between the RFQ

Canada. The 35 MHz re-buncher cavity will be Operaténd the DTL
ing at CW mode to preserve the beam intensity. Due to '
the space limitations, a folded quarter-wavelength structure

with two accelerating gaps may be favoredhaligh other 2 CAVITY SPECIFICATIONS

structures have been considered. MAFIA simulations show ) ) )

that the folded quarter- wavelength cavity has a 1.46 M The 35 MHz re-buncher CaV'tY will be oper_atl_ng at CW
shuntimpedance at = 0.018 and quality factor of 19,000. mode to preserve the beam intensities. Limited by th_e
To ensure the mechanical stability of the inner conductorPac® available between two quadr_upole magnets (see Fig-
ceramic support structures and possible RF windows hal€ 1), & double gap RF structure in the form of a loaded

been considered. RF power losses on the ceramic mafilarter wavelength coaxial line is favored. The design
rials as well as on the inner conductor have been studied

carefully to find the best locations to place the supports;
windows and possible cooling channels. Discussions op ‘
the tuner and coupling loop designs will also be presented. __ __

1 INTRODUCTION

A radioactive ion beam (RIB) facility named ISAC (Iso- ‘
tope Separator and ACcelerator), funded by the Canadign : j B
federal government in 1995, is currently being built at TRI- ' ‘ '
UMF. The ISAC facility consists of a thick target, an on-
line isotope separator and a two-stage linear accelerator. ‘
The low energy radioactive ion beams of the ISAC are ex- | D
pected for the spring of 1999 and thecelerated beams for G '
the spring of 2000. Two experimental areas will be avail- ; Quadrupole Beam
able for nuclear physics studies: a low energy area Will------fssssssaccccaod --p-- B - -} - {SRSRSSERSEEL . ... -
utilize the< 60 keV beams from the separator; a high en-
ergy area use the beams from the accelerator. The primary A
objectives of the ISAC facility are the study of nucleaac- ‘
tions of astrophysical interest and the investigation of fun-
damental interactions in nuclei. With the accelerated rd=igure 1: Schematic layout (not to scale) of the 35 MHz re-
dioactive beams of unstable nuclei, produced by the ISAuncher RF cavity for ISAC at TRIUMF. Dotted lines and
facility, nuclear eactions which occur in explosive astro-notations ofA, B, C andD are reserved for possible loca-
physical phenomena, such as supernovae, will now be stuins of a tuner, a disk RF window, a tubular RF window
ied in the laboratory. and supporting ceramic rods, respectively.

The two-stage accelerator complex consists of a RFQ
(Radio Frequency Quadrupol@gccelerator and a DTL needs to consider easy access and installations for both the
(Drift Tube Linac) linear accelerator. The RFQ acceleratoadjacent quadipole magnets and the cavity. The physical
provides an initiahcceleration of the ion beams deliveredspace available (in beam direction) for the cavity is only
from the mass separator. The DTL will accelerate, in Cv#bout 20 cm. The beam axis is at a height of 167.64 cm
mode, ion beams with charge to mass ratiol /6 from from the floor level. As it is shown in Figure 1 (not to
0.15 MeV/nucleon to a final energy variable from 0.15 tescale), the whole cavity body will need to be sat on a sup-
1.5 MeV/nucleon. In order to match the longitudinal beanport structure, and stay right above the two quadrupoles.

p—— o ed by the Director. Office of E To ensure a good alignment of the cavity iris with the beam
eray R'esseaerzﬁ‘:"gmce o Hliz hséﬁgféyean dyNujealrrg(r:\;srics, A‘i’gehoEnerr‘hne, the support structure design and mechanical stability

g . .
Physics Division, of the U.S. Department of Energy, under Contract Né.gf the CaV'W_are Important. PrOb_lemS such as vacuum pres-
DE-ACO03-76SF00098 sure, material stretch and the inner conductor vibrations
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need to be carefully studied as well. Some parameters of 4 FINE TUNER

the cavity are listed in Table 1 for reference. _
A movable plunger type tuner has been suggested for fine

tuning. The most favorable location for the tuner is shown

Table 1: Parameters the 35 MHz RF Cavity asA in Figure 1, where the RF current is zero, and yet
Notation Description Value sensitive enough to perturb the resonance frequency. The
f Frequency 35 MHz MAFIA simulations indicate that the tuning range can be
3 Velocity (= fc) 0.018% up to 1 MHz with a minimum of 5 mm gap left between
174 Accelerating Voltagel 50 kV the tuner and the drift tube if assuming the tuner has the
D Beam Aperture 20 mm same radius as the inner conductor. The resulting electric
H, Cavity Height 1.55m intensity is 6.4 MV/m at the gap, still below the Kilpatric
D. Cavity Diameter ~1.4m criterion of 8 MV/m at 35 MHz. The RF power losses on
BA Length of Drift Tube | 154.3 mm the tuner is computed to be about two watts, less than 1%

of the total RF power losses on the cavity wall. The tuner
itself does not need to be cooled.

3 THE CAVITY DESIGN 5 MULTIPACTING EFFECTS

. . . v h _ _
A few possible design options for the cavity have bee%F cavity performance may be plagued bytietipacting

carefully reviewed and discussed [2, 3]. It was decide . ’
that the quarter-wavelength coaxial line type is a bettee;ffectsAcomplete study for the multipacting effects needs

choice for overall considerations of shunt impedance, mé(-) use sop_histicated computer programs to track elgctrons
chanical stabilities, compact, tuning and vacuum etc.. 2 the RF fields of the cavity and search for the multipact-

MAFIA has been used to simulate tE fields and opti- Ing tracks. Many theoretical and experimental studies on

mize the cavity geometry as the cavity is almost a cylindrit-hls aspect are available [4]. However, many of these re-

cal symmetrical. 3D MAFIA model was established forthe';earch studies were conducted for a particular type of the
ﬁpvity geometry. A new cavity design always asks for a

urposes of optimization of the nose cone shape and w ) ;
Ee Esed for thpe final design. Nevertheless the 2D mod W study. Fortunately the cavity design we have for the 35
zre-buncher is a simple coaxial type. The multipacting

i i ti h T e .
should provide enough information (nose cone shape a ects in this kind of cavity is dominated by the so-called

the beam iris are considered to be a perturbation to the . . !
model) at the conceptual design stage. All the simuIatior%’o'plate type multlpact_lng effec_ts. Based on the expert-
and discussions presented in this paper are based on ’EH%”t r_esults and theoretical S.tUd'eS [4] respect tp th's’.w'th'
2D MAFIA modeling. As an example, an optimized 2D0“t_ going thr_ough the complicated computer simulations,
MAFIA model is given in Figure 2. The optimization was which sometlme are hecessary, we have carefully CheCked
Hae operation zones of the cavity and made the cavity de-

reached by varying all geometry parameters possible al _ 0 . : i
keeping a reasonable characteristic impedance match E%’n avoid falling into the existing multipacting Zones [l
served in other experiments at normal operations.

tween the inner and outer coaxial lines at a fixed outer df
ameterD,, to get the highest possible shunt impedafice
and quality factor). LargerD. always gives higheR and

@ in general. TheD, was determined upon the compro-
mised considerations of the costs, space and etc.. Basgd
on the model in Figure 2, we obtainétd = 1.46 M{2 as-
sumings = 0.018 and@ = 19, 000 (copper model). It is
worthy to point out that the definition we used for the shunt:
impedance calculation is: ‘

_ Ly Er(zo)e T FE dr|?

R
2P ’

@)

e
ALl

since people use different definitions sometimes. Here
and E,(zp) are power losses on cavity wall and electric

field at the beam passage, respectively. Therefore 270 wa é_é ,
will be needed to to attain a 25 kV accelerating voltage al
each gap (neglecting the power taken by the beam). To be

conservative, we have assumed only 80% of theorefjcal Figure 2: An optimized 2D (rz geometry) MAFIA model
is achieved. We also noticed that 46% of the RF powdpr the 35 MHz re-buncher RF cavity. The dimensions of

losses will be dissipated on the inner conductor. Watdhe cavity shown here may not be thefina_l, b_utclose to. The
cooling of the inner conductor isscessary. arrows shown in the cavity are the electric field strength.
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6 MECHANICAL STABILITY AND RF
WINDOWS

having the RF windows, such as vacuum sealing and mul-
tipacting elimination of the outer coaxial line will be lost.

As shown in Figure 2, the inner conductor of the cavity is 7 COUPLER DESIGN
long and thin. Supporting the conductor against possible

mechanical instability and ensuring the good alignment a/é magnetic coupling loop, fed with a 50 transmission

big concerns. Making the whole cavity stiff or using supling, is suggested as the coupler for the cavity. The reason
port structures inside the cavity were suggested as posside choose the loop design istause of its simplicity and
solutions. Possibility of using disk or tubular ceramic RRthe flexibility for the coupling adjustments. A simple ana-
windows at locations oB or C, or ceramic support rods lytical calculation (see Equation 2) shows a small loop of
atD in Figure 1 to support the inner conductor have beefi cm in diameter (assuming a circular loop) should be able
studied. The advantages of having the RF windows inside drive the cavity. The coupling loop areais given by,

the cavity are not only to provide the necessary mechanical

support to the conductor, but also greatly reduce the vac- S Y szo’ 2

uum burden of the outer coaxial line since the outer coaxial wB

line does not need to be in vacuum anymore. The Multiynere P is the input power,Ro, the impedance of trans-

pacting problems in the outer coaxial line will not be anyission Jine (5a72) and B, the average magnetic intensity
issue either. However, having the RF windows inside thg, ine coupling loop. It is worthy to point out that thé

cavity will increase the complex of the cavity design, man; independent of the as\/T;F is a constant depending on

uf?ﬁtz:mg’ a;nd ;r,:ﬁ costs (may nteed tOTEe compr?mls?ge cavity geometry only. The engineering and mechanical
w € costs of the vacuum system). € norma OpeEi'esigns of such kind of couplers have been used and are

atlolr;nof tftw)e car\1/1|ty W:hv\?iRF er\1/(\j/ovr\1/, 3nd tr:;R'z Vé'?ﬁowrergdily available at TRIUMF. The coupler locations can be
co0lings become a new issue. We have conducted Ie Pl o inside or outside the tubular window locationde-

formance studies of the RF cavity with windows using th : : : : .

: . : . the final ch fth t .
the MAFIA in frequency domain. The simulation results%enOIIng on the final choice of the cavity design
are listed in Table 6 with the window parameters. Where

8 APOSSIBLE NEW CAVITY DESIGN

To further reduce the costs of the cavity and ease the me-
chanical constrains from the vacuum pressure, material
stretch and alignments, we propose a new cavity design
using commercial available high pressure, elliptical con-

Table 2: Simulation results with/without RF windows

Parameterq Disk window | Tubular window | No window

t;& 1394 13'_04 % tainers to to replace the two big cylindrical vacuum ves-
t 1.27 cm 1.27 cm sels for the previous designs. MAFIA simulations using the
Q ~ 16,000 ~ 18,000 ~ 19,100 dimensions for commercial available containers show that
R 1.2 MQ 1.34 M 1.46 MQ the overall performance of the cavity is, in fact, improved.
Piotal 326 watts 287 watts 268 watts  The shuntimpedanck and quality factor) obtained from
P 52 watts 18 watts X the modeling are 1.48 M and 19,500, respectively. The
Viwindow ~ 29 kV ~ 22 kV X cavity sizes become bigger, and are respectively 1.524 min

diameter and 1.45 m in height. The discussions on having
the RF windows and the supporting rods inside the cavity
t, and P, are respectively the window thickness and théemain same. Nevertheless, the mechanical requirements
RF power losses on the windows. THe calculations are for the stability and alignments are less demanding.
based on the perturbation method using Ehigelds com-
puted for the cases without lossy materials. Again we have
assumed the achievahigis 80% of the theoretical results
l.:@ > . o él] R.E. Laxdal, “The Separated Function Drift Tube Linac for
for the power calculations. Having the RF windows insid -
- . . . ISAC” TRI-DN-ISAC (Feb. 7, 1997)
the cavity will reduce the shunt impedance, which leads to _ _ _
a slight increase of the input RF power. The RF voltageg] Derun Li, “Conceptual Design of 35 MHz Re-buncher Cavity
at the window locations and RF power dissipation on the for ISAC at TRIUMF", Progress Review at LBNL (1997)
windows are high, which suggests that the cooling of thed8] A. Mitra and et al from TRIUMF, private communications.
windows be necessary. As a compromised solution for th#] w. J. Gallagher, “The Multipactor Effect”, IEEE Trans., Vol.
support of the inner conductor, we have considered to use NS-26, No. 3, June 1979; S.R. Farrell, “Further Notes on the
three ceramic rods, instead of the windows, at locaflon Multipactor Effect”, IEEE Trans., Vol. NS-32, No. 5, Octo-
in Figure 1. Assuming the same ceramic material is used, ber, 1985;
the RF power losses on each rod is significantly less (a fe] R. Rimmer, “Experimental Observations of Multipacting
watts), cooling may not be needed. However the rods will zones”, private communications.
still be at high voltage locations and the advantages from

9 REFERENCES

1792



