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Abstract 

A Fermilab Booster RF cavity has been 
modeled using computer codes collectively 
known as MAFIA. Because of the com
plicated geometry of these cavities over 
87000 mesh points were used to obtain 
an accurate simulation. The results of 
the nwnerical simulations were then com
pared with experimentally-measured res· 
onant frequencies. The reasonable agree
ment found between the calculations and 
the experimental data indicates that the 
URMEL-3D part of the MAFIA codes can 
be used to describe and design RF cavities 
with a permeability as high as µ = 12.0 
and with a geometry as complicated as 
that exhibited by the Fermilab Booster 
cavities. 

1 Introduction 

The proton beam in the Fermilab Booster 
Synchrotron is accelerated in 33.0ma from 
200M e V to BGe V using 15 ferrite-tuned 
cavities. In this time interval RF changes 
from 30.lOMHz to s2~Bl3MHz. 
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Figure L is a cut-away drawing of a 
booster cavity with a power amplifier and 
three ferrite tuners mounted on it. 
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The cavity contains a drift tube whose 
electrical length is 140 degrees and an ac
celerating gap at each end. The drift tube 
is a tapered copper structure with a 2-1/4" 
i.d. beam pipe in the center. An alu
mina insulator, with permittivity f = 9, 
near each end of the drift tube provides a 
vacuwn-tight rf window. Only the beam 
pipe inside the drift tube and the acceler
ator gaps at the ends of the cavity are un
der vacuum. The central part of the cav· 



ity and the tuners are under atmospheric 
pressure. 

Three tuners are attached to each cav· 
ity. The tuners are coaxial transmission 
line structures with shorted ends. The 
center conductor of each tuner is con
nected to the center of the drift tube in 
the accelerating cavity, and the tuners are 
part of the resonating structure. There are 
28 toroidal ferrite cores, with permeability 
µ = 7.5, mounted in the rf field between 
the inner and outer conductor of the tuner. 
A ten-turn bias winding passes through 
the center conductor of each tuner and 
links the ferrite cores. The reactance of 
the tuners and, consequently, the resonant 
frequency of the cavity structure is con
trolled by varying the current through the 
bias winding. The current in the tuners 
of each cavity is software controlled and 
follows the frequency change necessary to 
accelerate beam in the Booster. Differ
ences between an individual cavity and the 
rf drive frequency is corrected by a feed
back loop on each cavity which minimizes 
the phase difference between the rf drive 
and the fields in the cavity [l]. 

2 Simulation 

MAFIA is the name given to a set of codes 
intended for use in the design of three
dimensional RF-structures [2]. MAFIA 
solves Maxwell Equations using Finite In
tegration Algorithm and calculates the 
resonant frequencies of RF cavities. Be
cause of the large physical dimensions (2.4 
meters long, 1.2 meters width with tuners 
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and 1.4 meters high with tuner and power 
amplifier and only two planes of symme
try) over ~. 7 ,000 mesh points were needed 
to simulate the Fermilab Booster Cavity. 
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Figure 2 

Figure 2 displays the geometrical cross 
sections used in the calculations and 
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Table 1 

Table l lists the MAFIA input parame
ters. Figure 3 displays the resonant fre-



quenc1es calculated by MAFIA calcula
tions up to 300M Hz as function offenite 
µ. 

BOOSTER CAVITY MODES 
Mafia results 
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Figure 3 

3 Measurement 

fo f, f, f, f, f, 
JS 30.0 75.5 80.5 102.2 128.1 187.5 
61.5 31.2 7S.5 80.5 107.l 136.I 187.5 
110.7 34.l 75.5 80.5 110.9 147.7 187.5 
185.0 37.0 75.5 80.5 118.7 160.8 186.0 
457.5 42.8 75.5 80.5 138.l 213.8 187.S 
847.5 47.4 75.5 80.5 150.6 230.4 187.5 
2032.0 52.3 75.5 80.5 163.0 249.0 187.5 

Ta.b c S. The currcci.t 1s in Amps a.n rcquencics 
in MHz. The /o is fundamental mode. 

4 Conclusion 

A direct comparison bet\veen measure
ments and calculations cannot be made 
because the characteristic frequencies were 
measured as a function of bias current in
stead ofµ. However, the the agreement of 
calculations with data in the case of non· 
tunable frequencies and consistency of the 
curves in Figure 3, indicate that MAFIA 
codes provide a reasonable description and 
can be used as design tool for RF cavities. 
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The measurement of the frequency re- 5 
sponse of the cavity was done using two 
antenna-type probes. The signal from the 
RF signal generator was applied at one ac
celerating gap through this probe. The re· 
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cei ving antenna was mounted at the sec· 
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