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Summary 

The performance of the interlaced 
standing wave accelerator structure has 
been reviewed in detail with a testing model 
and a computer program. 

Introduction 

Nowadays medical linear accelerators 
have found wide applications in radiotherapy 
in the world. According to the form of the 
trajectory of the electron beam, medical 

al b) C) 
linac can be divided into two types: bent beam 
and straight beam machines. The straight 
beam machines have many advantages over the 
bent beam ones owing to its small size and 
compact structure. But the length of the 
accelerating tube in straight beam machines 
should not exceed 30 cm otherwise the isocen
tric height will be unacceptable. In order 

Fig. 1. One quadrant cross section 
of various cavities. 

to obtain higher energy electron beam in such 
a short tube, it must have the possibility 
to withstand very high electric field grad
ient. The interlaced side coupled standing 
wave structure (IL) proposed by V. Vaguine 
of Varian Associates has obtained the high
est accelerating gradient in comparision 
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with other accelerating structures. But 
since the efficiency of IL structure is 
approximately 20 percent lower than the com
mon side coupled structure (SC),the relative 
advantage of IL structure becomes apparent 

70 70 2 2 

only in the range of higher accelerating 
gradient (above 40 MV/m) • Meanwhile the 
3 mm beam hole diameter seems too small to 
make a longer accelerating tube. So it would 
be worthwhile to study the performance of 
the IL structure in more detail. 

Influences of the geometrical 
parameters of the IL cavity 

The typical one quadrant cross sections 
of IL, IL with nose cone and SC are shown 
in Fig. 1. The web wall thickness tw is de
termined by mechnical rigidity and thermocon
ductivity. In IL cavity the web wall thick
ness also affects the coupling between two 
cavity chains. A web thickness of 3 mm which 
was adopted by Vaguine has been kept constant 
in our calculations. Each time when we change 
one parameter the other parameters will remain 
unchanged. 

Calculated data for each parameter are 
shown graphically in Fig. 2-3. The resonant 
frequency is kept at 2998 MHz. The relation
ship between resonant frequency and various 
geometrical parameters in shown in Fig. 4. 
It can be seen that the effect of the varia
tion of geometrical parameters on the effective 
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Table 1. Comparison of IL cavity with and without nose cone with SC cavity. 

L tw e r
H rN 

mm mm mm mm 

SC 50 1.5 30° 3 2 

IL with nose cone 25 1.5 30
0 

3 2 

IL 25 1.5 - 1.5 1.5 

shunt impedance is very slight while 
the effect on the parameter Ep/Eo is quite 
apparent. The effects of beam hole and 
rounded corner radius on resonant frequency 
are also very slight. The only sensible 
parameter on resonant frequency in IL cavity 
without nose cone is the cavity radius Rc. 

The IL cavity with nose cone has been 
calculated in order to be compared with the 
SC cavity. The results indicate that there 
is also an unsharp optimum length of nose 
cope.(see Fig. 3b) As in the case of IL cavit~ 
the IL cavity with nose cone can not attain 
the same efficiency level of SC cavity either. 
Meanwhile in this case the parameter Ep/Eo 
increases rapidly, The com parison of physical 
parameters is listed in Table 1. 
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(IL) 

Since there are not sensible dimensions 
in IL on resonant frequency except Rc, we 
have tested mechanical compressive method. 
It is observed that a total frequency shift 
of only 0.4 MHz can be obtained under 
appropriate pressure. 

rW 
mm 

1 

1 

-

lUT AX 'i. T lT2. ll'::J./
Q Mn/m MfVm mm mm 

10 3.5 162.6 0.822 109.7 6213.9 

6 1 110.4 0.958, lOlA- 8115.8 

0 0.5 104.8 0.921 88.9 7050.9 

Influence of the direct coupling 
between two cavity chains 

~P/Eo 

3.64 

3.14 

1. 35 

The IL structure is composed of two 
separately independent cavi to chains, The 
beam hole at the web wall center is used 
only for transmission of accelerated electron 
beam. When the beam hole radius increases, 
the direct coupling between two cavity chains 
also increases. The relationship between 
the direct coupling coefficient K' and the 
beam hole radius has been measured as shown 
in Fig. 5. 
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The equivalent circuit of IL structure 
with direct cou~ling between two cavity 
chains is shown in Fig. 6. The diagrammatic 
sketch with unequal number of cavities in 
two chains is shown in Fig. 7. 
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Fig. 6. Equivalent circuit of IL structure with direct 

electrical coupling. 
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Pig. 7. Uiagrammatic sketch of IL 
structure with direct 
electrical coupling. 

(unequal number of cavities 
in two chains) 

Por homogeneous and lossless case, the 
coupled resonator equations of !o'ig. 7 can 
be written as: 

Xo(l- ~)+ 
w" 

X, (1- wl)+ 
W' 

X 2 (1- w:)+ 
uJI 

Where w~=- L:C, w/= L~C2 
K = ~ K' = --.-f..e...-.rr:;;:;. c , + C. 

.[2L. in=Xn, .[2G"in' =Xn', n=0,2,4 ... 

J2L2 in=Xn, ]2L;in' =Xn', n=I,3 •.• 

The solutions of 4- mode case will be 
the superposition of following two groups of 
solutions. 

{ 
Xo= -XZ=X q , 

Xo' =X2'=0 

{ 

Xo=X2.=X'I=o 

X, = -X3= -

X 1'=0 

X,=X3=0 

X, '=0 w!L=WQ.= We 
:1-

It can be seen that a small amplitude 
of fields will appear in the coupled cavities 
whi ch wi 11 lower the efficiency of the accel
erator. 

The ampli tude of Xo and Xo' will be deter-
mined uy the hybrid coupler which may be 
designed to obtain equal amplitude of Xo and 
Xo'. 

Influences of the detuning effects 
of two cavity chains 

The energy gain V can be represented by 
the following formula: 

v = UT 

Where U - ~quivalent voltage at cavity. 
T - Transit time factor. 

When the detuning of two cavity chains 
takes place,it leads to the decrease of field 
amplitude and the transit time factor which 
will in turn decrease the beam energy gain. 

6 V AU AT 
V-=--U+-r 

Let fl, f2 represent the ~ mode reso
nant frequency of two cavity chains respec
tively, fo is the frequency of UP source. 
We can define: 

fo= -}(£, +f11 

26f is the frequency difference between 
two cavity chains. 

Equivalent voltage at a high Q resonant 
system can be written as 

U= 
Uo 

1+ j G/ L 2.Af 

C, V 1,,/0 ( 2lJ.f)2 
U = - "2>:1.. To 

eosM=I/ J 1+ (QL ~)2. 
fo 

Where Va is the equivalent voltage at 
resonance. 

A~ is the phase shift caused by the de
tuning. 

When the number of accelerating cavity 
N is small, the electrons are not so tightly 
bunched that the influence of the cavity 
phase shift is not apparent. When the elec-
tron beams are being bunched aggressively 
the influences of the phase shift also in
creases. When the electron beams are well 
bunched, further increase of N would not 
apparently change the effect of detuning 
phase shift. ~imilar to the case in the 
travelling wave tube, we may suppose that 
the effect of detuning phase shift changes 
exponentially with N. When N=l, the IL 
structure has been turned into a single cavi ty, 
the effects would disappear. 

So that AT/T can be presented in the 
following equation. ~ J 

lJ Y6 E (ll CDS (l~'1. .± A4» ~ l- J>- 8 E (l)COS(~)ci) .1.. 

/:::,. T - -21 '18 eN·' 
- J"'1i E ( l) .( l 

'~/1 
or II = - ...Le'~Q2(2.Aj)1 T 2 L--

To 
The relative energy decrease can be 

wri tten as: 1 2 let. 2 

~V=-t(lte-N-I)QL( j:) 
The above formula is very close to the 

dynamic calculation results obtained by com
puter program as shown in Fig. 8 . 
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8. Comparison of the formula 
with the results obtained by 
computer program 

Power feeding into IL cavity chains 
with unequal number of cavities 

When the two cavity chains have unequal 
numbers of accelerating cavities, the UP 
power in two chains shuld be in proportion 
to the numbers of the accelerating cavities 
of the two chains. 

The hybrid coupler of the TEM/Hol qua
drature type is shown in l"ig. 9. 

< 

Fig. 9. The cross section of 
hybrid coupler 

The outputs from two arms of hybrid 
coupler are always in quadrature but their 
power ratio depends on the length of coupler 
slot. 

The relationship between the power ra
tio and the slot length can be presented as: 

Vlhere 0.K-HOI mode guide wavelength 
Ao-free space wavelength. 

N I, N2, PI, P.z. -cav i ty number and power 
needed in two cavity chains. 

When N1=N.z., Lc= ~ \g~o it is the slot 
q Xg-Xo' 

length for 3db hybrid coupler. 
The measurement results are highly con

sistent with the above equation. (Fig. 10) 
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Fig. 10. Comparison of the experiment 
results with the formula. 

Conclusion 

The IL standing wave structure is a 
hopeful structure in medical linac with 
straight beam trajectory. But there are still 
some problems to be cleared. The following 
points have been analysed in this paper: 

1. Except the cavity wall radius there 
are no other geometrical parameters sensible 
to resonant frequency. The mechanical compres
sive method can give limited frequency 
shIft. The lL structure and IL with nose 
cone can not attain the same effiCiency level 
of SC structure under lower accelerating 
gradient. 

2. The IL structure needs two separate 
cavity chains. The increase of direct cou
pling between two cav i ty chains owing to the 
larger beam hole radius will lead to the 
decrease of efficiency. 

3. The detuning of two cavity chains 
will lead to the decreasing of equivalent 
voltage and the transit time factor which 
will in turn decrease the beam energy gain. 

4. A IL structure with unequal number 
cavities of two chains could be fed by the 
hybrid coupler with appropriate slot length. 
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