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Abstract 

In order to achieve the proper frequencies and 
coupling in Side Coupled Accelerator Structures, it is 
often necessary to model the cavities. In order to re- 
ducr the number of modeling steps and hence reduce 
machine shop time and cost, we have drawn heavily 
upon previous LAMPF rxpe:ience and present day 
numerical calculation programs. Using a few alu- 
minum cavity models at selected machine energies, we 
have been able to predict the frequency and coupling 
oiour structures with good accuracy. This paper will 
desrrib? the stops used to detrrmin? the cavil? di- 
mansions that mwt our structure requirements. 

Introduction 

The Fermilab Linac Upgrade Project’ will in- 
crease the energy of the existing 200 Me\’ Linac to 
400 Me\’ by replacing the last four drift tub? cavities 
ofthe- original Linac with higher gradient, side coupled 
(SC) rarity arwlerating structures. The determina- 
tion of cavity dimensions required thv synthesis of 
numrrical simulation data and aluminum model mea- 
suwm~nts. Mechanical fabrication issues also played 
a rolr in the structur~‘s design. 

Design Constraints 

The overall constraints placed on the design of 
thr LINAC cavities derive from the power, beam dy- 
namics and initial nrwlerating rarity analyses. These 
constraints result in a mwhin? which acceleraks the 
beam from 116 \lcV to 400 hlrr with seven indeprn- 
dently poeered SC modules. Ream dynamics runsid~ 
orations leads to th? separation of the modules into 
sr~tions wparalcd by quadrupolcs. Each of thp WC- 
lions has 16 identical aczlrrati~~g taritia (of length 
3A/2), and the SC Linar wctions we drsigncd at 2R 
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Figure 1: Segmented SC Cavity Design 

different energies. The program SUPERFISH \IBS 
used tooptimize th? shape oithe accelerating cavities 
for high ZT2 and reduced suriacc electric lirld.2 Thr 
unslotted accelerating cavity irrquencies, /~,r used in 
these SUPERFISH rcns werr drtrrminrd as outlined 
below. The major cavil\- radius of thv arrvlera-,ing 
cells was held constant at 13.455 cm ((I simp!iiv their 
manuiacluring. 

Design Choices 

Fermilab has chusen the LAhll’F srg~rl~nted con- 
struction far the ~PW SC Linac. In the segmented de 
sign, two haliaccelrrating cavities are machiqcd irrlm 
roughed-out copper cylindrrs of length -iX;‘Z. The 
side ravitirs are also rnadr iwm roughed-out rylindri~ 
cal pieces. Thes? IWO haliacrrlcrating cavitit.s along 
with on? full side cavity ronsilute a basil. scgmpnl 
for thr Ffrmilnb dkgn This drsign prrmics higher 
speed lathe operations due tr, the spmmrir; i,f th? 
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Figure 2: SCC Slot, Length vs Nearest Neighbor Cou- 
pling Constant, kl 

cavity parts.’ The Fermilab segmented design is il- 
lustrated in Figure 1. 

The next goal of the design is an SC structure 
which has a constant nearest neighbor coupling con- 
stant k,. a flat electric field from cell to cell on the 
beam axis and is simple to manufacture. Since the 
arcrlerating cavity shape is now fixed, lhe side cavit) 
shape and location aith respect to the accelerating 
cavities can be used to ensure a constant k,. 
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Figure 3: LAhlPF Side Cavity Length vs Accelerat- 
ing Cavity 1,ength 

In order to better understand the design oi side 
cavity structures, a study oi the design of LAMi’F4 
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Figure 4: fs~ ~5 0 for the Fermilab SCC 

was carried out and aluminum SC cavity models were 
constructed and measured. Combining LAMPF data 
with the aluminum model data reveals that the geo- 
metric parameter which correlates closest to k, is the 
slot length, shown in Figure 2. The LAMPF data, 
illustrated in Figure 3, shows that the side cavity 
length increases with increasing accelerating cavity 
length (and energy) in a step-like manner. The step- 
like changes in the LAhlPF side cavity length cause 
the slot length and hence k, to vary with 8. In the 
Fermilab SC cavity design these variations in k, are 
eliminated by continuously changing the side cavity 
length with B in such a nay as to keep the slot length 
constant. The center to center distanre between the 
acrelerating and side cavities and the side rarity ra- 
dius are held constant for all 8s. 

Accelerating Cavity fsf and Slotting 

In SC carity structures the sidr cavities are in- 
ductively coupled to the accelerating cavities via a 
slot. The resonant irequencr of the unslotted acrel- 
crating cavity, ~SF. drops when iI is slotted. The a,~ 
tachment of a side cavity to the slotted accelerating 
cavity pieces creates a basir segment. After stacking 
the basic segments and tuning them. the resulting SC 
module resonates at a mod?’ irequenc.v j712 equalling 
805 MHz.~ Thueioore, fs~. needs to be known beiore 
slotting and stacking takes place. Initially, the f5~ 
was dplermined by taking the fop vs 3 graph for 
LAMPF and shifting the curve for dimensional dif- 
ierences between the Fermilab aluminum cavity mod- 
els and LAMPF, Subsequently. prototype copper CBY- 
ity sections were fabricated and measured. This new 
data led tc, a revision tithe initial f.sF curve. Figure 
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Figure 5: Af/ Acenfer vs fl for the Fermilab SCC 

4 shows the initial and modified curves. 
The frequencies f5F were chosen so that for a 

slot length of 10.516 cm k, equals 0.05. In practice 
the slot is not cut to the full length, rather it is cut 
to approximately 10.433 cm. This slot length corre- 
sponds to a slot depth8 of 7.264 inches. Fine tuning 
of f-/2 is accomplished by slightly varying the slot 
length. This results in ki = 0.046 i 0.001 (see Figure 
5). The variation in k, for LA!vfPPF was 0.042 to 
0.052. 

The accelerating cavity sections are terminated 
xvith end cavities whose electromagnetic properies are 
different from interior cavities.’ This difference arises 
from the lact that they either posses only one cou- 
plingslot. in the case oiterminatigends, or one ofthe 
two slots couple into a bridge coupler with a kl 5 0.1. 
During tuning6 material is removed from the outer 
wall of the terminating ends and just beloiv the slot 
of the bridg? rnds. Figure 6 shows these rulosts. 

Summary 

The combination oinumerical electromagnetic sim- 
ulation programs, a few key measurements of proto- 
type cavity structures and numerically controlled ma- 
chining has allowed us to fabricate SCC cavity mod- 
ules in an accurate, repeatable manner. This paper 
has outlined the rationale behind the dimensions of 
the Frrmilab SC Linac. 
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